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a  b  s  t  r  a  c  t

Renewable  natural  resources,  such  as plant  oils,  fatty  acids,  cellulose,  and  lignin,  have  been  widely  pursued
as  precursors  for manufacturing  sustainable  polymers.  There  are  many  challenges  in the  production  of
 polymers

lyolefins

biobased  plastics.  This  Trend  article  provides  a succinct  overview  of  three  major  areas:  lignin  chemistry
and  polymers,  biobased  polyolefins,  and long-chain  aliphatic  polycondensates.  The  emphasis  is  placed  on
how  chemistries  of  monomers  and  polymers  improve  materials  properties  in  conjunction  with  processing
methods.  Each  section  concludes  with  challenges  and  prospects  toward  better  sustainable  polymers.

© 2019  Elsevier  B.V.  All  rights  reserved.
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obal demand on energy, chemicals, and materials contin-
rease as the world population expands. Most chemicals

mers are derived from fossil resources. Currently, there
t 8 % of the total fossil oils used to manufacture poly-
s predicted that this number could increase to 20 % by
4]. With the increasing concern on undesirable environ-
nd socioeconomic consequences of petrochemicals and
ssil resources, there is a significant interest in using nat-
ass as raw resources for chemical, polymer, and material
ent [5–9]. Moreover, many sustainable polymeric mate-
ess commendable biocompatibility, which could bring
l benefits for expanded applications [10].
the advent of the 100th anniversary “Macromolecular
is”  that was conjectured by Staudinger [11], who  could
ged the extraordinary impact of polymers on humankind.

 have tremendously transformed almost every aspect of
life. While polymers have brought enormous benefits and
nce to the society, they inadvertently have some undesir-
equences on environments and climate change, for which
tific communities did not intend from the very beginning.
d article aims to delineate some possible solutions to mit-

 negative influence and to promote a more sustainable
ent.

nable polymers are classified into two major categories:
olymers and synthetic biobased polymers. Natural poly-
h as cellulose, lignin, hemicellulose, starch, protein, and

 biopolymers, have been widely consumed for the prepa-
 bioplastics and composites, and for other applications
thetic biobased polymers can be derived from a variety
lar biomass such as plant oils, fatty acids, furan, terpenes,
s, and amino acids [13–15]. It is worth noting that sustain-
mers are not necessarily biodegradable. On the contrary,
hem do not biodegrade. The use of sustainable polymers

 the dependence on petroleum resources and reduce car-
sions [16–19].
ent  from carbon-carbon and carbon-hydrogen bond-
trochemical feedstocks, a variety of natural biomass
hemical structures such as carbon-oxygen bonds that are
omical to produce from fossil feedstocks. These unique
s could be used as new platforms to design functional
ily compostable polymers bearing new and improved
s. However, there are many hurdles, including cost, envi-
l impact, and thermomechanical performance, to be

 before sustainable polymers will have more substantial
 impact.
cant progress has been made in the area of sustainable

y to transform biomass into polymers. Molecular biomass
ell utilized toward biobased polymers in a way  similar
hly successful molecular engineering of petrochemicals.

, a key challenge is the realization of materials with com-
r even improved properties in terms of sustainability and
s. Processing, often neglected by chemists, can actually
portant role to significantly enhance material properties.

 Trend article, we highlight three areas that are critical
nability (Fig. 1): (1) Lignin. It is not only the second most

 biomass but also among the most challenging due to its
ty. There are tremendous potentials and gains to trans-
in into polymers. (2) Biobased polyolefins. Given the
olume of polyolefins in the market, it is a necessity to

arious means to prepare biomass-derived polyolefins. (3)
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 a largely neglected area is how the processing methods
nce the properties of sustainable polymers, which will be
ussed. There are many other classes of biomass such as
, CO2, and furfural that are also widely pursued as precur-
anufacturing sustainable polymers. However, it is not the

 of this Trend to provide an exhaustive review on the vari-
s of biomass. Readers interested in this aspect should refer
ecent reviews [1,9,10,13,14,20].

, a component of the lignocellulosic biomass only sec-
ellulose in natural abundance, has high prospects as a
non-food alternative to petroleum sources. Lignin serves
e-dimensional polymeric networking agent providing

l support to cell walls. It is estimated that over 300 bil-
 of lignin is present in the biosphere and about 20 billion
ally biosynthesized throughout the world [21]. Although

a recalcitrant substrate, certain microorganisms such as
t fungi can degrade lignin, facilitating the formation of soil
atter, thus making lignin a biodegradable natural polymer

rently, lignin is under-utilized for chemical and material
ent, mostly (∼98 %) burnt as fuel. Some of its macro-

r applications include agricultural and dye dispersants,
rs, cement additives, pelleting aids, battery expanders,
helants, etc. (Fig. 2) [23].
ercial lignin-based thermoplastics, thermosets, and com-
lymeric products are almost negligible in volume, though
t research efforts have been reported [24–27]. It is worth

 two  major directions, which are, however, ill-pursued in
narios: (1) lignin as a whole: the challenge is either inferior
nce of products or low volume use of lignin; (2) defrag-
ignin as monomers: the challenge is either too costly to
cted functional molecules or the use of model compounds

 from the reality of lignin.

tionation and depolymerization processes of lignin

ansformation of lignin into value-added chemicals and
 involves many processes such as lignocellulose frac-
, lignin depolymerization, and chemical upgrading [23].
l lignin production via biomass fractionation is tradition-
ed out in paper pulping mills, generating over 50 million
ns of lignin per year. During the paper-pulping process,
dissolved in alkaline media under high temperature and
sure. According to production methods, lignin can be clas-
raft lignin, lignosulfonates, soda lignin, organosolv lignin,
rs. Only about 2 % of isolated lignin is used for chemi-

 the rest is used as fuel in pulp mill recovery boilers in
recover pulping chemicals and provide energy. However,
r-pulping industry is shifting toward integrated lignin

 systems to harness the chemical value of lignin and ligno-
s rather than burning as low margin fuel. Novel extraction
cluding lignin-first method and biorefinery concepts are
round [28]. Especially, large quantities of (non-sulfonated)
ld be generated from ethanol biorefineries [29].
l  focus is given to the depolymerization of industrial lignin
l molecules via various routes including reductive, oxida-
- and acid-catalyzed, solvolytic, and thermal pathways
ever, it is not an easy task to increase monomer yields

in depolymerization. Further technological development

 toward lignin-derived value-added products such as car-
s, activated carbons, engineering plastics, thermoplastic
rs, polymeric foams and composites, chemicals such as
nd high-value aromatic compounds.
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Fig. 1. Sustainable polymers from renewable resources: (1) lignin, its basic structural units, and chemistry; (2) triglycerides, fatty derivatives, and polymers; (3) polysaccha-
rides, conversion into olefins and polyolefins.
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 is a highly oxygenated complex amorphous polymer
oth aliphatic and aromatic units. It is formed through
cal processes that involve radical crosslinking polymer-

 p-coumaryl, coniferyl or sinapyl alcohols (Fig. 3). Various
ovalent bonds such as � O 4 linkages keep the integrity
twork structure. During the paper pulping processes, the
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 has useful properties such as antioxidant, UV protector,
orcing support. Therefore, many approaches have been
d to make polymeric materials containing lignin. There

 major routes to produce lignin-based polymers (Fig. 4).
 route is to use lignin as a biopolymer component in
astic polymer blends. Blending with off-the-shelf poly-

ere lignin is used as a “drop-in” material has considerable
 to increase the content of renewable resources in an eco-

 favorable way. Lignin-polymer blends are described in
ent reviews [31,32]. The incompatibility of lignin with

nthetic and biobased polymers makes it challenging to
blends/composites with enhanced properties. In addi-
high Tg and the self-condensing propensity of lignin at
perature complicate the development of polymer blends.
rity of lignin results in strong self-interactions and hin-
ibility with non-polar polymers [32]. Lignin blends with

ns, vinyl polymers, polyesters, polyurethanes, and natu-

ynthetic rubbers have attracted the most attention [33].
lymer blends are produced mostly via melt-mixing pro-

 high temperature and mechanical blending followed by
xtrusion. Depending on the compatibility between lignin
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Fig. 3. Monomeric units and a representative structure of lignin.
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 lignin-polymer and lignin-lignin interactions. Plasticiza-
ical modification, and coupling can be used to control

ractions [32]. Arboform, a commercially produced melt-
le thermoplastic material, consists of lignin, cellulose,

hard
melt
deve
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A
mer
prop
poly
rs, and other additives [34]. A new class of renewable
astic elastomers was reported from nanoscale-dispersed
nitrile rubber via a high shear melt-phase preparation
ese products had high yield stress (15−45 MPa), strain

history [
progress.
such as 

addition-
ed polymeric materials.

g  properties, and outstanding recyclability [35]. Recently,
le hardwood lignin composites with 3D printability were

d through incorporating lignin, conventional low-melting
d carbon fiber [36].
e second route, chemical modifications and graft poly-
lignin are of great interest to improve the interfacial
s of lignin for better compatibilization with synthetic
. Although grafting polymers from lignin have a long

37], the lack of molecular control made little to no

 Recent advances in controlled polymerization methods,
atom transfer radical polymerization (ATRP), reversible
fragmentation chain transfer (RAFT) polymerization, and
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ing polymerization (ROP), facilitate the synthesis of
sed graft polymers with predictable properties [12]. Lignin
mers can be developed via “grafting from” or “grafting to”

 We  and others recently reviewed controlled polymer-
ethods-based lignin graft polymer research [24,38]. Tang

 “grafting from” ATRP to produce rosin polymer–grafted
drophobic polymer composites with Tg ranging from
100 ◦C [39]. Furthermore, they developed lignin-based

 star thermoplastic elastomers with UV absorbing and
 mechanical properties [40]. A ‘one-component’ route

 ATRP towards thermoplastic lignin composites was
by Washburn and coworkers [41]. The grafted nanocom-
ave toughness greater than lignin/polymer blends.

grafted lignin fillers have extraordinary toughening and
ning effects in polymer nanocomposites [42]. Wang et al.
d lignin-graft-poly(methyl methacrylate) via ARGET ATRP
ditti et al. reported UV curable lignin thermoplastic
rs [44]. In addition, ATRP-based responsive materials
self-healing hydrogels [48], UV protectants [49], RAFT-
erplasticizers [50], surfactants [51], flocculants [52], and
sites [53] have been reported. The presence of hydroxyl

nables the ROP of various cyclic monomers including
one [54], lactide [55], ˇ-butyrolactone [56], and ethylene
] for applications as lignin composites, biomaterials, coat-
actants, etc. Tang et al. utilized azide-alkyne cycloaddition
chemistries to grafting polymers onto lignin and produce
opolymers [58,59].
ird route is to depolymerize lignin into platform chemi-
h can be converted into monomers and then polymers.

e many recent reports on the use of lignin model
ds such as vanillin, guaiacol, and eugenol to prepare
olymers by polymerization techniques. Epps et al. con-
veral investigations on lignin polymers based on RAFT
They recently developed lignin-derived RAFT polymers

 biomass depolymerization and functionalization with
purification steps [63]. Acyclic diene metathesis (ADMET)
zation is also utilized to generate polymers using lignin-
monomers [64,65]. Du Prez et al. conducted ADMET
zation of lignin-inspired phenolic �,�-dienes followed by
ification and crosslinking via TAD chemistry [66]. Cramail

iewed thermoset and thermoplastic materials prepared
in-derived aromatic compounds [67]. Typically, these
p routes have better control over chemical and physical
s of final materials and avoid the complexity of macro-
r lignin.

lenges and outlook

standing  the challenges in the path of future development
-based polymeric materials, including thermoplastics,
ts, adhesives, and foams, is critical for large-volume use
[68]. There are at least three levels of challenges worthy
ation:

cation of lignin. Recovered technical lignin, such as kraft
 and lignosulfonates, is dark in color and contains sig-
nt  amounts of various forms of sulfur. This requires
rization and decolorization for many applications, for

ple,  as thermoplastics used in the automotive industry.
meric sugars and other impurities in lignin have negative
ts  on the direct functionalization of lignin, for example,
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ing and/or blending. It needs more high-level utilization
nin as a whole with the aid of minor chemical modifi-
s and effective blending. Grafting polymers from lignin
ntifically important, but not practically prevalent due to
olume use of lignin (e.g. 1–5 %). One must consider the
my of these modifications, which should be focused on

ydroxyl groups.
gmentation or depolymerization of lignin. It is insight-

 understand chemistry and polymerization of model
ounds. However, transformational progress is needed to
op more powerful synthetic strategies to convert a mix-
f numerous chemical entities from the depolymerization
in. One should be more aware of the common structures
se entities, for example, they all possess phenolic func-

lity.  In addition, new polymerization techniques should
re tolerant to multiple functionalities.

posing lignin as value-added products requires collective
om chemistry, materials, and processing. A more funda-
nderstanding of the molecular structures and physical
s of lignin is required to develop high-value materials.

sed polyolefins

 most volumetric commodity and engineering plastics,
ns are used in a wide variety of fields due to their excellent
al properties, high chemical stability, and good electrical

 [71–73]. Commercial polyolefins are derived from fossil
. Without alternative products, it is scientist’s conscious-
xplore biobased polyolefins from renewable resources

 not only carbon neutral, but also important to achieve
able economy [75].

ased polyethylene

ionally, ethylene is produced by steam cracking of naph-
uring recent years, the substitution of naphtha and other
urces by biomass has made progress. The synthetic path-
io-ethylene are shown in Fig. 5. Besides steam cracking
ss, catalytic conversion of bio-ethanol into ethylene is
tive approach [76,77]. Biobased alcohols can be obtained
ntation of biomass such as starch, sucrose, and cellulose.
cking of biomass produces syngas, which can be converted
s via Fischer-Tropsch reaction [78]. A few companies,

 Braskem (Brazil), Dow (USA), and Axens (France), have
d processes for the production of biobased polyethylene.
derivatives such as methanol and dimethyl ether are also

d into ethylene through approaches, so-called methanol to

TO) and dimethyl ether to olefins (DMTO) [79–81]. With
ercialization of biobased polyethylene, their utilization
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ing, automobile manufacturing, and construction is being
xplored.

 and microorganisms can produce ethylene through
sms [82,83]. In plants, ethylene is produced in a two-
tion. S-adenosyl-methionine (SAM) is first converted to
yclopropane-1-carboxylic acid (ACC) by ACC synthase,
then catalyzed to release ethylene and cyanide via ACC
[84]. However, the productivity of olefins from plant
sms is limited. In addition, microorganisms are also impor-
ces for olefin synthesis. One of the metabolic proteins
microbes is an ethylene-forming enzyme (EFE), which
toglutarate and arginine as substrates. EFE is a promising
logy target because the expression of a single gene is suf-

 ethylene production in the absence of toxic intermediates
ever, biosynthetic technology for ethylene production is

 infancy, as the scalability and economy are far from being
ive with the mature petrochemical industry of ethylene.

ased polypropylene

ared  with polyethylene, polypropylene enjoys higher
al strength and heat resistance, and is almost equally used
s fields. As shown in Fig. 6, biomass can be converted
ased propylene by multiple processes, such as cracking,
on, fermentation, metathesis, and dehydrogenation [86].
e mainly comes from by-products of ethylene production

 cracking of hydrocarbons. By controlling reaction tem-
and catalysts, the yield of propylene could be optimized
larly, fluid-catalytic cracking (FCC) is a pathway to convert
bons into propylene using modified zeolites as catalysts

uccess in biobased methanol production provides an
ity for propylene synthesis, an approach called “methanol
ene” (MTP). MTP  technology was successfully developed
n 1990s. Recently, Zhang and coworkers developed a mod-
-5/SiC foam catalyst, which showed high activity and high
y for propylene production [89]. Other bio-alcohols, such
panol, ethanol, butanol, and glycerin, are also good candi-
propylene synthesis [90–92]. Biobased propylene could be

 by metathesis reaction of all biobased butylene and ethy-
eover, glycerol can be selectively converted to propylene

 action of highly efficient catalysts [93].

r biobased polyolefins

Fig. 7
perm

ucts
is st
ethy
olefi
dehy
1-bu
Besi
tetra
Simi
thro
sis, t
exam
onat
by E
rials

3.4.  

G
clea
adva
prac
Thus
olefi
olefi
be w
a lot
ing t
biob
be fa
cata
com
shou
tivit
met
reali

A
inco
a  big
of o
olefi
and 

bilit
ethy
ition to polyethylene and polypropylene, other poly-
ch as polybutylene, polybutadiene, and polyisoprene can
erived from biomass (Fig. 7). Although the main prod-

PE and a
could ado
olefins fro
and prop
esses of other bio-olefin production [20]. Copyright 2018. Adopted with
 from Multidisciplinary Digital Publishing Institute.

omass steam cracking are ethylene and propylene, there
small portion of other olefins [94]. Moreover, biobased

 and propylene can be converted into long-chain biobased
a metathesis. Likewise, such olefins can be synthesized via
ion of biobased alcohols. Dehydration of butanol leads to
. Isobutene can be obtained by isomerization of 1-butene.
iobased alcohols, itaconic acid can be converted to methyl
ofuran and subsequently to isoprene by dehydration [95].

 the ethylene biosynthesis, several olefins can be obtained
iological metabolisms. Compared with chemical synthe-

osynthesis of biobased alkenes is a promising method. For
 biobased isoprene can be obtained through the meval-
VA) and 5-methyl erythritol phosphate (MEP) pathways
[96]. Using biobased butadiene and isoprene as raw mate-
ased rubbers have been recently commercialized [97].

lenges and outlook

 the gigantic volume of petrochemical olefins, there is a
and on biobased polyolefins. One of the most important

es for the development of biobased polyolefins is the well-
 polymerization of olefins and processing of polyolefins.
st innovations reside on the preparation of biobased
nomers. Once natural resources are converted to biobased
e polymerization and processing in industrial scales can
hieved. However, the production of biobased olefins faces

hallenges. Increasing the yield from biomass and reduc-
roduction cost are most critical for the development of

 olefins. Choosing non-edible biomass as sources should
bly considered. The development of efficient and selective

 and greener procedures is indispensable to promote the
ialization of bio-olefins. It is obvious that future research
cus on the design of chemical catalysts with high selec-

 olefins. Microbial synthesis of olefins is a very promising
[98,99]. The discovery of new strains is the key step to
dustrial production.
g-standing challenge in the polyolefin industry is the
tibility between polyethylene and polypropylene, which is
dle for recycling of polyolefins. Regardless of the sources
, it is imperative to improve the processability of poly-
nds for promoting sustainability. Recent work by Coates
s demonstrated an approach to enhancing the compati-
E and PP [100,101]. They designed block copolymers of

 and propylene to reinforce the interface between PP and

llow blending of the two  polymers. Biobased polyolefins
pt similar strategies by developing block copolymers of
m renewable resources. It could include not only ethylene

ylene, but also other olefins such as isoprene, butylene,
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iene. One could also attempt the use of other copolymer
ions such as random copolymers.

chain aliphatic polymers

efins represent the most prominent synthetic polymers
sess aliphatic backbones. Compared with polyolefins,
polycondensates such as polyamides, polyesters, and
s have polar groups on the polymer main chain, which
nique properties such as degradability, compostability,
mpatibility. Usually, aliphatic polycondensates contain

wer linear carbon per repeating unit, where the polar
rgely determine physical properties. For example, the

 of amide groups provides polyamide 6 with excellent
and mechanical properties. However, high densities of
ups could induce high processing temperature and poor
istance.
is a growing incentive to develop long-chain aliphatic
s, polyamides and polyurethanes, which bridge the gap
conventional polyolefins and polycondensates. This class
ers has great potential in pursuing green bioplastics by
with renewable natural resources. The major approach is
e linear �, �-difunctional monomers, particularly encour-
ecent advances in catalytic conversions of plant oils. Plant
e of the most abundant renewable resources, which have

ely applied in oleochemical industry [102]. The main com-
f plant oils are triglycerides, a class of esters combining
nd various fatty acids (Fig. 8). Fatty acids make up about
e total weight of triglycerides. Various functional groups
mple possibilities for synthesizing polymers [102–104].

 invested major efforts in using plant oils as renewable
s [53,59,68,105–114]. Long-chain aliphatic polymers are
e most important fatty acid-based products. They pos-
ue structures and properties, which have been described

 reviews [115–117]. We  focus on how chemical design
cal processing improve material properties. This section is
to three major parts: (1) long-chain aliphatic polyamides,

chain aliphatic polyesters, and (3) long-chain aliphatic
anes.

-chain aliphatic polyamides

ides have been widely utilized in various fields such
ace, electronics, automobile, and clothing due to their

 mechanical and thermal properties [118,119]. However,
water absorption and poor low-temperature properties

 the application of traditional polyamides. Long-chain
es possess long aliphatic chain and low amide group

 [117]. At the same time, there is an increasing inter-
e development of biobased polyamides. Fatty acids are
y important biobased precursors to prepare long-chain
polyamides. As an example, polyamide 11 (PA 11) from
s has been commercially used for decades, which is syn-
via polycondensation of 11-amino-undecanoic acid [118].
hain aliphatic polyamides are mainly synthesized via

ensation of diamines and dicarboxylic acids or amino
. 9) [117,119]. In general, polyamides have high crystalline
s due to strong intermolecular hydrogen bonding between
ups, which dominates the formation of crystalline phases.
oints and mechanical properties of polyamides can be

via tuning the density of amide groups. For example, com-
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s such as PA 12 and PA 16 [119,121]. PA 15 can be also
ed from fatty acid [122]. Numerous attempts have been

 to prepare long-chain aliphatic polyamides with excellent
s and energy-economic processing conditions.
and coworkers designed a mild, clean process to syn-
olyamides via catalytic dehydrogenation of diols and

 [123]. A straightforward and efficient method to prepare
ong-chain polyamides from plant oils was  presented by
al. [124]. Polyamides with tunable properties could be

 via copolymerization of traditional monomers. Koning
rkers synthesized biobased semicrystalline polyamides

-state polymerization [125]. These polyamides have
e polarities and melting points.
troduction of functional pendant groups is an alterna-

hod to tune properties of polyamides with additional
es that most main-chain approaches lack of. Functional
es with alkyne groups in the main chain were presented
z and co-workers. Side groups can be further introduced

yne click reaction [126]. They extended thiolactone to AB
omers, which were converted into polyamides [127,128].
et al. prepared polyamides with pendant thiol groups
ions between bis(thiolactone) and diamines. The thiol
ere then reacted with various acrylates via Michael addi-
btain functional polyamides [129]. Another approach is
lticomponent reactions to prepare polyamides with dif-
e groups [130–133]. However, the development of high
r weight polyamides with functional side groups, tunable
ation, and excellent mechanical properties is still a chal-

sing can be well utilized to enhance properties of
 polymers. Recently, Wang, Tang, and coworkers com-
w chemical structures with unidirectional processing to
ultra-strong polyamide elastomers derived from castor

 10) [134]. A diene monomer possesses twenty linear
nd two amides. Thiol-ene addition polymerization was

ut. The presence of an additional hydroxyl group allows
ol of crystallinity, which can tune mechanical properties.
lyamides with an ultimate tensile strength at ∼ 200 MPa
ained, while maintaining good elasticity. Moreover, the

 of amide clusters of these elastomers led to aggregation-
mission (AIE) with strong luminescence. The mechanical
al properties and crystallinity of polyamides can be pre-

trolled by simple adjustment of feed ratios of monomers.

-chain aliphatic polyesters

 the promise of degradability and compostability, long-
hatic polyesters derived from fatty acid have attracted

 attention in recent years. Most of them were prepared
nsation polymerization of diols with dicarboxylic acids
rs, intrinsic hydroxycarboxylic acids, or ring-opening
zation of lactones, and ADMET polymerization (Fig. 11)
]. Long hydrocarbon chains in polyesters can promote
ation. Like polyamides, physicochemical properties can
justed via controlling the ester group density.

rizing alkoxycarbonylation is a useful method to prepare
lic acids from unsaturated fatty acids. C19 and C23 dicar-
cid monomers were prepared and polymerized by the
group [137]. These polyesters can be processed into a

ge of materials via injection molding, hot-press, and elec-
ng [138]. Olefin metathesis is another effective approach
ing long-chain aliphatic polymers from fatty acids [139].

chain polyester was prepared via olefin metathesis [139].
and coworkers synthesized polyesters from algae oil via
rification [140]. In addition, ADMET polymerization with
nt hydrogenation was  also used to synthesize long-chain
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Fig. 8. (A) A general structure of triglycerides, where R represents various fatty groups; (B) Fatty acids chemical structures: (a) vernolic acid, (b) linolenic acid, (c) linoleic
acid, (d) �-eleostearic acid, (e) oleic acid, (f) palmitoleic acid, (g) ricinoleic acid, (h) palmitic acid, (i) 10-undecenoic acid, (j) erucic acid.

Fig. 9. Conventional routes to prepare long-chain aliphatic polyamides.

Fig. 10. (A) Synthesis of functional polyamides with pendant groups via thiol-ene addition polymerization; (B) A proposed microstructure illustrates the alignment of
crystalline domains via unidirectional cyclic tensile deformation [134]. Copyright 2018. Adopted with permission from Nature Publishing Group.
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polyesters [141]. Ether and thioether were introduced
ain chain of polyesters to improve hydrophilicity [142].

 acid and sebacic acid were also mixed to prepare long-
yesters [143]. The resulting copolymers can be injection

oreover, long-chain polyester-based thermoplastic elas-
an be prepared, where the crystalline long methylene
ween ester groups can act as hard domains in phase-

 soft matrix [144].
onal polyesters with active side groups may  extend appli-

 polyesters. Bai and coworkers designed a highly effective
 strategy to synthesize functional polyesters with various
ps from castor oil at room temperature. Dicarboxylic acid
rs derived from 10-undecenoic acid were prepared via

 addition reaction. Then condensation polymerization of
nomers with dihalide monomers was conducted at room
ure using 1,1,3,3-tetramethyl guanidine as a promoter. By

 different dihalide monomers, functional polyesters with
de groups were obtained (Fig. 12) [145]. Moreover, a two-
egy was also developed to introduce epoxide groups and
ed double bonds into long-chain polyesters [146].
ng processing such as solvent casting, molding, injection,
rinting, polyesters can be processed into various prod-

 processing method could modify the properties of final
 products. Solvent casting is the most convenient method,
imited in a laboratory scale due to the use of mass organic
[147]. Moreover, organic solvents are not eco-friendly
us, it is unsuitable for large-scale processing. 3D print-
ong the most popular additive manufacturing in recent
ed deposition modeling (FDM) and selective laser sinter-

 are important technologies in 3D printing for products
issue engineering [148]. Compared with solvent casting,
ng technology not only eliminates the negative effect of
olvents, but also provides opportunities in manufacturing
ith complex shapes [149]. The SLS technique can be used

e materials with high mechanical strength and low poros-
ster materials with different mechanical properties can be
via tuning manufacturing parameters [149,150].

-chain aliphatic polyurethanes and others

ethanes are widely used in biomedical and packaging
ns due to their potential degradability and excel-
hanical properties. A green approach to preparing
anes from oleic acid and undecylenic acid was reported
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[151]. The yield of polyurethanes was  up to 99 %.
-chain polyamides, long-chain polyurethanes are usually
talline. The melting points also decrease with the increas-

 of the methylene chain between urethane groups.

4.4. Chal

The  c
added lo
liphatic polyesters.

yanates used in the production of polyurethanes are
onmentally benign. Thus, the development of a greener
on the preparation of diisocyanates is particularly
t. The Narine group reported the synthesis of 1,16-
atohexadec-8-ene and 1,7-heptamethylene diisocyanate
c acid via Curtius rearrangement [152,153]. Cramail and
rs reported a facile method to prepare fatty acid-based
ates (1-isocyanato-10-[(isocyanatomethyl)thio]decane
iisocyanatooctane) [154].

dition, there are many non-isocyanate approaches to
 polyurethanes, such as polyhydroxyurethanes and
r urethane) by reacting cyclocarbonate with amine
]. Polyurethanes from soft/flexible to brittle properties
ained via tuning molecular structures between urethane
eier et al. prepared renewable non-isocyanate based ther-

c polyurethanes via base-catalyzed Lossen rearrangement
condensation of dimethyl dicarbamates and diols [158].
anes with high molecular weight and excellent thermal
s were obtained. �, �-Diene urethane monomer synthesis
ET polymerization were applied to prepare polyurethanes
ng-opening polymerization of cyclic carbonate-methyl
s used to prepare poly(amide-hydroxyurethane)s from
(Fig. 13) [155]. Cyclic carbonate-methyl ester was  pre-

 epoxidation and carbonation of plant oil-based methyl
ate. This work provides the first example on linear
e-free polyurethanes with mechanical integrity and pro-
y. Moreover, AB-type monomers from ricinoleic acid were
prepare polyurethanes via self-polycondensation [160].
ype monomers from oleic acid and undecylenic acid
o used as raw materials to synthesize semicrystalline
anes, and various synthetic routes were carried out to
lyurethanes with desired molecular weight [161].

 long-chain aliphatic polyesters, polyamides, and
anes, a variety of polyureas, polyacetals, polycarbonates,

anhydrides were also synthesized from fatty acids and
ivates. It is not our intention to have an extensive elab-
n these materials, but to give a few examples. Cramail
orkers converted oleic acid into an AB type monomer
rbonate group and a hydroxyl group, which was then

zed via self-polycondensation to obtain long-chain
polycarbonates [162]. Mecking and coworkers converted
-derived �,�-diols into polyacetal directly via acetal

is polymerization [163].
lenges and outlook

onversion of natural abundant fatty acids into value-
ng-chain aliphatic polymers has been actively explored
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Fig. 12. Synthesis of functional polyesters with various side groups [145]. Copyright 2016. Reproduced with permission from American Chemical Society.
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orted without characterization of critical thermal and

al properties. Several key aspects need to be consid-
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rom fatty acids should be explored; high molecular weight
in aliphatic polymers are required to assess physicochem-
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al conclusions and future perspectives

nable polymers derived from renewable biomass have
s opportunities to replace or complement with some of
mical counterparts. Among them, lignin-derived poly-
aterials, biobased polyolefins, and long-chain aliphatic

 are being intensively pursued in both academia and
 Although some of the sustainable polymers, such as PA
been commercialized, the overall share of market is still
ll. In order to stimulate a sustainable economy, sustainable

 should grow at an outpacing speed to meet the ever-
g challenges. However, it cannot be achieved until the

 challenges are overcome. First, properties of biobased
 should be comparable or even better than commercial
. Second, the cost of biobased polymers should be more
ive. Two possible approaches are proposed as follows:
esize polymers or analogues to replace commercial poly-
terparts, such as polyolefins, from renewable biomass
er processes; (2) Design novel polymeric materials with
ructures, excellent performances, and innovative process-

rigins of biomass such as lignin, cellulose, and fatty acid
ost, readily available, and chemically modifiable. To obtain
lue-added or greener commodity products, how to take
e of unique chemical structures of renewable resources

 carefully considered for designing monomers and poly-
e rigid aromatic ring of lignin is a good candidate for
lassy polymers. Fluorescent materials can be obtained
le processing method from lignin due to the existing of
s [164]. More fundamental research on lignin’s molecular
s, chemical modification, polymer materials design and
essing methods is required to obtain high-value materi-

 acids contain reactive functional groups such as double
ydroxyl, and carboxyl. Thus, they are ideal candidates
ing long-chain aliphatic polymers. In part, long-chain
polymers are analogues to linear polyethylene due to the
of long methylene chains. More importantly, the func-
ups such as ester and amide endow them with special
s (polarity, degradability, compostability, etc.), which dis-
hem from polyethylene – they hence deserve attention.
nable polymers from biomass are an emerging subject
idly gaining more attention worldwide. Interdisciplinary
on within material science, biology, chemistry, bionics,
rials processing is of great importance. In the near future,
rogress of chemical synthesis, bio-refinery, and analytical

es, more active components from renewable resources can
ered and used as raw materials. It is expected that more
le polymeric materials with desirable properties will soon

 the marketplace.
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 Valorization of lignin in polymer and composite systems for advanced
eering applications–a review. Int J Biol Macromol 2019;131:828–49.

ur VK, Thakur MK,  Raghavan P, Kessler MR.  Progress in green polymer
osites from lignin for multifunctional applications: a review. ACS
in Chem Eng 2014;2:1072–92.
n BM,  Kasko AM.  Strategies for the conversion of lignin to high-value

eric materials: review and perspective. Chem Rev
;116:2275–306.
ers T, Van den Bosch S, Koelewijn SF, Schutyser W,  Sels B. Lignin-first
ass fractionation: the advent of active stabilisation strategies. Energy
on Sci 2017;10:1551–7.
uskas AJ, Beckham GT, Biddy MJ,  Chandra R, Chen F, Davis MF,  et al.
n valorization: improving lignin processing in the biorefinery. Science

;344:709–20.
, Tan MJ,  Chee PL, Chua YK, Yap YL, Loh XJ. Towards lignin-based
ional  materials in a sustainable world. Green Chem 2016;18:1175–200.
g C, Kelley SS, Venditti RA. Lignin-based thermoplastic materials.
SusChem 2016;9:770–83.

http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0005
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0010
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0015
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0020
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0025
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0030
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0035
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0040
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0045
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0050
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0055
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0060
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0065
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0070
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0075
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0080
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0085
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0090
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0095
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0100
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0105
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0110
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0115
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0120
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0125
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0130
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0135
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0140
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0145
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0150
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0155


12 olyme

[32] Kun 

appli
[33] Dohe

lignin
[34]  Näge

ARBO
fiber
lignin

[35]  Tran
therm
lignin

[36]  Nguy
path
susta
eaat4

[37] Dz Y
speci
Macr

[38] Liu H
Sci P

[39] Wan
gum
contr
2011

[40]  Yu J, 

mult
2015

[41] Hilbu
unive
mech

[42]  Shah
toug
lignin

[43] Huan
lignin
ARGE

[44] Wan
copo

[45]  Kim 

biom
Biom

[46] Gao G
ionic
Biom

[47] Qian
lignin
2-sw

[48] Kai D
lignin
self-h

[49] Kai D
and S
healt

[50]  Gupt
for p

[51] Gupt
rever
2014

[52]  Liu Z
star  c
susp

[53]  Xu Y
oil-d
polym

[54]  Liu X
chara
ligno

[55] Chun
rene
comp

[56]  Kai D
copo
ACS A

[57] Schm
polym
2017

[58]  Han 

lignin
[59] Yuan

elast
Susta

[60] Holm
gene
comp

 Holm
react
Polym

 Holm
meth
mate

 Wan
synth
ligno

 Firda
fatty

 Barb
and b

 Vlam
poly
inves

 Llevo
arom
Com

 Yuan
alcoh
2016

 Klett
and  f
2016

 Gioia
base
2018

 Amm
over
2011

 Boae
poly

 Feldm
 Math
mon

 Willi
for a

 Mors
 Zhan
2013

 Torre
synth

 Lefev
meth

 Ying
indu

 Kole
Kulu
zeoli

 Argu
Grow

 Glick
deam

 Roed
SAM
ACC 

Biol 

 Ecke
enzy

 Cava
prop
2007

 Ren 

ener
2006

 Jerm
ZSM
yield

 Jiao Y
mod
meth

 Bank
of  he

 Knift
isobu

 Kozl
alcoh

 Blass
glyce
2014
Z. Wang, M.S. Ganewatta and C. Tang / Progress in P

D, Pukánszky B. Polymer/lignin blends: interactions, properties,
cations.  Eur Polym J 2017;93:618–41.
rty WO,  Mousavioun P, Fellows CM.  Value-adding to cellulosic ethanol:

 polymers. Ind Crop Prod 2011;33:259–76.
le H, Pfitzer J, Nägele E, Inone ER, Eisenreich N, Eckl W,  et al.
FORM®-a thermoplastic, processable material from lignin and natural

s.  In: Hu TQ, editor. Chemical modification, properties, and usage of
. Berlin: Springer; 2002. p. 101–20.

 CD, Chen J, Keum JK, Naskar AK. A new class of renewable
oplastics with extraordinary performance from nanostructured
-elastomers. Adv Funct Mater 2016;26:2677–85.
en NA, Barnes SH, Bowland CC, Meek KM,  Littrell KC, Keum JK, et al. A

 for lignin valorization via additive manufacturing of high-performance
inable  composites with enhanced 3D printability. Sci Adv 2018;4,
967/1-15.

e, Jiang L, Ma  C, Zhang MH,  Zhang X. The graft polymers from different
es of lignin and acrylic acid: synthesis and mechanism study. Int J Biol
omol 2014;63:43–8.
, Chung H. Lignin-based polymers via graft copolymerization. J Polym

art A: Polym Chem 2017;55:3515–28.
g J, Yao K, Korich AL, Li S, Ma  S, Ploehn HJ, et al. Combining renewable

 rosin and lignin: towards hydrophobic polymer composites by
olled polymerization. J Polym Sci Part A: Polym Chem
;49:3728–38.
Wang J, Wang C, Liu Y, Xu Y, Tang C, et al. UV-absorbent lignin-based
i-arm  star thermoplastic elastomers. Macromol Rapid Commun
;36:398–404.
rg SL, Elder AN, Chung H, Ferebee RL, Bockstaller MR, Washburn NR. A
rsal route towards thermoplastic lignin composites with improved
anical properties. Polymer 2014;55:995–1003.

 T, Gupta C, Ferebee RL, Bockstaller MR,  Washburn NR. Extraordinary
hening  and strengthening effect in polymer nanocomposites using

-based fillers synthesized by ATRP. Polymer 2015;72:406–12.
g W,  Wu M,  Liu W,  Hua Z, Wang Z, Zhou L. Value-adding of organosolv
: designing mechanically robust UV-resistant polymeric glass via
T ATRP. Appl Surf Sci 2019;475:302–11.

g C, Venditti RA. UV cross-linkable lignin thermoplastic graft
lymers. ACS Sustain Chem Eng 2015;3:1839–45.
YS, Kadla JF. Preparation of a thermoresponsive lignin-based
aterial  through atom transfer radical polymerization.
acromolecules 2010;11:981–8.
, Dallmeyer JI, Kadla JF. Synthesis of lignin nanofibers with

-responsive shells: water-expandable lignin-based nanofibrous mats.
acromolecules 2012;13:3602–10.

 Y, Zhang Q, Qiu X, Zhu S. CO 2-responsive diethylaminoethyl-modified
 nanoparticles and their application as surfactants for CO 2/N

itchable Pickering emulsions. Green Chem 2014;16:4963–8.
, Low ZW,  Liow SS, Abdul Karim A, Ye H, Jin G, et al. Development of

 supramolecular hydrogels with mechanically responsive and
ealing properties. ACS Sustain Chem Eng 2015;3:2160–9.
, Chua YK, Jiang L, Owh C, Chan SY, Loh XJ. Dual functional anti-oxidant
PF enhancing lignin-based copolymers as additives for personal and
hcare products. RSC Adv 2016;6:86420–7.
a C, Sverdlove MJ,  Washburn NR. Molecular architecture requirements
olymer-grafted lignin superplasticizers. Soft Matter 2015;11:2691–9.
a C, Washburn NR. Polymer-grafted lignin surfactants prepared via
sible addition–fragmentation chain-transfer polymerization. Langmuir
;30:9303–12.
, Lu X, Xie J, Feng B, Han Q. Synthesis of a novel tunable lignin-based
opolymer and its flocculation performance in the treatment of kaolin

ension. Sep Purif Technol 2019;210:355–63.
, Yuan L, Wang Z, Wilbon PA, Wang C, Chu F, et al. Lignin and soy
erived polymeric biocomposites by “grafting from” RAFT

erization.  Green Chem 2016;18:4974–81.
, Zong E, Jiang J, Fu S, Wang J, Xu B, et al. Preparation and
cterization of Lignin-graft-poly (�-caprolactone) copolymers based on
cellulosic butanol residue. Int J Biol Macromol 2015;81:521–9.
g YL, Olsson JV, Li RJ, Frank CW,  Waymouth RM,  Billington SL, et al. A

wable lignin–Lactide copolymer and application in biobased
osites.  ACS Sustain Chem Eng 2013;1:1231–8.
, Zhang K, Liow SS, Loh XJ. New dual functional PHB-Grafted lignin
lymer: synthesis, mechanical properties, and biocompatibility studies.
ppl Bio Mater 2018;2:127–34.
idt BV, Molinari V, Esposito D, Tauer K, Antonietti M. Lignin-based
eric  surfactants for emulsion polymerization. Polymer

;112:418–26.
Y, Yuan L, Li G, Huang L, Qin T, Chu F, et al. Renewable polymers from

 via copper-free thermal click chemistry. Polymer 2016;83:92–100.
 L, Zhang Y, Wang Z, Han Y, Tang C. Plant oil and lignin-derived
omers  via thermal Azide-alkyne cycloaddition click chemistry. ACS
in Chem Eng 2018;7:2593–601.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]
[74]

[75]

[76]
[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]
berg AL, Stanzione IIIJF, Wool RP, Epps III TH. A facile method for
rating designer block copolymers from functionalized lignin model
ounds. ACS Sustain Chem Eng 2014;2:569–73.

[94] Amg
prod

[95] Abde
Rene
r Science 101 (2020) 101197

berg AL, Karavolias MG,  Epps TH. RAFT polymerization and associated
ivity ratios of methacrylate-functionalized mixed bio-oil constituents.

 Chem 2015;6:5728–39.
berg AL, Reno KH, Nguyen NA, Wool RP, Epps III TH. Syringyl
acrylate,  a hardwood lignin-based monomer for high-T g polymeric
rials. ACS Macro Lett 2016;5:574–8.
g S, Shuai L, Saha B, Vlachos DG, Epps III TH. From tree to tape: direct
esis of pressure sensitive adhesives from depolymerized raw
cellulosic biomass. ACS Cent Sci 2018;4:701–8.
us M,  Meier MA.  Renewable co-polymers derived from vanillin and

 acid derivatives. Eur Polym J 2013;49:156–66.
ara I, Flourat AL, Allais F. Renewable polymers derived from ferulic acid
iobased diols via ADMET. Eur Polym J 2015;62:236–43.
inck L, Lingier S, Hufendiek A, Du Prez FE. Lignin inspired phenolic

ethers synthesized via ADMET: systematic structure-property
tigation. Eur Polym J 2017;95:503–13.
t A, Grau E, Carlotti S, Grelier S, Cramail H. From lignin-derived
atic  compounds to novel biobased polymers. Macromol Rapid

mun 2016;37:9–28.
 L, Wang Z, Trenor NM,  Tang C. Amidation of triglycerides by amino
ols and their impact on plant oil-derived polymers. Polym Chem
;7:2790–8.

 AS, Payne AM,  Thies MC.  Continuous-flow process for the purification
ractionation of alkali and Organosolv lignins. ACS Sustain Chem Eng
;4:6689–94.

 C, Lo Re G, Lawoko M,  Berglund L. Tunable thermosetting epoxies
d on fractionated and well-characterized lignins. J Am Chem Soc
;140:4054–61.
ala A, Bateman S, Dean K, Petinakis E, Sangwan P, Wong S, et al. An

view of degradable and biodegradable polyolefins. Prog Polym Sci
;36:1015–49.
n NK, Hillmyer MA.  Post-polymerization functionalization of
olefins. Chem Soc Rev 2005;34:267–75.

an D. Polymer barrier films. J Polym Environ 2001;9:49–55.
ers RT. How well can renewable resources mimic  commodity

omers  and polymers? J Polym Sci Part A: Polym Chem 2012;50:1–15.
ams C, Hillmyer M.  Polymers from renewable resources: a perspective

 special issue of polymer reviews. Polym Rev 2008;48:1–10.
chbacker A. Bio-ethanol based ethylene. Polym Rev 2009;49:79–84.
g M,  Yu Y. Dehydration of ethanol to ethylene. Ind Eng Chem Res
;52:9505–14.
s Galvis HM,  de Jong KP. Catalysts for production of lower olefins from
esis gas: a review. ACS Catal 2013;3:2130–49.
ere J, Mullens S, Meynen V, Noyen J. Structured catalysts for
anol-to-olefins  conversion: a review. Chem Pap 2014;68:1143–53.

 L, Yuan X, Ye M,  Cheng Y, Li X, Liu Z. A seven lumped kinetic model for
strial catalyst in DMTO process. Chem Eng Res Des 2015;100:179–91.
snichenko NV, Yashina OV, Markova NA, Biryukova EN, Goryainova TI,
mbegov RV, et al. Conversion of dimethyl ether into C2-C4 olefins on
te catalysts. Pet Chem 2009;49:42–6.
eso CT, Hansen M,  Kieber JJ. Regulation of ethylene biosynthesis. J Plant
th Regul 2007;26:92–105.

 BR. Modulation of plant ethylene levels by the bacterial enzyme ACC
inase. FEMS Microbiol Lett 2005;251:1–7.
er S, Dreschler K, Wirtz M,  Cristescu SM, van Harren FJ, Hell R, et al.

 levels, gene expression of SAM synthetase, methionine synthase and
oxidase, and ethylene emission from N. suaveolens flowers. Plant Mol
2009;70:535–46.
rt C, Xu W,  Xiong W,  Lynch S, Ungerer J, Tao L, et al. Ethylene-forming
me  and bioethylene production. Biotechnol Biofuels 2014;7, 33/1-11.
ni F, Ballarini N, Cericola A. Oxidative dehydrogenation of ethane and
ane: How far from commercial implementation? Catal Today
;127:113–31.

T, Patel M,  Blok K. Olefins from conventional and heavy feedstocks:
gy  use in steam cracking and alternative processes. Energy
;31:425–51.
y BR, Siddiqui MAB, Aitani AM,  Saeed MR,  Al-Khattaf S. Utilization of
-5/MCM-41 composite as FCC catalyst additive for enhancing propylene

 from VGO cracking. J Porous Mater 2011;19:499–509.
, Fan X, Perdjon M,  Yang Z, Zhang J. Vapor-phase transport (VPT)

ification of ZSM-5/SiC foam catalyst using TPAOH vapor to improve the
anol-to-propylene (MTP) reaction. Appl Catal A 2017;545:104–12.
s RL, Kukes SG. New developments and concepts in enhancing activities
terogeneous metathesis catalysts. J Mol  Catal 1985;28:117–31.
on JF, Sanderson JR, Stockton ME.  Tert-butanol dehydration to
tylene via reactive distillation. Catal Lett 2001;73:55–7.

owski JT, Davis RJ. Heterogeneous catalysts for the guerbet coupling of
ols. ACS Catal 2013;3:1588–600.

 SD, Hermann RJ, Persson NE, Bhan A, Schmidt LD. Conversion of
rol to light olefins and gasoline precursors. Appl Catal A
;475:10–5.

hizar I, Vandewalle LA, Van Geem KM,  Marin GB. New trends in olefin
uction. Engineering 2017;3:171–8.
lrahman OA, Park DS, Vinter KP, Spanjers CS, Ren L, Cho HJ,  et al.
wable isoprene by sequential hydrogenation of itaconic acid and

http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0160
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0165
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0170
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0175
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0180
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0185
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0190
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0195
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0200
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0205
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0210
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0215
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0220
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0225
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0230
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0235
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0240
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0245
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0250
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0255
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0260
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0265
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0270
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0275
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0280
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0285
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0290
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0295
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0300
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0305
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0310
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0315
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0320
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0325
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0330
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0335
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0340
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0345
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0350
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0355
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0360
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0365
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0370
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0375
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0380
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0385
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0390
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0395
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0400
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0405
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0410
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0415
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0420
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0425
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0430
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0435
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0440
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0445
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0450
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0455
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0460
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0465
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0470
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475
http://refhub.elsevier.com/S0079-6700(19)30203-5/sbref0475


olyme

dehy
2017

[96] Wilso
alken
234/1

[97] Whit
Tech
isopr
Biote

[98] Wan
2013

[99] Rui Z
medi
2014

[100]  Xu J, 

isota
iPP–P

[101] Eaga
Com
PE/iP

[102]  Meie
alter

[103] Mon
resou

[104] Zhan
vege
2017

[105] Lamm
mech
entan

[106]  Lamm
deriv
beha

[107] Wan
oil-d
Macr

[108]  Wan
therm
via  T

[109]  Xu S,
atom
soyb

[110] Yuan
appr

[111] Yuan
plant
Macr

[112] Lamm
with
high 

[113] Song
nano
Macr

[114] Wan
appr
ACS M

[115] Ehre
polya
2003

[116]  De Te
micr
polym

[117] Stem
the g
polyc

[118] Meie
susta
Com

[119] Winn
appli

[120] Breh
edito
& Son

[121] Kolb 

polya
2014

[122] Wink
prep
acid 

[123]  Zeng
dehy

[124] Türü
polya

[125] Jasin
bioba

 Billie
polya
2012

 Espe
thiol
synth

 Goet
subs
rene

 Mom
synth
2014

 Wan
vario
2013

 Kaku
Int E

 Krey
polya
react

 Sehli
polya
react

 Song
polya
orien

 Geno
Biod
synth
2014

 Lv A,
of hi
polym

 Stem
mon
Macr

 Stem
polye
elect

 Trzas
polye
2011

 Roes
Synt

 Ortm
2013

 Gigli
nove
J App

 Shika
injec

 Stem
elast
Polym

 Li Q, 

synth
polye

 Yang
to bi
Biom

 Maka
cont

 Ye H
engin

 Do A
regen

 Duan
nano
engin

 Gonz
appr
Polym

 Hoja
polyu
chara
884–

 Hoja
from
polyu

 More
fatty
Z. Wang, M.S. Ganewatta and C. Tang / Progress in P

dra-decyclization of 3-Methyl-Tetrahydrofuran. ACS Catal
;7:1428–31.
n J, Gering S, Pinard J, Lucas R, Briggs BR. Bio-production of gaseous
es: ethylene, isoprene, isobutene. Biotechnol Biofuels 2018;11,
-11.

ed GM,  Feher FJ, Benko DA, Cervin MA,  Chotani GK, McAuliffe JC, et al.
nology update: development of a gas-phase bioprocess for
ene-monomer  production using metabolic pathway engineering. Ind
chnol 2010;6:152–63.
g W,  Lu X. Microbial synthesis of alka(e)nes. Front Bioeng Biotech
;1,  10/1-5.
, Li X, Zhu X, Liu J, Domigan B, Barr I, et al. Microbial biosynthesis of
um-chain 1-alkenes by a nonheme iron oxidase. P Natl Acad Sci USA
;111:18237–42.
Eagan JM,  Kim SS, Pan S, Lee B, Klimovica K, et al. Compatibilization of
ctic polypropylene (iPP) and high-density polyethylene (HDPE) with
E multiblock copolymers. Macromolecules 2018;51:8585–96.

n JM,  Xu J, Di Girolamo R, Thurber CM,  Macosko CW,  LaPointe AM,  et al.
bining polyethylene and polypropylene: enhanced performance with
P multiblock polymers. Science 2017;355:814–6.
r MA,  Metzger JO, Schubert US. Plant oil renewable resources as green
natives in polymer science. Chem Soc Rev 2007;36:1788–802.
tero de Espinosa L, Meier MAR. Plant oils: the perfect renewable
rce  for polymer science?! Eur Polym J 2011;47:837–52.
g C, Garrison TF, Madbouly SA, Kessler MR.  Recent advances in
table oil-based polymers and their composites. Prog Polym Sci
;71:91–143.

 ME,  Song L, Wang Z, Rahman MA,  Lamm B, Fu L, et al. Tuning
anical  properties of biobased polymers by supramolecular chain
glement. Macromolecules 2019;52:8967–75.

 ME,  Wang Z, Zhou J, Yuan L, Zhang X, Tang C. Sustainable epoxy resins
ed  from plant oils with thermo- and chemo-responsive shape memory
vior. Polymer 2018;144:121–7.
g Z, Yuan L, Ganewatta MS,  Lamm ME,  Rahman MA,  Wang J, et al. Plant
erived epoxy polymers toward sustainable biobased thermosets.
omol  Rapid Commun 2017;38, 1700009/1-6.
g Z, Yuan L, Trenor NM,  Vlaminck L, Billiet S, Sarkar A, et al. Sustainable

oplastic elastomers derived from plant oil and their “click-coupling”
AD chemistry. Green Chem 2015;17:3806–18.

 Lamm ME,  Rahman MA,  Zhang X, Zhu T, Zhao Z, et al. Renewable
-efficient  polyesters and thermosetting resins derived from high oleic
ean oil. Green Chem 2018;20:1106–13.

 L, Wang Z, Ganewatta MS,  Rahman MA,  Lamm ME,  Tang C. A biomass
oach to mendable bio-elastomers. Soft Matter 2017;13:1306–13.

 L, Wang Z, Trenor NM,  Tang C. Robust amidation transformation of
 oils into fatty derivatives for sustainable monomers and polymers.
omolecules 2018;48:1320–8.

 ME,  Li P, Hankinson S, Zhu T, Tang C. Plant oil-derived copolymers
 remarkable post-polymerization induced mechanical enhancement for
performance coating applications. Polymer 2019;174:170–7.

 L, Wang Z, Lamm ME,  Yuan L, Tang C. Supramolecular polymer
composites  derived from plant oils and cellulose nanocrystals.
omolecules 2017;50:7475–83.
g Z, Zhang Y, Yuan L, Hayat J, Trenor NM,  Lamm ME,  et al. Biomass
oach toward robust, sustainable, multiple-shape-Memory materials.

acro Lett 2016;5:602–6.
nstein M,  Smith P, Weder C, Polyamides X. 34: a new class of
mides with long alkane segments. Macromol Chem Phys
;204:1599–606.
n Hove CLF, Penelle J, Ivanov DA, Jonas AM.  Encoding crystal

ostructure  and chain folding in the chemical structure of synthetic
ers. Nat Mater 2004;3:33–7.

pfle F, Ortmann P, Mecking S. Long-chain aliphatic polymers to bridge
ap between semicrystalline polyolefins and traditional
ondensates. Chem Rev 2016;116:4597–641.
r MAR. Plant-oil-Based polyamides and polyurethanes: toward
inable nitrogen-containing thermoplastic materials. Macromol Rapid

mun 2019;40, e1800524/1-10.
acker M,  Rieger B. Biobased polyamides: recent advances in basic and
ed research. Macromol Rapid Commun 2016;37:1391–413.
mer B. Polyamides from biomass derived monomers. In: Kabasci S,
r. Bio-Based plastics: materials and applications. Hoboken: John Wiley
s Ltd; 2013. p. 275–93.

N, Winkler M,  Syldatk C, Meier MA.  Long-chain polyesters and
mides from biochemically derived fatty acids. Eur Polym J
;51:159–66.
ler M,  Meier MAR. Olefin cross-metathesis as a valuable tool for the

aration of renewable polyesters and polyamides from unsaturated fatty
esters and carbamates. Green Chem 2014;16:3335–40.

 H, Guan Z. Direct synthesis of polyamides via catalytic
drogenation of diols and diamines. J Am Chem Soc 2011;133:1159–61.

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]
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