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ABSTRACT

The chemistry of bismaleimides (BMIs), their blends and copolymers is reviewed critically with particular
emphasis placed on the development of the field after 1990, which was marked by several comprehensive
review articles. A general introduction to the structure property relationships of BMlIs is presented, outlin-
ing the development of the preparative chemistry, and the early strategies adopted to address the inherent
brittleness of the cured ‘first generation’ BMI polymers. ‘Second generation’, diallylbisphenol-toughened
BMIs, form the basis of the benchmark commercial systems, and the polymerization mechanism is dis-
cussed. The current review is placed in context, addressing the issues of cost, processing and precursor
toxicity, the major barriers to wider acceptance of BMIs. The main body of the review evaluates a number
of observations made by Dr Horst Stenzenberger in 1990, for the future development of BMI technol-
ogy. Hence, the synthesis of novel bismaleimide building blocks, incorporation of new thermoplastics
and additives, and blending with new thermosetting comonomers are all discussed in detail. The afore-
mentioned review had been written before the concept of nanocomposites or smart polymers had been
explored with BMIs, but the fields have since grown (especially in the case of the former topic) and are
reviewed herein. The application of BMIs to continuous fibre composites is one of the proposed fields of
commercial development. The topic falls a little beyond the scope of the present review of BMI chem-
istry, and is the subject of another publication, but a brief discussion of the most recent developments is
presented. The review is concluded with some thoughts about the future outlook for BMI chemistry.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction to BMI chemistry

Bismaleimide (BMI) resins are a family of high performance
thermosetting polymers that possess a range of attractive prop-
erties for industrial applications, particularly in the aerospace
materials sector. BMI monomers (the general structure is outlined
in Fig. 1) are molecules that are terminated by two maleimide func-
tional groups, often containing multiple aromatic moieties in order
to enhance their cured properties. Typical properties associated
with cured BMI systems include high (dry) glass transition temper-
atures (230-380°C), good hot-wet performance, constant electrical
properties and low flammability (Table 1).

Since the initial synthesis of difunctional monomers in 1975 by
D’Alelio [2], the technology of these systems has developed signifi-
cantly to the point that BMI resins are now leading contenders in the
field of advanced thermosets. It is clear from Fig. 2, that BMIs occupy
a specific niche in the high performance polymer spectrum, com-
bining some of the high temperature properties of thermosetting
polyimides with the facile processability of the industry standard
epoxy resins.

A consideration of both performance and cost places BMIs
squarely between epoxy resins and cyanate esters, potentially fill-
ing a niche that epoxies fail to occupy at a price that is competitive
with lower performance (difunctional) cyanate esters (Table 2). The
prices given should be treated with caution, not only because they
are derived from different sources, spanning some fourteen years
in a volatile market, but monomer prices are notoriously difficult
to quantify. This is particularly true of niche products since they
are influenced by a number of factors e.g. strategic pricing, market
penetration, strategic partnering, etc. Nevertheless, each source is
self-consistent so the relationships between the different competi-
tor resins give reasonable guidance.

1.1. Historical perspective

The interest in BMIs, from both a scientific and technical view-
point, surged worldwide throughout the 1980s with numerous
research articles published from several well-established groups,
each reporting a number of increasingly exotic ‘first generation’

N—R——N

Fig. 1. General structure of a bismaleimide monomer, R=alkyl or aryl.

Table 1
Typical cured BMI properties (shown for bis(4-maleimidophenyl)methane a first
generation, untoughened BMI, [1]).

Property Cured BMI value
Colour Brown

Glass transition temperature (°C) 342

Tensile strength (MPa) 40-80

Tensile modulus (GPa) 4.1-4.8

Fracture energy (Jm~2) 25-34

BMiIs. The synthesis of these monomeric building blocks is compar-
atively straightforward and several routes are available [9-11]. In
the most commonly-used route, the appropriate diamine is treated
with two equivalents of maleic anhydride in the presence of acetic
anhydride and sodium acetate to effect dehydration and cyclisa-
tion of the resulting maleamic acid (Fig. 3) [12]. DMF is used as the
solvent in this reaction.

As a consequence, the backbone structure of a BMI can be readily
tailored to produce materials with different properties. The ver-
satile maleimide functional groups are able to undergo a range
of useful, addition-type chemical reactions including ene-Alder,
Diels-Alder, Michael addition and free-radical reactions depending
on the other species present in the reaction mixture. An advantage
to these reactions is that they do not produce volatiles, thus limiting
void formation in the resin. The molecules are also able to undergo
homopolymerisation at high temperatures (in excess of 180°C),
resulting in the production of highly crosslinked three-dimensional
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Fig. 2. Comparative properties of advanced resins (redrawn from [3]). Key: UPE = Unsaturated Polyester, PPS = poly(phenylene sulphide), PEEK = poly(ether ketone).

Table 2
Representative prices of competitor resins.
RESIN AUD/kg in 2006 [4] £/kg in 2001 [5] $/lb in 2015 (CF prepreg) [6] € litre in 2004 [7] $/Ib in 2002 [8]
Epoxy 34 2-15 70 4-10 5
BMI 5.0 >50 75 - -
Cyanate - 40 - 24-60 50
Polyimides 1900 >80 - 80-260 100

networks. The high degree of crosslinking is responsible for the
excellent elevated temperature performance of these materials,
however it is also the reason behind the biggest drawback asso-
ciated with BMIs: the cured polymers are brittle, with low fracture
toughness. While this is also the case for many other thermosets,
such as multifunctional epoxies, the issue is exacerbated in BMIs
by the presence of polar carbonyl groups, which leads to ordered
stacking of the polymer chains and less opportunity for energy

dissipation [13]. Consequently, the drive to reduce the inherent
brittleness of BMIs features strongly in many published research
studies.

1.2. Conventional ‘first generation’ BMI systems

Since the initial publications concerning thermosetting bis-
maleimides there have been a vast array of different monomers and
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Fig. 3. Typical synthetic mechanism for commercial BMIs.

Table 3

Representative experimental monomers and selected physical properties (Mp = melting point).
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reactive systems investigated. For example, in 1990, Stenzenberger
listed some thirty or more experimental monomer systems with
representative physical properties [14] Representative examples
of the most commonly researched monomers are given in Table 3
with selected properties of interest.

The simplest strategy, which was pursued in many stud-
ies during the 1980s [15-17], involved increasing the distance
between the maleimide rings (often in the form of 1,4-disubstituted
aromatic rings bridged with ether, sulphonyl or isopropylidene
moieties) thus decreasing the crosslink density whilst increasing
rotational freedom in the monomer. However, while the approach
certainly yielded polymers of high thermal stability and elevated
char yields compared with the lower molecular weight monomers,
which contain lower proportions of aromatic carbon, it was not
particularly successful in tackling brittleness, the Achilles’ heel

of the BMI. An extension of this method was to produce a BMI-
terminated aspartimide adduct based on the rapid Michael addition
reaction of a diamine with two equivalents of BMI (although
the exact stoichiometry governed the length of chain between
crosslinks) [18]. Although not a ‘classical’ linear polyaspartimide,
the materials clearly have their roots in the pioneering work of
Crivello during the 1970s [19]. This synthetic method was basis of
early commercial BMIs such as Kerimid 601 (marketed by Rhone
Poulenc) (based on bis(4-maleimidophenyl)methane, BDM, and
bis(4-aminophenyl)methane) (also known as methylene dianiline
or MDA) (Fig. 4) [20]).

Whilst some improvements in fracture toughness were
observed (increasing by over 100%), the inclusion of succinimide
rings and secondary amine moieties led to less thermally sta-
ble polymers with lower glass transition temperatures (Tg =260 °C



RJ. Iredale et al. / Progress in Polymer Science 69 (2017) 1-21 5

Fig. 4. Structure of commercial BMI (Kerimid 601 and Compimide 200).
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Fig. 5. The structures of 4,4'-bismaleimidodiphenyl methane (top) and diallyl-
bisphenol A (bottom), the most common constituents of BMI systems.

would be typical for cured Kerimid 601). The residual free MDA
in Kerimid 601 was around 6-12% and was a cause of significant
concern since MDA is considered a potential occupational car-
cinogen by the US National Institute for Occupational Safety and
Health and classified by the ECHA as a ‘substance of very high con-
cern’ (SVHC) and placed on the authorisation list. The Occupational
Safety and Health Administration has set a permissible exposure
limit at 0.01 ppm over an eight-hour time-weighted average, and a
short-term exposure limit at 0.10 ppm [21], making it increasingly
difficult to market MDA-based commercial products. Nevertheless,
the basic approach has stood the test of time and Compimide 200
is based on the same chemistry and structures, but is significantly
more refined with a dramatically reduced MDA content (<0.1%).

The high melting temperature of BMI monomers, which
are typically crystalline due to the strong interaction between
carbonyl groups in the imide rings, provides a processing chal-
lenge. Compimide 353 was developed in order to address this
[22]. The low melting, amorphous resin blend comprises bis(4-
maleimidophenyl)methane (55%), 1,5-bismaleimidotoluene (30%),
and 1,6-bismaleimido-2,2’-dimethyl-4-methylhexane (15%) and
displays low viscosity at 110 °C. The reactivity of this system was
studied in detail by Pritchard and Swan [23]. Whilst the base
polymer blend was not especially tough, it was formulated for com-
bination with reactive toughening agents, e.g. Compimide TM123,
which contain alkenyl moieties and are addressed in a subsequent
section of this review. Furthermore, this concept has been taken
forward further with the incorporation of thermoplastic toughen-
ing agents [24], since the low viscosity of such systems aids their
processing.

1.3. Second generation ‘toughened’ BMI systems

The majority of reports concerning both academic research
and industrial development have centred around the combina-
tion of BDM and diallylbisphenol A (DABA), originally marketed
by Ciba Geigy as Matrimid 5292 (Fig. 5) [25], which can now be
viewed as the benchmark BMI system against which all others are
compared. This situation has arisen due to the superior tough-
ness, temperature performance and processability compared to

R R

l

N

Bl

Fig. 6. Hypothesised mechanism of the ene reaction that is thought to occur
between allyl and maleimide groups (N.B., half of each molecule shown).

the aforementioned ‘first generation’ BMI systems, as well as the
availability and comparatively low cost associated with the two
monomers [22].

The reaction between BMI monomers occurs by a thermally-
initiated free radical reaction between the double bonds of adjacent
molecules, leading to a high degree of crosslinking. This has long
been known to be the mechanism of reaction for homopolymeri-
sation, but the situation becomes increasingly complex upon the
addition of groups with different functionalities such as DABA [26].
Throughout the 1990's, a number of detailed investigations into the
cure characteristics of BDM/DABA were carried out using infrared
(IR) spectroscopy and differential scanning calorimetry (DSC). It
has been observed that the principal reaction occurring in this
blend is an alternating copolymerisation between the two different
monomers (Fig. 6), with homopolymerisation of the BMI units only
occurring in the initial stages of the reaction at higher temperatures
(i.e. above 200°C) [27].

This is evidenced by the occurrence of an almost 1:1 consump-
tion ratio between characteristic IR signals for both BMI and DABA
allyl groups. Crosslinking then proceeds by chain extension reac-
tions between the newly formed 1-propen-1-yl groups and BMI
monomers, in parallel with the ene reaction [28]. It is thought that
the reaction between these two groups proceeds down a path-
way with a lower activation energy than BMI homopolymerisation,
therefore allowing it to proceed at lower temperatures, and more
rapidly. This theory is further backed up by both fluorescence and
UV spectroscopic techniques, which show an initial increase in
propenyl signals that then decrease as the reaction proceeds [29].

It was initially thought [30] that the ‘ene’ reaction was followed
by a Diels-Alder reaction between the newly formed di-ene and a
maleimide group, a strong dienophile (Fig. 7). However, based on
the rates of consumption of the different functional groups it has
been shown that this does not occur in the polymerising system,
probably due to steric hindrance [28]. Comparing results with a
model system using monofunctional monomers, where the Diels-
Alder reaction has been shown to take place, confirms this theory.

Another reaction that occurs during cure is the condensation of
the DABA hydroxyl groups to form ether linkages. Interestingly, this
reaction only occurs in the presence of the BMI comonomer; when
DABA is homopolymerised there is no evidence of dehydration
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Fig. 7. Hypothesised mechanism of the Diels-Alder reaction originally thought to succeed the ene reaction (N.B., half of each molecule shown).
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Fig. 8. Structure of reactive modifier Compimide TM123.

up to 250°C. This can be potentially problematic for two reasons.
Firstly, this reaction leads to the evolution of water, increasing
the risk of bubbles or voids forming in the cured material, which
is a particular problem for reinforced composites. Secondly, the
conversion of this reaction during standard cure cycles is often
low (~50%) [31]. If the cured material is then used extensively at
elevated temperatures, further curing can slowly take place and
decrease the toughness of an already brittle system.

While this system is now very well characterised, there is a
raft of new and modified systems available. A similar ‘reactive
diluent’ concept has also been applied to propenyl-substituted
comonomers, which are able to react with bismaleimides via Diels-
Alder addition [32]. A commonly used example of such a molecule
is 4,4'-bis(2-(1-propenyl)phenoxy)-benzophenone (marketed by
Evonik as Compimide TM123, Fig. 8), which imparts improved pro-
cessability and toughness at the cost of a decrease in Tg.

The alkenyl-based chemistry (involving ene-Alder or Diels-
Alder reactions) still forms the basis for the most successful and
best-established commercial toughened BMI systems. While the
hypothesised nature of the co-reaction mechanism has altered over
time with the release of more research studies, the resulting copoly-
mers are undoubtedly the bench mark BMI against which modern
BMIs must be measured.’

1.4. Background to the present review

The outpouring of work during the 1980s encompassed an
extremely dynamic period of synthetic chemistry and culmi-
nated in a series of excellent reviews by Stenzenberger [14,33],
who concisely summarised the early progress in the area. These
reviews outlined a number of fundamental aspects on which future

chemists and technologists would need to focus if BMIs were to
develop and become a commercially acceptable standard. These
aspects were mainly based around the synthesis of new monomers,
blends and systems in order to improve upon the biggest draw-
back of BMIs, namely their poor toughness, without sacrificing their
advantageous properties and processing characteristics. It is the
authors’ intention to evaluate the development of BMI chemistry
during the intervening twenty-six years according to the predic-
tions of Stenzenberger, which are outlined in this review. These
research routes can be broken down into three main categories:
synthesis of novel bismaleimide building blocks; incorporation
of new thermoplastics to improve toughness; blends with new
thermosetting comonomers and each will be addressed below.
Additionally, the more recent fields of nanocomposites and smart
materials are discussed, along with research on BMI matrix com-
posites.

2. Development of novel BMI monomers

Perhaps the most obvious method for introducing new or
refined properties into conventional BMI systems is to alter the
monomer’s chemical structure. In theory, the backbone structure
between the two reactive maleimide groups can be readily altered
either by modification of existing diamines or by using different
starting materials to yield exotic structures. There are numerous
examples in the literature of new monomers being synthesised
with the aim of improving a particular performance aspect of BMIs,
which are outlined in this section of the review.

2.1. Improving toughness in cured BMIs

The drive to produce resins with superior toughness has led to
numerous attempts to alter monomer structure to reduce the brit-
tleness of the cured materials. This can be achieved by two means.
Firstly, as has been described previously, the crosslink density of
the cured material can be decreased by increasing the molecular
weight of the monomer, or the distance between the two func-
tional end groups using chain extenders such as diamines [34]. The
second option is to introduce more flexible linkages into the net-
work structure, usually undertaken by incorporating ether groups

Fig. 9. Structure of 2,2'-bis[4-(4-maleimidophen-oxy)phenyl)]propane (BMPP).
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Fig. 10. Structure of 3-(allyloxy)-2-hydroxypropyl 4-maleimidobenzoate.
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Fig. 11. The structure of xylylenediamine based BMI.

into the monomer backbone (Fig. 9) [16,35]. As expected these
modifications lead to an increase in the energy absorbing ability
of the materials due to a greater degree of molecular freedom,
thus resulting in improved impact performance. However, this
increased flexibility inherently leads to a lowering of the glass tran-
sition temperature of the polymer and a reduction in modulus. This
means that the benefit of using BMIs is impacted, bringing the per-
formance of the material closer to the cheaper, industry standard
epoxies.

This strategy has proved to be successful to the point that
2,2'-bis[4-(4-maleimidophen-oxy)phenyl)]propane (BMPP) is now
a commercially available monomer containing ether groups. Mix-
ing this monomer into the conventional BDM/DABA system leads to
the formation of a material with promising properties [36]. Firstly,
rheological characterisation showed that the uncured blend main-
tains a low viscosity over a wide temperature range (100s-180°C),
meaning that the material has a broad processing window but with
no change in curing temperature. Moreover, the impact strength
and fracture toughness (both K¢, the critical stress intensity factor,
and Gy, the critical strain energy release rate) are increased whilst
a glass transition temperature (Tg) of 298 °C is maintained in the
best performing variant.

In 2001, an attempt was made to improve upon the success-
ful BDM/DABA resin system by incorporating the features of both
components into a single monomer (3-(allyloxy)-2-hydroxypropyl
4-maleimidobenzoate Fig. 10) and thus simplify the system [37].
This was achieved by using epoxy chemistry to produce a build-
ing block containing a maleimide group, an allyl group and ether
linkages. However, the material proved ineffective due to a lack
of processability and poor moisture resistance characteristics, as
might be expected due to the presence of a hydrolysable ester group
and multiple heteroatoms.

2.2. Improving processability of BMI monomers

Evsyukov et al. were interested in producing materials with
improved processability while reducing the reliance on monomers
that are either toxic themselves or are fabricated from toxic pre-
cursor diamines [38]. They converted m-xylylenediamine into a
BMI monomer (Fig. 11) using the conventional ‘maleic anhy-
dride’ synthetic method (Fig. 3). This diamine is attractive due
to its short, aromatic backbone, ready availability (thanks to
its application as an epoxy curing agent) and the fact that it
is comparatively non-toxic. It was found that the cured BMI
based on this molecule possessed similar mechanical properties
to 4,4’-bismaleimidodiphenylmethane but with significantly lower

e¥e
S0
00

)

Fig. 12. Fluorenyl cardo (top) and phthalide (bottom) groups that have been incor-
porated.

viscosities enabling easier processing. The drawback to the new
monomer is that it led to a lowering of the final Tg of the polymer
network, however it was still greater than 270°C.

Another route for improving the processability is to introduce
bulky, soluble side groups into the monomer backbone to enable
dissolution in industrially acceptable solvents and to lower the
material’s melting point. It is important that such modifications
to the monomer do not impact on the thermal or mechanical per-
formance of the system and, consequently, highly aromatic side
groups e.g. fluorenyl cardo groups (Fig. 12) [39,40] tend to be of
interest.

A BMI monomer containing both fluorenyl cardo and aryl ether
linkages was found to be soluble in a range of solvents includ-
ing acetone, toluene and dichloromethane (DCM). Additionally, the
thermal decomposition temperature of the cured material was over
400 °C, however no information was given with regards to the Ty
or mechanical properties of the cured resin [41]. A similar solu-
bility was observed for a range of BMI monomers containing the
phthalide moiety, but it was found to have a high melt viscosity and
cure temperature, therefore adversely affecting processability. A
further study blended one of these monomers (dubbed PPBMI) with
BDM/DABA [42]. When the PPBMI/MDM/DABA ratio was 3:7:2.61,
aresin with excellent properties was obtained. This material could
be cured with a conventional cure cycle, had a dry Tg 0f 292 °C, and
outperformed the standard MDM/DABA mixture in terms of impact
strength, water absorption and flexural modulus. Tertiary butyl
substituents have also been used to widen the processing window
[43]. Adding a 'Bu group to the phenyl ring of a BMI monomer back-
bone led to the lowering of the melting point by 120°C, and at the
same time lengthening the processing window from 1°C to 71 °C.
There was, however, a 30 °C reduction in the softening temperature
of the resin.

More recent work has begun to look at the synthesis of asym-
metric monomers as a way to reduce the melting points of uncured
BMI systems, however this work is still in its infancy [44].

2.3. Improving high temperature performance of cured BMIs

The vast majority of BMI monomers contain aromatic groups
in order to impart thermal stability and stiffness to the three-
dimensional network. Wang et al. suggested that these properties
might be improved, along with moisture absorption and chemi-
cal resistance characteristics, by incorporating naphthalene groups
into BMI monomers as either ‘in chain’ as part of the backbone,
or as a pendant group (Fig. 13) [45,46]. In the case of the ‘in
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Fig. 13. Examples of BMI monomers that feature naphthalene moieties in their structure.
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Fig. 14. Oxadiazole containing BMI monomer.

chain’ monomer, it was found that the T of the material was
improved compared to a phenyl-substituted analogue, and the
processing window was widened thanks to lower melting tem-
peratures. Monomers with a naphthalene side group produced
polymers with high Tg and thermal stability. The toughness of these
polymers is not mentioned in either instance, although it might
be expected that these modifications to the monomer may lead
to decreases in the impact resistance due to the rigidity of the
naphthalene group.

Similarly, there are several examples of monomers that have
been produced containing 1,3,4-oxadiazole moieties (Fig. 14) to
produce similar performance improvements [47]. The synthesis of
monomers containing this thermally and chemically stable group,
which has also been examined in epoxy chemistry [48], enabled
the production of processable polymers with no observable Tg up
to 400°C and an onset of thermal degradation over 490 °C. Again,
the toughness of this system was not reported.

There is generally less overt pressure to improve the thermal
resistance of BMIs since the initial degradation temperatures and
char yields are high, however it is axiomatic that for the devel-
opment to find commercial acceptance, improvements in thermal
stability must be matched by commensurate increases in fracture
toughness without compromising processability.

2.4. Improving flame resistance in cured BMIs

During the 1980s, a number of studies by IK Varma et al.
explored organophosphorous BMIs, generally based on lower
molecular weight, bisphenyl based, BMIs [49]. Among other groups,
these incorporated phosphoryl ester moieties. Since the turn
of the 21st century, the legislative environment has changed

O

significantly with bans placed on many halogenated flame retar-
dants (FRs) by both the USA and the EU leading to a much
greater interest in phosphorus based additives [50]. In a recent
study, researchers incorporated a more widely used phosphorus
based, flame retardant, aromatic moiety (9,10-dihydro-9-oxa-
10-phosphaphenanthrene-10-oxide, DOPO) into a BMI monomer
(Fig. 15) [51]. It was hoped that this would improve the materi-
als flame resistance and increase the solubility of the monomer
in low-boiling (and less harmful) solvents, all while maintaining
the desired thermal, electrical and mechanical performance. Again,
the monomer was prepared by imidising an appropriate diamine
using maleic anhydride and the conventional route. It was found
that the new monomer was readily soluble in a range of common
organic solvents including acetone and 1,4-dioxane, enabling it to
be processed without the need for the traditional harmful solvents.
Interestingly, the DOPO-BMI molecule did not exhibit a melting
point, instead going through a glass transition at around 135°C.
This suggests that the material forms an amorphous glass rather
than a crystalline solid as is the case with the majority of tradi-
tional bismaleimide monomers. The new monomer improved the
char yield in air when incorporated into a thermoset from 1.8 to
50% at 700 °C, whilst maintaining a high Tg of over 300°C.

Similar investigations have been undertaken where the DOPO
molecule is added as a separate resin component, rather than as
part of the monomer structure [52]. This approach reduces the
complexity of the synthesis of the reactants. DOPO is able to bond
covalently to BMI groups via a Michael addition reaction, how-
ever this results in a decrease in the materials crosslink density
and hence its Tg. The positive aspect of this system is that the heat
release rate and char yield are greatly decreased and increased,
respectively, compared to the unmodified BMI. This improvement
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Fig. 15. The chemical structure of a DOPO containing BMI monomer designed to impart improved flame retardency to the resin.
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Fig. 16. The chemical structure of a phosphoryl ester containing monomer designed
to impart improved flame retardancy.

coincides with a significant reduction in dielectric constant and loss
(from 3.25 to <3.00 and 0.01 to 0.003, respectively, at 107 Hz), which
is particularly useful for electronic applications. It was also found
that when this DOPO-modified BMI resin was used in a composite,
there was improved adhesion at the fibre resin interface lead-
ing to improved mechanical properties such as interlaminar shear
strength (ILSS), which increased from 11 to 22 GPa[53]. Li et al. pro-
duced an alternative phosphorus-based, flame retardant monomer
designed for use in BMIs that contained allyl groups (Fig. 16) capa-
ble of reacting in the same way as DABA [54]. They observed that
this monomer increased the charyield at 800 °C(from 23.5t0 36.5%)
and limiting oxygen index (LOI, from 26.3 to 34.7) of the BDM/DABA
system, but also led to reductions in impact and flexural strength
of 20.4% and 13.6% respectively.

This is an area that will only increase in importance in the years
to come. The proposed use for BMIs and their blends in thermally
critical areas, particularly within enclosed interiors, means that
the use of non-halogenated FRs will be employed to improve FST
(flame, smoke and toxicity) behaviour.

2.5. Low modulus BMIs

While the majority of BMI systems are targeted at applications
in which strong mechanical properties, such as high modulus, are
required, there is also requirement for lower modulus materials.
This is especially true in some electronic packaging applications,
where the shrinkage of stiff BMIs after cure can lead to warping
of substrates and hence part failure. One solution to this issue is
the replacement of the highly aromatic backbones in conventional
BMIs with aliphatic structures [55]. An example of such a structure
is the incorporation of the ‘Czg’ group shown in Fig. 17. By com-
bining this group with aromatic imide extenders, a BMI monomer
with thermal stability (thermal decomposition temperature (Tq)
>400°C), low modulus (<500 MPa) and low cure shrinkage is pro-
duced. This structure also imparts the added benefit of reducing the
moisture uptake of the cured resin. Molecules such as this are now
being incorporated into commercial systems by Hitachi Chemical
Company Ltd.
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Fig. 18. Chemical structures of potential DABA alternatives: mDABA (left) and
TmAIC (middle), and additive allylmethylphenol (right).

This is a very exciting development as it offers the opportunity
to introduce reactive toughening agents, albeit with a Tg penalty,
without apparently compromising the thermal stability behaviour
of the cured BMI blend.

2.6. DABA alternatives and additives

lijima et al. investigated using dimethylated DABA (mDABA)
(Fig. 18, left) as well as a triallyl isocyanurate (TmAIC) molecule
(Fig. 18, middle) as potential alternatives or supplements that
might alter the properties and performance of the conventional
BDM/DABA system [56]. The inclusion of mDABA led to increases in
fracture toughness (from 0.62 to 1.02 MPam'/2) and flexural mod-
ulus (from 4.02 to 4.29 GPa), however there was a large negative
impact on the Tg of the resin (a drop of 118 K was observed). The
use of TmAIC led to a system that exhibited retention of Tg and flex-
ural properties alongside a modest 15% increase in K¢ (achieving
0.71MPam'/2), It was reported that control over resin proper-
ties was readily achieved using different reagent stoichiometries.
Aijuan et al. added allyl methyl phenol (Fig. 18, right) as an addi-
tional allyl component in order to further reduce the viscosity of the
resin to render it suitable for processing via resin transfer mould-
ing (RTM) [57]. It was found that the viscosity of the system was
sufficiently low to enable injection whilst maintaining a long pot
life (=12 h at 75°C) as well as fast gel times (50s at 200°C). This
was all achieved alongside a cured Tg of 266 °C.

Fig. 17. The structure of a C3g containing BMI monomer (n~3).
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Table 4
Representative bio-based BMIs with selected properties when blended with BDM.
Modifier Ratio of | T (°C) | Ts% (°C)
monomer
to BDM
173 >400 481
1/3 336 431
1/2 141 441
1/4 150 468
1/1 365 479
(T10%)
2/5 340 450
(T1o%)
1/3 377 478
173 365 447

Key: Ty =dry glass transition temperature of cured resin, Tsy = temperature at which 5% mass loss recorded, T;ox = temperature at which 10% mass loss recorded.

Other DABA alternatives have been developed with the aim tris(2-allylphenoxy)triphenoxycyclotriphosphazene to enhance
of improving multiple properties simultaneously. One example the flame retardancy at the same time as improving the process-
of this is the work undertaken by Sunitha et al. who used ability and toughness of the system [58]. The materials produced
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exhibited improved char yield and thermal erosion whilst achiev-
ing a Tg between 240 and 250°C [59].

More recently, Wang et al. produced a series of carbonyl con-
taining di- and tri- functional allyl containing monomers and used
them as BDM modifiers [60]. These blends cured at lower tempera-
tures than the BDM/DABA system and exhibited higher char yields
at 800 °C, with yields as high as 58 wt% compared to 27 wt% for the
reference system. There was also an improvement in dielectric con-
stant at 10 GHz, from 3.10 to 2.86. This strategy for producing new
BMI systems has also caught the eye commercially, with Designer
Molecules Inc. having recently taken out a patent covering a large
number of di-allyl compounds to be used as BMI co-monomers [61].

2.7. BMI co-monomers derived from naturally occurring
feedstocks

In the drive for more ecologically sustainable methods of pro-
ducing composite materials, interest has turned to biological or
naturally occurring systems as matrix precursors [62]. This has led
to the incorporation of these types of molecules into BMI systems.
Shibata and co-workers have been at the head of this field, combin-
ing various, organically-derived modifiers containing unsaturated
C&9552;C bonds with BDM to produce high performance ther-
mosets. These bio-based molecules have been produced from a
range of different vegetable and plant oils [63-71]. The best per-
forming materials in each of these studies, in terms of temperature,
are summarised in Table 4. As expected, the molecules containing
long aliphatic chains caused a large reduction in Tg and as such their
use is not as appealing as the small molecule eugenol and terpine
variants, which all show promising temperature performance. A
significant amount of work remains to be undertaken in the area, as
important properties such impact resistance and water absorption
have yet to be reported. Furthermore, these blends require harsh
mixing and curing conditions compared to industrial standards in
terms of temperature, so the processability needs to be considered
as these materials are taken forward.

3. Thermoplastic modified BMIs

The incorporation of thermoplastics into thermoset systems is a
recognised method for reducing their inherently brittle nature and
therefore improving their fracture toughness [72,73]. Unlike ther-
mosets, thermoplastics do not contain crosslinks between adjacent
polymer chains, meaning that plastic flow and energy dissipation
are characteristic yielding mechanisms. The challenge in this area
is to achieve the thermoplastic modification while having minimal
impact on the thermal performance and processing of the system.
To this end, thermoplastics with inherently good thermal proper-
ties are often selected as candidate modifiers; example polymers
that have been tested in BMI systems include polyetherimides [74],
poly(ether ketone)s [75] and poly(ether sulfone)s [76]. Thermo-
plastic toughening has been proven to be successful to the point
that it has been taken up in commercially available BMI systems,
as evidenced by patents published by both of the current leading
composites suppliers, Hexcel [77] and Cytec [78].

3.1. Modifier variables

There are a number of polymer variables that can be altered in
order to optimise the overall properties of the system and produce
the most effective balance depending on application requirements.
Factors that can be changed include thermoplastic loading, back-
bone structure, molecular weight, molecular weight distribution
and end group functionality. The influence of some of these upon
resin toughness was investigated by Wilkinson et al. in 1994 [79].
One important outcome of this work was the observation that the

Fig. 19. Propenyl containing building block that can be incorporated into poly(aryl
ether) and its derivatives.

identity of the thermoplastic end group is important in promot-
ing toughness. Fracture toughness values were significantly higher
(by more than 50%, attaining a Kic value of 1.4 MPam!?) when
the end groups were reactive functionalities, capable of forming
covalent bonds with the BMI network during crosslinking. This is
thought to be because of increased interaction between the two
components and therefore reduced phase separation. It was also
shown that increasing either the molecular weight or percentage
loading of the thermoplastic filler will lead to an increase in frac-
ture toughness. As these variables are increased, the morphology of
the system changes from a dispersed to co-continuous followed by
phase inverted, which is thought to be the most effective in terms
of thermoset toughening [80]. However, as these two variables are
increased, the processability and thermal performance becomes
more adversely affected. As such, only moderate loadings (<20 wt%)
and molecular weights (<15,000 g mol~1) are recommended when
utilising this toughening route.

3.2. Functionalised backbones

Several attempts have been made to design thermoplastics with
reactive functionalities statistically distributed along the polymer
chain in the hope of increasing the adhesion of the additive with
the base BMI resin. Examples include poly(arylene-ether ketone)s
and poly(arylene-ether sulfone)s modified with propenyl contain-
ing reagents (Fig. 19), which were both successfully synthesised at
intermediate molecular weights (~50,000 g mol~1) [81,82]. In both
instances, it was observed through scanning electron microscopy
(SEM) and DSC that there was good adhesion between the two
phases indicating successful chemical reaction between the two.
However, it was found that as the concentration of propenyl groups
on the backbone was increased, the toughening ability of the
thermoplastic was decreased to the point that there was no ben-
efit compared to the neat resin. This is likely to be because the
increasing functionalisation leads to an increase in crosslink den-
sity (with co-reaction of propenyl on adjacent chains competing
with propenyl-BMI co-reaction), ultimately tending towards a sit-
uation where the thermoplastic is acting in the same way as a low
molecular weight co-monomer. As such, this method has not gained
much traction in terms of being taken forward for further research
and application.

Similarly, allyl groups have been used to functionalise modi-
fier backbones. An example of this is the work by Satheesh et al.
who adapted an aralkyl phenolic resin, typically used as high per-
formance thermoset, by converting the hydroxyl groups into allyl
ethers [83]. Incorporating this phenolic into a bismaleimide sys-
tem led to a material with tuneable properties: increasing the
amount of BMI component improved its thermal performance (Tg
up to 280°C) whilst increasing the phenolic percentage improved
its toughness (impact strength maximum of 217 k] m~2).

3.3. Low molecular weight thermoplastics
One of the primary issues with using thermoplastics as tough-

ening agents in advanced thermosets is that they inherently raise
the viscosity of the uncured resin. As the molecular weight of the
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Fig. 20. Chemical structure of the hyperbranched poly(ether-ketone-imide) modi-
fier.

thermoplastic becomes greater, the viscosity increases exponen-
tially ultimately leading to the systems becoming unprocessable.
This led to researchers investigating the toughening ability of very
low molecular weight (M;, <5000 g mol~1) high performance ther-
moplastics [84]. They found that the use of a low molecular weight
polyimide in BDM/DABA yielded an autoclave processable system
with significant increases in fracture toughness (75% improvement,
to attain a Kic of 0.7 MPam!/2) without adversely affecting the
material’s Tg. Whilst the viscosity of the resin was increased by an
order of magnitude (from 0.6 to 16 Pa S) compared to the neat blend,
this increase is far lower than that witnessed for higher molecular
weights and the handling of the material is facile. An alternative
approach that has been mooted is the use of comb-shaped thermo-
plastics (i.e. containing long pendants) rather than traditional linear
variants [85]. The reasoning behind this idea is that the thermoplas-
tic molecular weight could be increased without the concomitant
rise in viscosity. It was found that a reactively functionalised comb-
shaped imide oligomer could increase the toughness of the BMI
system by 150% to 1.05MPam!/2, again while the system main-
tained adequate processability and temperature performance.

3.4. Hyperbranched polymers

Hyperbranched polymers are interesting potential toughening
agents for thermosets because of their low viscosities, therefore
giving the possibility of increasing processability and toughness
concurrently. The first example of the application of this ideas to
BMIs was in 1999, when Gopala et al. used a hydroxyl-terminated
hyperbranched polyester to modify a BDM/DABA system [86]. They
were able to produce large increases in toughness (138%) over the
neat resin (i.e. from 0.42 to 1.0 MPam!/2), but there were also large
losses in terms of Tg (decreasing from 265 to 225 °C) and modulus
(decreasing from 3 to 0.7 GPa). It was also found that while the
processability was improved by lowering blend viscosity, the effect
was no better than that obtained from an easier to synthesise linear
analogue of the hyperbranched polymer.

Qin et al. synthesised an allyl terminated hyperbranched
poly(ether-ketone-imide) (Fig. 20) as a BMI modifier to try
and overcome the shortcomings associated with the aliphatic
polyesters used previously [87,88]. Unusually for a toughening
additive, this approach led to improvements in all of the key areas
of processability, Tg (from 244 to 264 °C), modulus (from 3.4 to
3.8 GPa) and fracture toughness (from 0.48 to 0.55 MPam!/2). While
this is highly beneficial, it must be noted that there was only a small
increase in toughness, especially when compared to the aforemen-
tioned hyperbranched polyester. The authors suggested that the
degree of polyimide branching or the branch end-cappers could be
modified to increase the toughness further, but there has been no
mention of this in the literature since.

Polysiloxanes are another example of hyperbranched polymers
being added to BMI systems in order to enhance their properties. It
has been found that these additives can lead to increases in the
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Fig. 21. The structure of a CTBN elastomer used to modify BMI.

flame retardancy and toughness of the thermoset (e.g. an addi-
tion of 15 wt¥% leads to an increase in impact strength from 10.5 to
19k m~2 and char yield at 800°C from 27.8 to 53.7 wt%) without
impacting the stiffness and Tg too severely [89].

3.5. Reactive elastomers

Elastomers are another family of polymers that have been used
as toughening agents in BMI systems. Elastomers are typically
characterised by high failure strains and toughness, making them
attractive as resin modifiers.In 1997, the liquid elastomer carboxyl-
terminated acrylonitrile butadiene (CTBN, Fig. 21) was used to
increase the flexibility of Compimide 353. At 30°C, the addition of
40 wt% of this polymer increased its lap shear strength from 14.7 to
46.1 MPa. However, this performance was not maintained at 200 °C,
where the incorporation of the elastomer led to reduced strength.
This shows that the elastomer had a large, negative impact on the
thermal properties of the material.

A patent from 1996 details the use of low Tg (<10°C) acry-
lonitrile/butadiene elastomer particles as toughening agents in
BDM/DABA [90]. It is claimed that the use of 5wt% of the elas-
tomer leads to a 51% increase in compression after impact (CAI)
strength from 156 to 236 MPa. However, no mention was made of
the impacts on other properties; thermal properties of the material
are almost certain to have been reduced.

3.6. Particle toughening

While the thermoplastic modifications of BMIs presented thus
far are focussed around the blending or solvation of the ther-
moplastic in the thermoset resin, it is also possible to increase
resin toughness using preformed thermoplastic particles. Wei
and Sue used preformed polyphenylene oxide (PPO) particles as
a toughening agent in a Cytec 5250 BMI system comprised of
BDM, DABA and 2,4-bismaleimidotoluene, another important com-
mercial monomer [91]. They were able to increase the fracture
toughness of the system from 0.97 to 1.40 MPa m'/? without alter-
ing its Tg, which was maintained at 275°C. The disadvantage to
this method is the increase in viscosity associated with the addi-
tion of particle fillers. Particle toughening has also been shown to
increase the compression after impact performance of BMI resins,
with 60 MPa improvements being obtained [78].

The introduction of thermoplastic particles and associated inter-
leaf toughening in composite prepreg systems will continue to
form the backbone of commercial toughened aerospace polymer
systems. Significant improvements have already been achieved
with toughened epoxy prepreg systems, and these tend to act as
pathfinders for the application of similar technologies to other high
performance polymers.

4. Thermoset blends

The combination of BMIs with other high performance ther-
mosets can enable their good elevated temperature performance
to be exploited in tandem with the advantages offered by the sec-
ondary system. Following judicious choice of stoichiometries and
processing conditions, it is possible to produce copolymers or inter-
penetrating networks that outperform both of their constituent
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homopolymers for a desired application. Many of these blended
systems have also been subjected to similar modifications as the
neat BMI resins, including the use of thermoplastic or nanofiller
additives [92].

4.1. BMI/Epoxy

Epoxy resins are the dominant polymers in the advanced com-
posites industry, particularly in the commercial aerospace sector.
Their high performance characteristics combined with excellent
processability have enabled them to attain an insurmountable posi-
tion as the leading matrix resin for widespread applications [93].
However, conventional epoxies are limited by their relatively low
glass transition temperatures (resulting from poor hot/wet perfor-
mance), meaning that they can only safely be used at temperatures
up to around 140 °C. Conversely, BMIs can withstand higher tem-
perature environments but suffer from their processability. It has
therefore been suggested that the combination of the two systems
will lead to a material that exhibits the beneficial characteristics of
the two constituents.

There are a number of different pathways through which these
two materials can co-react to form a single three-dimensional net-
work thanks to the varied reactivity of the two functional groups of
interest; epoxies and maleimides. For example, an epoxy compo-
nent can be added to the widely-used BDM/DABA system [94]. The
nucleophilic hydroxyl groups on the DABA molecules form covalent
bonds with epoxide groups through a nucleophilic addition/ring
opening reaction. Conversely, a BMI can be mixed in with a typical
epoxy/diamine resin, where it can react with the crosslinking agent
via Michael addition [95]. The latter system yields thermosets with
high Tg (>250°C), reduced moisture absorption and liquid process-
ability. More recently, BMI/epoxy blends have been suggested as a
suitable matrix for fabricating rigid risers for oil and gas rigs via fila-
ment winding [96]. While promising, there are still issues that need
to be addressed for this application, such as the potential galvanic
corrosion of these carbon fibre based composites in deep sea envi-
ronments, an issue not addressed at all in the publication despite
the known weakness of BMIs in this area [97].

4.2. BMI/cyanate ester

BMIs have been blended with cyanate esters to produce sub-
strate materials for printed circuit boards (PCBs), an industry
that is responsible for a large proportion of BMI consumption.
The combinations of these thermosets are commonly known as
bismaleimide-triazine, or BT, resins. These systems were first pro-
duced by the Mitsubishi Gas Chemical Company in 1978, with
the intention of combining the low dielectric constant and good
moisture resistance of cyanate esters with the high temperature
stability of BMIs [98]. Traditionally, this market has been domi-
nated by flame resistant epoxy resins, specifically a material known
commercially as FR-4 (based on tetrabromodiglycidyl ether of
bisphenol A), and the technology is now extremely well estab-
lished. However, the drive for more advanced electronics has led to
ademand for circuits with higher densities and powers whilst oper-
ating at higher temperatures and with more stringent insulation
resistance and low cross talk requirements [99].

There has been some debate as to the nature of the curing
reactions taking place in the blend of cyanate esters with BMIs.
Some researchers believe that the two networks react indepen-
dently of one another to form an interpenetrating polymer network
(IPN). This theory is backed up by the fact that the cured BT
resins often exhibit two distinct glass transitions, which is what
would be expected for a material containing two different poly-
mer networks [100]. Additionally, the >N-NMR spectrum of a
model system revealed no evidence of a co-polymerisation reaction
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Fig. 22. Reaction schemes which have been proposed for the co-reaction between
BMI and CE monomers.

[101]. Alternatively, it has been suggested that the two differ-
ent monomer species are able to co-react to form pyrimidine and
pyridine linkages (Fig. 22) and hence a single network [102]. This
hypothesis has been supported by FTIR and !3C NMR spectra indi-
cating the existence of these products. An investigation by Lin et al.
in 2004 suggested that the nature of the network formed is highly
dependent on the presence or absence of a catalyst in the sys-
tem [103]. These catalysts promote the cyclotrimerisation of the
cyanate ester linkages, and thus if they are present the CE and BMI
molecules react independently. Lin et al. postulate that with no
catalyst present, the two species cross react, although this is also
disputed. More recently, the role of organic solvents in commer-
cial BT resins has been explored to determine the roles of each in
terms of solvation or promotion of homopolymerisation reactions;
no evidence of BMI/cyanate ester co-reaction was found [104].
Co-reaction between the two systems can be ensured by adding
molecules containing dual functionality capable of reacting with
both blend components, such as p-cyanatophenylmaleimide, thus
enabling inter-system crosslinking [105].

One drawback associated with the use of BT resins is their
poor processability. At present, a mixture of high boiling point
solvents is required to dissolve the monomers and reduce the
blend viscosity. These solvents include N,N-dimethylformamide,
N-methylpyrrolidone and N,N-dimethyl acetamide, which are
potentially harmful to end users and the environment upon dis-
posal. Recently, researchers have investigated novel methods of
improving upon this aspect of BT systems. One strategy that has
been attempted is the use of bulky pendant groups and unsym-
metrical structures to lower monomer melting points and improve
solubility in more conventional industrial solvents [51]. Another
idea is the use of liquid cyanate ester monomers to dissolve the
BMI components and hence produce a liquid processable system
without the need for additional solvents [106]. Initial results have
been successful, with liquid processable systems capable of pro-
ducing high Tg materials; however, more work is needed in this
area.

Work by Hamerton et al. showed that BMI/CE blends can be
susceptible to significant water uptake if exposed to humid envi-
ronments for extended periods of time, with the blends absorbing
more water than either of the homopolymers [107]. This was inves-
tigated by conditioning samples in 70°C water for 14-17 months,
and led to severe blistering or cracking in some samples. The prob-
lem worsens as the content of BMI in the system is increased,
however it can be somewhat ameliorated by incorporating allyl
containing CE monomers into the blend, with dramatic reduc-
tions in moisture uptake (5-9% compared to 7-22%) being achieved
[108].
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Fig. 23. Examples of benzoxazine monomers diallyl BA-a (left) and BA-a (right) that have been used to modify BMIs.

4.3. BMI/Benzoxazine

Polybenzoxazines (PBZ) are a novel class of high performance
polymer that have garnered significant interest in recent years
due to their broad range of outstanding and unique properties
[109]. These include high Tg, chemical resistance, low moisture
absorption, minimal shrinkage, thermal stability and low dielec-
tric constant. There is also great scope for polymer tailoring due to
the flexibility of monomer design and synthesis. However, as is the
case with most thermosetting polymers, there are issues including
cure times/temperatures and brittleness. Additionally, while the
T, of the materials is typically able to compete with epoxies, it is
not high enough for more advanced high-temperature applications.
This has led to a number of investigations into the combination of
BZ monomers with BMIs, in order to improve the temperature per-
formance and processability of benzoxazine while maintaining its
beneficial properties. Interestingly, it has been observed that the
blending of these two components leads to a lowering of the BMI
cure temperature, suggesting that BZ is able to catalyse its cure.
It has been speculated as to the exact catalytic mechanism, with
some suggesting that it arises due to the presence of amine groups
in reacted benzoxazine, while others suggest that the iminium ions
formed as the benzoxazine ring opens could be responsible.

Kumar et al. looked at cured BZ/BMI blends under scanning elec-
tron microscopy (SEM) and discovered evidence of micro-phase
separation between the two components of the system [110]. In
an effort to produce a more homogenous thermoset, they syn-
thesised a BZ monomer containing two allyl groups (Fig. 23) in
the hope that it might react with BMI in the same way as DABA,
thus covalently linking the two interpenetrating networks. This
proved to be a success, with DSC and IR both indicating the occur-
rence of the expected ‘Alder-ene’ type reaction. There were also
indications of hydrogen bonding between the carbonyl groups of
BMI and the hydroxyl groups from BZ. However, it was found
that the glass transition temperature of the blend (Tg =274 °C) was
lower than that of both individual monomers, suggesting that the
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degree of crosslinking attained from the copolymer is lower. Con-
versely, Wang et al. combined the same BZ-allyl molecule with a
different BMI monomer and found that large increases in impact
strength (from 6.1 to 11.8 kf m~2) and reductions in dielectric con-
stant (3.10-2.96 at 60 Hz) could be achieved (compared to the neat
BMI) with only a small cost in terms of thermal performance and
stability [111].

There are several examples in which the BZ/BMI combination
has been claimed to lead to improvements compared to both
homopolymers [112,113]. These improvements are not just in
terms of mechanical properties such as impact strength and flex-
ural strength, but also in terms of glass transition temperature.
Such blends have been successfully used to impregnate reinforc-
ing fibres to produce a new family of composite materials. This
makes these blends highly attractive for a range of high perfor-
mance applications, from aero structures through to printed circuit
board substrates, and as such there are now examples of patented
BZ/BMI blends [114].

Another way to overcome microphase separation between BZ
and BMI is to synthesise a monomer that contains both functional-
ities. This idea has been reported by Jin et al. [115], who fabricated
a series of bis(benzoxazine-maleimide)s (Fig. 24) as a novel class of
advanced thermoset. The polymers produced possessed good ther-
mal properties (Tg in the range of 289-307 °C), with the monomers
being readily soluble in a range of common organic solvents, thus
giving them potential for easy processing. So far, there has been no
published work detailing the mechanical or dielectric performance
of these materials.

The concept of applying multiple thermosetting functionalities
in the same molecule was also adopted by Gao et al., who produced
amolecule containing maleimide, benzoxazine and acetylene func-
tionalities (Fig. 25)[116]. The polymer produced exhibited a Tg over
300°C, a thermal degradation temperature over 400°C and a very
impressive 800 °C charyield of 61.2%, however no mechanical prop-
erties were reported. It should also be noted that these molecules
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Fig. 24. Monomer containing both BZ and BMI functionalities.
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Fig. 25. Monomer containing three different thermosetting functionalities.

can require complicated syntheses, making them less attractive to
industry.

4.4. Ternary blends

Thanks to the ever-expanding range of thermoset materials
classes, there are now opportunities to explore more complex
multi-component blends, several of which have been investi-
gated. The aim of ternary thermoset blends is to combine the
advantageous properties of three different monomers. When BMI
monomers are included in such systems, they are used with the
intention of improving the high temperature properties of the ter-
polymer. Epoxy resins have been added to BMI/CE blends to try
and improve the toughness and processability of the system [117].
It was found that the impact strength increased by 1.46 times to
13.5k] m~2 when 20 wt% of epoxy was incorporated. Whilst there
wasonlya7KdropinTg both the thermal degradation temperature
and dielectric constant were adversely affected (by 21K and 0.25
respectively). An alternative system replaced this epoxy with bis
allyl benzoxazine, leading to improvements in all of the measured
properties including Tg, impact strength, dielectric constant and
moisture resistance compared to the neat BMI/CE blend [118]. The
claimed properties make the material attractive for PCB substrate
application. Similarly, a patent has been taken out on a blend of BMI,
benzoxazine and epoxy for use as a high temperature adhesive in
electronic applications [119].

This is an area that will inevitably grow along with the need to
maximise the final properties achieved with existing polymers in
the form of non-reactive blends (to form IPNs) and true copolymers.
The story of the development of BMIs (and particularly the reduc-
tion in the rate of production of new BMI monomers) exemplifies
this.

5. Novel BMI nanocomposites

The discovery and development of nanoscale materials with
outstanding mechanical properties, such as carbon nanotubes and

graphene, has led to significant efforts to incorporate them as rein-
forcement materials in polymer matrices. To this end, researchers
have investigated the used of nanoscopic fillers in BMIs in order
to improve toughness, as well as producing processable materials
with excellent mechanical properties at high temperatures.

5.1. Carbon nanotubes

Functionalised carbon nanotubes (CNTs) have been incorpo-
rated as the reinforcement material in BMI resin systems, enabling
the production of composites with excellent mechanical proper-
ties. The performance of these composites has been found to be
highly dependent on both the degree of alignment and surface func-
tionalisation of the carbon nanotubes. Initial investigations into
composites of this type showed much lower properties than those
predicted thanks to poor control over nanotube alignment, low CNT
loadings and weak interfacial interactions between reinforcement
and matrix. In 2009, Liang et al. investigated using a simple method
of mechanical stretching followed by resin impregnation in order
to produce CNT-BMI composites with a high degree of nanotube
alignment [120]. This also helped to overcome the issue of low
CNT loading, hence increasing the final properties further. It was
found that both the tensile strength and modulus of the composite
could be significantly improved by aligning the nanotubes using
the stretch method, with both properties increasing by a factor
of four compared to the same material with randomly orientated
nanotubes to a maximum of 2088 MPa and 169 GPa respectively.
These properties are comparable with state of the art continuous
fibre composites. The glass transition temperature of the produced
material was over 250°C, and the alignment of the fibres also led
to large increases in the electrical conductivity of the compos-
ite.

These high mechanical properties were further improved by
changing the nature of the interfacial adhesion between the matrix
and reinforcement. The interfacial bonding between a carbon nan-
otube and a matrix resin is typically poor due to the atomically
smooth surface of the nanotubes [121]; however, it is possible to
functionalise the surface of the nanotubes to introduce groups that
can react with the curing resin to form strong covalent bonds. The
downside to this functionalisation is that it often leads to degrada-
tion in the mechanical and electrical performance of the nanotubes
as the delocalised  system is disrupted. Peroxy acids can be used
to introduce epoxide rings to the surface of a carbon nanotube, as
shown in Fig. 26, which can then react with the DABA component
of aBMI blend and thus form covalent bonds between the nanotube
surface and the polymer network.

Fig. 26. Surface Functionalisation of carbon nanotubes.
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Fig. 27. The structure of graphene.

This led to the production of nanocomposites with unprece-
dented mechanical performance: a Young’s modulus of 350 GPa
and tensile strength of 3081 MPa vastly exceeding the properties of
conventional composites [ 122]. The functionalisation of nanotubes
led to losses in terms of the thermal and electrical performance of
the materials, with both Tg and conductivity decreasing. The loss in
conductivity can be partially accounted for by using nanotubes of a
longer length, whilst having little to no impact on the mechanical
performance [123]. CNTs have also been shown to have an impact
on the toughness of BMI resin systems, which is important as their
brittleness is one of the major drawbacks to these materials [124].
The incorporation of 0.5 wt% of CNTs treated with MDA was respon-
sible for a 60% improvement in the impact strength of a BMI resin,
with no decrease in thermal performance.

5.2. Graphene

Graphene, discovered at the University of Manchester in 2004
[125], is a two-dimensional allotrope of carbon consisting of just a
single graphitic layer (Fig. 27). It possesses some remarkable prop-
erties including exceedingly high stiffness and near zero resistivity.
As the synthesis and production of graphene has developed, there
has been a drive to utilise this latest ‘wonder material’ in compos-
ite materials to further refine their properties. This includes the
modification of BMI resins with the nanomaterial.

Researchers have reported that the inclusion of low weight
percentages (~1wt%) of graphene oxide, the oxidised version of
graphene that exhibits better processing characteristics, but sig-
nificantly poorer conductivity, can lead to enhancements in impact
strength of 37% [126,127]. The use of a nanofiller in this regard
is advantageous as it does not reduce the degree of crosslinking
of the resin so should not impact upon its thermal performance.
Indeed, the thermal degradation of the studied BMIs has shown to
be unaffected by the addition of graphene oxide, although the glass
transition temperatures of the materials have not been investigated
or reported. Additionally, it is unknown as to how graphenes inclu-
sion might impact upon the processability of the resin in terms
of increased viscosity. Further studies have shown that, in a simi-
lar manner to CNTS, that surface functionalisation of the graphene
filler has a significant effect on the material properties obtained
[128]. Functionalising reduced graphene oxide (RGO) with hyper-
branched polytriazine via a silane treatment led to an increase in
resin impact strength of 70% compared to the same resin filled with
unfunctionalised RGO.

5.3. Boron nitride
Boron nitride is another nanomaterial that exhibits interesting

properties that may be suited to application in polymer composites.
Its excellent thermal conductivity has led to attempts to incorpo-
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Fig. 28. The general structure of the most common form of POSS reagent, where
R is commonly a branched alkyl chain e.g. isooctyl or isobutyl with one or more R
groups replaced with a reactive functional group).

rate these materials into BMIs order to improve their ability to
dissipate heat, particularly for higher temperature applications. In
2013, Zeng et al. prepared BT resins filled with hexagonal boron
nitride [129]. The addition of 50 wt% boron nitride filler to the BT
resin was shown to increase its thermal conductivity by almost
an order of magnitude to 1.11 W/mK. It is thought that this could
be improved further by using higher quality filler material. When
there is a sufficient content of BN, the particles contact with one
another to form a continuous network through which heat is read-
ily conducted. There is also an increase in the thermal degradation
temperature. However, these improvements are offset by a drop of
34K in the Tg and an increased dielectric constant (4.5 compared
to 3.3 for the neat resin).

5.4. POSS reagents

Polyhedral oligomeric silsesquioxane (POSS) reagents (Fig. 28)
have attracted interest in the field of BMI/CE blends because of their
low dielectric constants (typically 2.1-2.8) and ability to be func-
tionalised, thus forming an organic shell capable of co-reacting with
thermosets. They are also thermally stable and resistant to oxida-
tion. It is therefore anticipated that they may be able to improve
the performance of these systems for PCB applications. Hydrogen
silsesquioxane, the most basic POSS reagent, was used to improve
the Tg and thermal stability of BDM/DABA, with Tg increasing by
20 K upon the addition of less than 10 wt% of the POSS reagent [130]
Changes in the

mechanical performance of this system are unreported. In 2008,
Cao et al. synthesised a maleimide functionalised POSS derivative
dubbed octa(maleimidophenyl)silsesquioxane and incorporated it
into a BMI/CE system [131]. At low weight percentages (1-2%)
there was a marked reduction in the materials dielectric constant
(from 3.7 to 3.0) with minimal change in thermal performance in
terms of both Tg and thermal degradation temperature. The same
modifier was also investigated in a standard BDM/DABA system
and led to improvements in processability, leading to a system
with a low viscosity (3 Pas) from 90°C up to 190°C [132]. How-
ever, the synthesis of this modifier was highly complex and the
network produced was particularly brittle. An alternative POSS
molecule containing aminopropyl substituents was proposed, with
the primary amino group capable of interacting with both BMI and
CE resin constituents [133]. Again, improved dielectric properties
were obtained. A further aryl-amine derivative was incorporated
into a series of linear aliphatic ether linked BMIs resulting in
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improvements in Tg, thermal stability and dielectric properties
compared to the neat systems [134].

5.5. Nanoclay fillers

Polymer-clay nanocomposites were initially developed using
thermoplastic matrices such as polyamides, but have since been
investigated using thermoset resins. Meng and Hu added two com-
mercial nanoclays to a BDM/DABA system and found that, using
the appropriate preparation and exfoliation conditions, this could
increase the impact resistance of the cured resin twofold [135].
A similar experiment utilised organic rectorite as the nanofiller,
wherein the clay is ideally fully exfoliated to allow intimate mixing
of the BMI with the clay prior to thermal cure (Fig. 29) [136].

This system also exhibited improved impact resistance, albeit a
more moderate improvement of 30%, with limited negative effects
in terms of Ty and thermal degradation temperatures. Further-
more, the water resistance of the resin was slightly increased, and
it has since been used to successfully fabricate glass fibre compos-
ite specimens [137]. Modified montmorillonite is another nanoclay
that has been used in BMI systems, in this instance being used to
improve the properties of BT resin [138]. The addition of 5wt%
of this material to the system led to improvements in a num-
ber of key properties including impact strength (8.2-15.7 kj m~2)
and dielectric constant (3.45-3.25 at 106 Hz), as well as modest
improvements in Tg and Ty.

5.6. Nanosilica
Nanosilica is another nanomaterial that has been investigated

in the context of bismaleimide reinforcement. Nelson et al. pro-
duced nanosilica filled BMI resins with the intention of improving

mechanical properties to enable the production of superior com-
posite tooling [139]. Of particular concern for this application are
coefficient of thermal expansion (CTE), shrinkage and hardness.
They found that by using 40 wt% of silica particles they were able
to improve all of these aspects, with CTE decreasing from 40 to
24 ppm/°C, shrinkage decreasing from 0.66 to 0.33% and indenta-
tion hardness doubling from 0.3 to 0.6 GPa. Furthermore, fracture
toughness was doubled and Tg was maintained, however there
was an associated increase in the materials viscosity. Yuan et al.
used nanosilica in a BT resin to improve its dielectric properties
[140]. They were able to achieve a moderate reduction in both
dielectric constant and loss. As with previously mentioned nano-
reinforcements, it has also been shown that control of the chemistry
at the nanosilica surface can lead to improvements in properties
[141]. In this case, the introduction of maleimide or amine groups
to the particle surface lead to increases in Tg (up to 15 °C) and reduc-
tions in CTE (up to 8 ppm/°C) compared to unmodified particles.
The explosion in the interest in nanocomposites, particularly
where carbon nanotubes or graphene are involved, mirrors the
increasing drive to develop truly multifunctional polymer blends
and composites (in which enhancements in e.g. electrical or ther-
mal conductivity can be realised). The topic will grow and broaden,
particularly in the field of BMIs, but the challenge of producing well-
dispersed formulations will be key to maximising their potential.

6. BMIs IN SMART MATERIALS
6.1. Shape memory polymers based on BMIs
Recently, attention has turned to the possibility of utilising the

high temperature performance of BMIs to fabricate new shape
memory polymers (SMPs). These are materials capable of recover-

Q o)
Cool /
—_—
- N
Heat & R,
0

Fig. 31. The reversible Diels-Alder reaction between furan and maleimide.
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ing their original shape after being deformed upon the application
of a stimulus, typically heat or light, giving the potential to pro-
duce reconfigurable structures. The challenge associated with the
development of such materials, particularly in an aerospace envi-
ronment, is the balancing of a large, reversible strain capability,
high activation temperature and sufficient mechanical properties.
In 2012, McClung et al. investigated a BMI based SMP consisting
of BDM, an aliphatic diamine and a bis-isocyanate as a crosslink-
ing agent (Fig. 30) [142]. They were able to produce materials
with transition temperatures ranging from 110 to 164°C capa-
ble of recovering their initial shape after 30s at the required
temperature. These transition temperatures proved to be higher
than those of commercially available SMPs Veriflex and Veriflex-E,
whichundergoTg at 84 and 100 °Crespectively [143]. Similarly high
transition temperatures have also been achieved by using vinyl
monomers as the BMI co-monomer [144].

An alternative SMP has been prepared by Biju and
Nair using BMPP, DABA and bismaleimide-end-capped
poly(tetramethyleneoxide) (dubbed PTMO) [145]. They pro-
duced polymers with transition temperatures as high as 220°C.
It was noted that superior mechanical properties and higher
transition temperatures were obtained for lower PTMO contents,
but this also coincided with an increase in shape recovery time.

6.2. Bismaleimides in self-healing thermosets

Self-healing materials are attractive as they have the potential
to increase the durability and safety of a component. In the event
of fracture, such a material is able to reform its three-dimensional
network and hence maintain its mechanical performance. Bis-
maleimide chemistry has been exploited in this field thanks to its
ability to undergo reversible Diels-Alder reactions, as outlined in
Fig. 31.

Peterson et al. functionalised an epoxy network with furan moi-
eties capable of undergoing such a reaction with maleimide groups
[146]. Once the material had fractured, a BDM in DMF solution
was injected into the crack, and left to undergo Diels-Alder addi-
tion reactions with these furan groups at room temperature and
hence heal the crack. It was found that healing efficiencies of 70%
could readily be achieved with concentrated BMI solutions. How-
ever, it must be noted that the healing is limited to low temperature
systems, as the retro-Diels-Alder reaction occurs at 90°C, mean-
ing that the healed network decomposes at this temperature. The
same chemistry was employed by Scheltjens et al. who incorpo-
rated both BMI and furan containing components into the same
network [147]. They found that the network could be healed upon
heating and cooling, and suggested that such a polymer could find
use as a self-healing coating. Similarly, the incorporation of the
two reactive groups mentioned into a linear polyurethane rather
than a crosslinked epoxy enabled the production of a polymer with
healing efficiencies up to 80% [148]. In a further study, the BMI
molecules were used as a sizing on both carbon and glass fibres
to enable thermally initiated healing of the fibre resin interface
upon debonding [149]. A healing efficiency of 82% was obtained.
The self-healing potential of BMIs has also been combined with
nanocomposite technology. Xu et al. demonstrated that it is pos-
sible to functionalise a POSS molecule with furan groups via an
epoxide-containing intermediate [150]. This material was capable
of undergoing crack healing at 135-150°C, however it was noted
that scratches on such a resin could not be replenished due to the
removal of necessary material.

The growing interest in multifunctional ‘smart’ polymers has
already been mentioned, but BMIs have already featured in several
studies in which the high performance characteristics of the poly-
mer and the value of the monomer make the self-healing approach
worthy of further examination to restore value and extend their life.

Recently, BMI chemistry has been applied to other multifunctional
polymer concepts, having been used in tandem with divinylben-
zene in the production of microporous polymers for use in gas
storage and heterogeneous catalysis [151].

7. Continuous fibre BMI composites

BMI resin systems designed for use in continuous fibre com-
posites are now commercially available from numerous suppliers
including Cytec, Hexcel, Evonik, TenCate, Renegade Materials Corp
and Raptor Resins [6]. Applications are generally limited to those
exposed to high temperatures where strong hot/wet performance
is required, such as in space structures, military aircraft and com-
posite tooling. While BMIs are primarily used to produce prepreg
materials for autoclave processing, the field has significantly
advanced with the introduction of out-of-autoclave resins, as well
as those designed for resin transfer moulding (RTM) [152-154].
In order to enable these materials to be produced on large scale,
other modifications to the resin systems needed to be introduced
for processing rather than performance purposes.

The pot-life of a thermosetting resin is an important considera-
tion when developing successful commercial materials. Over time,
a thermosetting resin slowly cures even at low temperatures, lead-
ing to pressures on manufacturing timescales. A longer shelf life is
useful in ensuring that the resin does not lose its processability or
performance characteristics. It is also important that the resin can
be handled at elevated temperatures without immediate curing for
techniques such as RTM. In the case of BMIs, it has been found that it
is possible to extend the pot-life by adding free radical inhibitors to
the resin mixture [155]. These inhibitors include readily available
molecules such as hydroquinone or naphthoquinone, and are able
to improve the storage stability whilst having minimal impact on
the mechanical performance of the resin produced. The disadvan-
tage of this method is that it can mean that higher temperatures or
longer cure times are required to overcome the inhibitors effect; the
use of inhibitors can cause a trade-off between pot life and curing
efficiency.

Another processability problem associated with BMI resins is
the fact that they often suffer from excessive flow, which can
lead to part quality issues. It has been found that it is possible
to stabilise the flow properties by the addition of high molecular
weight elastomers to the resin blend. Examples of polymers include
poly(ethylene oxide) and polybutadiene/PAN copolymers, typically
with molecular weights of around 2,000,000 g mol~. The addition
of a very low weight percentage of such a polymer (ca. 1 wt%) is
sufficient to provide the necessary improvements in resin flow and
thus enable the production of effective BMI prepregs [77].

The application of BMIs to advanced composites (particularly
military aerospace) is key to the future success of this family of
polymers, since the present cost renders them applicable to only
relatively minor niche areas in civil aerospace for which they are
typically over engineered. A review of the application of BMIs in
modern composite technology and structural engineering falls out-
side of the scope of this review, with its focus on polymer science,
but this is currently receiving our attention.

8. Conclusions and future outlook for BMI chemistry

Since the initial emergence of BMI resins as competitive high
performance systems, there has been great interest in harnessing
their unique combination of high temperature performance and
good processability. During the 1980s, a number of international
research groups in academia concentrated on using the synthetic
chemistry available to develop a large range of aliphatic and pre-
dominantly aromatic BMI building blocks based on many of the
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diamine intermediates that feature in epoxy resin chemistry. The
predictions at the end of the decade suggested a growth in the
adoption of BMIs in the aerospace composites industry. However,
in common with several other families of high performance ther-
mosets the 1990s saw a dramatic contraction in the number of
published synthetic studies in this area and a rationalisation of the
range of commercial resins available. Now, in the second decade
of the 21st century the portfolio of commercial BMIs is largely
based on fewer than half a dozen monomers in combination with
selected diamine and allyl substituted bisphenols. The technology
has matured to such a level that commercially available systems
are being considered for advanced applications, thanks mainly to
the advances made in the ability to toughen the thermoset. One of
the main barriers to widespread acceptance and adoption of BMIs
has been the perception of toxicity associated with the use of MDA,
or the presence of residual MDA in the blend. The development of
commercial BMI products has concentrated on their refinement to
achieve significant reductions in residual MDA or the use of alterna-
tive, less toxic precursors. The other major obstacle in BMI uptake
has been the high cost of materials relative to the industry standard
epoxies, limiting their use to specialist high performance applica-
tions. In common with many other competing resin families, new
developments tend now to concentrate on the incorporation of
well-dispersed additives and nano-fillers in order to enhance cured
BMI properties, rather than exhaustive synthetic programmes.

Acknowledgements

The authors thank Dr Tim Pohlmann and Dr Sergey Evsyukov
(Evonik Nutrition and Care GmbH, Hanau-Wolfgang), and Dr Paul
Cross (Cytec Solvay Group, Wilton) for useful discussions during
the preparation of this manuscript. This work was supported by
the Engineering and Physical Sciences Research Council through
the EPSRC Centre for Doctoral Training in Advanced Composites
for Innovation and Science [grant number EP/L016028/1].

References

[1] Lin SC. Pearce EM. High-Performance Thermosets: Chemistry, Properties,
Applications. Munich: Hanser Gardner Pubns; 1994, 317 pp.

[2] DAlelio GF. Polymerizing Bis-maleimides and Polyimides Therefrom. US
3,929,713; 1975.

[3] Red C. The Outlook for Thermoplastics in Aerospace Composites,
2014-2023; 2014. Compos World http://www.compositesworld.com/
articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-
2023 (accessed April 2016), 1 pp.

[4] Mouritz AP. Fire Safety of Advanced Composites for Aircraft. Canberra City
Australia: Australian Transport Safety Bureau; 2006. https://www.atsb.gov.
au/media/32739/grant_20040046.pdf (Accessed April 2016), 30 pp.

[5] Anonymous. Gurit Guide to Composites; 2001. http://www.gurit.com/
guide-to-composites.aspx (Accessed April 2016), p. 23-4.

[6] Anonymous Staff. The Matrix. Compos World; 2014. http://www.
compositesworld.com/articles/the-matrix-2016 (Accessed July 2016), 1 pp.

[7] Biron M. Thermosets and Composites. Oxford: Elsevier Ltd; 2004. p. 1-30.

[8] Greene E. Composite Material Flammability Teleconference; 2002. http://
www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf (April
2016), 134 pp.

[9] Hargreaves MK, Pritchard ]G, Dave HR. Cyclic carboxylic monoimides. Chem
Rev 1970;70:439-69.

[10] Walker MA. A high yielding synthesis of N-Alkyl maleimides using a novel
modification of the mitsunobu reaction. ] Org Chem 1995;60:5352-5.

[11] Reddy PY, Kondo S, Toru T Lewis. Acid and hexamethyldisilazane-promoted
efficient synthesis of N -alkyl- and N -arylimide derivatives. ] Org Chem
1997;3263:2652-4.

[12] Searle NE. Synthesis of N-Aryl-Maleimides. US 2,444,536; 1948.

[13] Dao B, Hawthorne DG, Hodgkin JH, Morton TC. Preparation and
characterization of some novel bismaleimide monomers and polymers
based on diaminobisimides. Hgh Perform Polym 1996;8:243-63.

[14] Stenzenberger H. Chemistry and properties of addition polyimides. In:
Wilson D, Stenzenberger HD, Hergenrother PM, editors. Polyimides.
London: Springer Science; 1990. p. 79-108.

[15] Varma IK, Sangita Varma DS. Addition polyimides: IIl. Thermal behavior of
bismaleimides. ] Polym Sci Polym Chem Ed 1984;22:1419-33.

[16] Takeda S, Akiyama H, Kakiuchi H. Synthesis and properties of bismaleimide
resins containing ether bonds. J Appl Polym Sci 1988;35:1341-50.

[17] Nanjan M]J, Sivaraj K. Synthesis and characterization of certain new
poly(bisimide)s. I. ] Polym Sci Part A Polym Chem 1989;27:375-88.

[18] Tung CM, Leung CL, Liao TT. The effect of cure states on the mechanical
properties of bismalimides. III. Dynamic mechanical properties and fracture
energies. ACS Polym Mat Sci Eng 1985:139.

[19] Crivello JV, Company GE. Polyaspartimides: condensation of aromatic
diamines and bismaleimide compounds. ] Polym Sci Polym Chem Ed
1973;11:1185-200.

[20] Bargain M, Combet A, Grosjean P. Cross-linked Resins. US 3,562,223; 1971.

[21] NIOSH Pocket Guide to Chemical Hazards.Barsan ME, editor. Cincinnati OH:
Department of Health and Human Services; 2007. http://www.cdc.gov/
niosh/npg/npg.html (Accessed April 2016), 424 pp.

[22] Stenzenberger H, Bismaleimide Resins. ASM handbook. In: Miracle DB,
Donaldson SL, editors. Composites, Vol. 21. Materials Park OH: ASM
International; 2001. p. 97-104.

[23] Pritchard G, Swan M. The crosslinking of eutectic mixtures of
bismaleimides. Eur Polym ] 1993;29:357-63.

[24] Boyd ], Bongiovanni CL, Thai B. Bismaleimide resin with high temperature
thermal stability. US 2007/0117956 A1; 2007.

[25] Zahir A, Renner R. Process for the Manufacture of Crosslinked Polymers
which Contain Imide Groups. US 4,100,140; 1978.

[26] Barton JM, Hamerton [, Jones JR, Stedman JC. A comparative study of the
relative reactivity of alkenyl-functionalized toughening modifiers for
bis-maleimides. Polym Bull 1991;170:163-70.

[27] Mijovic ], Andjelic S. Study of the mechanism and rate of bismaleimide cure
by remote in-situ real time fiber optic near-infrared spectroscopy.
Macromolecules 1996;29:239-46.

[28] Rozenberg BA, Dzhavadyan EA, Morgan R, Shin E. High-performance
bismaleimide matrices: cure kinetics and mechanism. Polym Adv Technol
2002;13:837-44.

[29] Phelan JC, Sook C, Sung P. Cure characterization in
bis(maleimide)/diallylbisphenol a resin by fluorescence, FT-IR, and
UV-reflection spectroscopy. Macromolecules 1997;30:6845-51.

[30] Zahir S, Chaudhari MA, King J. Novel high temperature resins based on
bis(4-maleimido-phenyl)methane. Makromol Chemie Macromol Symp
1989;25:141-54.

[31] Morgan RJ, Shin EE, Rosenberg B, Jurek A. Characterization of the cure
reactions of bismaleimide composite matrices. Polymer 1997;38:639-46.

[32] Stenzenberger HD, Konig P, Herzog M, Romer W, Pierce S, Canning M.
Bismaleimide resins - Improved novel toughening modifiers for BMI resins.
32nd. Int SAMPE Symp 1987:44.

[33] Stenzenberger H. Recent advances in thermosetting polyimides. Br Polym ]
1988;20:383-96.

[34] Yerlikaya Z, Bayramli E. Chain-extended bismaleimides. I. Preparation and
characterization of maleimide-terminated resins. ] Appl Polym Sci
1996;59:165-71.

[35] Sava M, Gaina C, Gaina V, Timpu D. Synthesis and characterization of some
bismaleimides containing ether groups in the backbone. Macromol Chem
Phys 2001;390:2601-5.

[36] Qu C, Zhao L, Wang D, Li H, Xiao W, Yue C.
Bis[4-(4-maleimidephen-oxy)phenyl]
propane/N,N-4,4'-bismaleimidodiphenylmethyene blend modified with
diallyl bisphenol A. ] Appl Polym Sci 2014;131:40395/1-8.

[37] White LA, Weber JW, Mathias LJ. Synthesis and thermal characterization of a
one component maleimide-epoxy resin. Polym Bull 2001;344:339-44.

[38] Evsyukov SE, Pohlmann T, Stenzenberger HD. m-Xylylene bismaleimide: a
versatile building block for high-performance thermosets. Polym Adv
Technol 2015;26:574-80.

[39] Hu Z, Li S, Zhang C. Synthesis and characterization of novel chain-extended
bismaleimides containing fluorenyl cardo structure. ] Appl Polym Sci
2007;107:1-6.

[40] Xiong X, Chen P, Yu Q, Zhu N, Wang B, Zhang ], et al. Synthesis and
properties of chain-extended bismaleimide resins containing phthalide
cardo structure. Polym Int 2010;59:1665-72.

[41] Zhang L, Chen P, Gao M, Na L, Xiong X, Fan S. Synthesis, characterization, and
curing kinetics of novel bismaleimide monomers containing fluorene cardo
group and aryl ether linkage. Des Monomers Polym 2014;17:637-46.

[42] Xiong X, Ren R, Chen P, Yu Q, Wang J, Jia C. Preparation and properties of
modified bismaleimide resins based on phthalide-containing monomer. |
Appl Polym Sci 2013;130:1084-91.

[43] Hsiao S, Yang C, Chen S. Synthesis and thermal properties of bismaleimides
with ortho-linked aromatic units. ] Polym Res 1999;6:141-8.

[44] Rem Z, Cheng Y, Li Y, Xiao F. Soluble asymmetric bismaleimide with low
molten viscosity and its high glass transition temperature polymer. ] Appl
Polym Sci 2016;133:43491/1-8.

[45] Wang C, Hwang H, Wiley ]. Synthesis and properties of novel
naphthalene-containing bismaleimides. ] Appl Polym Sci 1996;60:857-63.

[46] Wang C, Leu T, Hsu K. Novel bismaleimide with naphthalene side group 1.
From 1-naphthaldehyde and 2,6-dimethylaniline. Polymer 1998;39:2921-7.

[47] Tang H, Song N, Gao Z, Chen X, Fan X, Xiang Q, et al. Synthesis and properties
of 1,3,4-oxadiazole-containing high-performance bismaleimide resins.
Polymer 2007;48:129-38.

[48] Balamurugan R, Kannan P. 1,3,4-Oxadiazole epoxy resin-based liquid
crystalline thermosets and their cure kinetics. ] Mater Sci 2009;45:1321-7.


http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0005
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0010
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
http://www.compositesworld.com/articles/the-outlook-for-thermoplastics-in-aerospace-composites-2014-2023
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
https://www.atsb.gov.au/media/32739/grant_20040046.pdf
http://www.gurit.com/guide-to-composites.aspx
http://www.gurit.com/guide-to-composites.aspx
http://www.gurit.com/guide-to-composites.aspx
http://www.gurit.com/guide-to-composites.aspx
http://www.gurit.com/guide-to-composites.aspx
http://www.gurit.com/guide-to-composites.aspx
http://www.gurit.com/guide-to-composites.aspx
http://www.gurit.com/guide-to-composites.aspx
http://www.compositesworld.com/articles/the-matrix-2016
http://www.compositesworld.com/articles/the-matrix-2016
http://www.compositesworld.com/articles/the-matrix-2016
http://www.compositesworld.com/articles/the-matrix-2016
http://www.compositesworld.com/articles/the-matrix-2016
http://www.compositesworld.com/articles/the-matrix-2016
http://www.compositesworld.com/articles/the-matrix-2016
http://www.compositesworld.com/articles/the-matrix-2016
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0035
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://www.ericgreeneassociates.com/images/NASA_Fire_Workshop.pdf
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0045
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0050
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0055
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0060
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0060
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0060
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0060
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0060
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0060
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0060
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0060
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0065
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0070
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0075
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0080
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0085
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0090
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0095
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0100
http://www.cdc.gov/niosh/npg/npg.html
http://www.cdc.gov/niosh/npg/npg.html
http://www.cdc.gov/niosh/npg/npg.html
http://www.cdc.gov/niosh/npg/npg.html
http://www.cdc.gov/niosh/npg/npg.html
http://www.cdc.gov/niosh/npg/npg.html
http://www.cdc.gov/niosh/npg/npg.html
http://www.cdc.gov/niosh/npg/npg.html
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0110
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0115
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0120
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0125
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0130
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0135
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0140
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0145
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0150
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0155
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0160
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0165
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0170
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0175
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0180
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0185
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0190
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0195
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0200
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0205
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0210
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0215
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0220
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0225
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0230
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0235
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0240

20 RJ. Iredale et al. / Progress in Polymer Science 69 (2017) 1-21

[49] Varma IK, Fohlen GM, Parker JA. Phosphorus-containing imide resins. L. |
Macromol Sci Part A 2006;19:209-24.

[50] Lu S, Hamerton I. Recent developments in the chemistry of halogen-free
flame retardant polymers. Prog Polym Sci 2002;27:1661-712.

[51] Ren Z, Cheng Y, Kong L, Qi T, Xiao F. High glass transition temperature
bismaleimide-triazine resins based on soluble amorphous bismaleimide
monomer. ] Appl Polym Sci 2016;133:42882/1-7.

[52] Chen X, Gu A, Liang G, Yuan L, Zhuo D, Hu ]J. Novel low phosphorus-content
bismaleimide resin system with outstanding flame retardancy and low
dielectric loss. Polym Degrad Stab 2012;97:698-706.

[53] Chen X, Yuan L, Zhang Z, Wang H, Liang G, Gu A. New glass
fiber/bismaleimide composites with significantly improved flame
retardancy, higher mechanical strength and lower dielectric loss. Compos
Part B 2015;71:96-102.

[54] LiS, Yan H, Feng S, Niu S. Synthesis and characterization of a
phosphorus-containing flame retardant with double bonds and its
application in bismaleimide resins. RSC Adv 2015;5:101480-6.

[55] Dershem SM, Mizori FG, Huneke JT. Materials and Methods for Stress
Reduction in Semiconductor Wafer Passivation Layers. US 8,710,682; 2014.

[56] lijima T, Yuasa N, Tomoi M. Modification of two-component bismaleimide
resin by blending (meth)allyl compounds as third components. Polym Int
1999;592:587-92.

[57] Aijuan GU, Guozheng L, Zhongming LI. A new bismaleimide system for resin
transfer molding. Polym Compos 1997;18:151-5.

[58] Sunitha M, Nair CPR, Krishnan K, Ninan KN. Kinetics of Alder-ene reaction of
Tris(2-allylphenoxy)triphenoxycyclotriphosphazene and bismaleimides - a
DSC study. Thermochim Acta 2001;374:159-69.

[59] Nair CPR, Sunitha M, Ninan KN. Cyclomatrix phosphazene polymers via
Alder-ene reactions. Polym Polym Compos 2002;10:457-65.

[60] Wang D, Liu P, Qu C, Liu L, Liu C, Yang H, et al. Synthesis and characterization
of multifunctional propenyl-endcapped aromatic co-monomers and their
use as bismaleimide modifiers. Polym Adv Technol 2016;27:185-94.

[61] Dershem S. Maleimide Compositions and Methods for Use Thereof. US
8,043,534 B2; 2011.

[62] Dicker MPM, Duckworth PF, Baker AB, Francois G, Hazzard MK, Weaver PM.
Green composites: a review of material attributes and complementary
applications. Compos Part A 2014;56:280-9.

[63] Neda M, Okinaga K, Shibata M. High-performance bio-based thermosetting
resins based on bismaleimide and allyl-etherified eugenol derivatives.
Mater Chem Phys 2014;148:319-27.

[64] Hannoda Y, Akasaka Y, Shibata M. Bio-based thermosetting bismaleimide
resins using cardany linolenate and allyl cardanyl ether. React Funct Polym
2015;97:96-104.

[65] Shibata M, Satoh K, Ehara S. Thermosetting bismaleimide resins generating
covalent and multiple hydrogen bonds. ] Appl Polym Sci
2016;133:43121/1-7.

[66] Shibata M, Shimasaki T, Satoh H, Iwai M, Neda M. Bio-based thermosetting
resins composed of aliphatic polyol-derived polymaleimides and
allyleugenol. React Funct Polym 2015;97:69-76.

[67] Shibata M, Itakura Y, Watanabe H. Bio-based thermosetting resins
composed of cardanol novolac and bismaleimide. Polym ] 2012;45:758-65.

[68] Shibata M, Tetramoto N, Imada A, Neda M, Sugimoto S. Bio-based
thermosetting bismaleimide resins using eugenol, bieugenol and eugenol
novolac. React Funct Polym 2013;73:1086-95.

[69] Shibata M, Teramoto N, Nakamura Y. High performance bio-based
thermosetting resins composed of tung oil and bismaleimide. ] Appl Polym
Sci 2011;119:896-901.

[70] Shibata M, Asano M. Biobased thermosetting resins composed of terpene
and bismaleimide. ] Appl Polym Sci 2013;129:301-9.

[71] Hirayama K, Irie T, Teramoto N, Shibata M. High-performance bio-based
thermosetting resins composed of dehydrated castor oil and bismaleimide. ]
Appl Polym Sci 2009;114:1033-9.

[72] Bucknall CB, Partridge IK. Phase separation in epoxy resins containing
polyethersulphone. Polymer 1983;24:639-44.

[73] Riew CK, Kinloch AJ, editors. Toughened Plastics I. Adv Chem, Vol. 233.
Washington, DC: American Chemical Society; 1993, 575 pp.

[74] Jin ], Cui ], Tang X, Ding Y, Li S, Wang ], et al. On polyetherimide modified
bismaleimide resins, 1: Effect of the chemical backbone of polyetherimide.
Macromol Chem Phys 1999;1960:1956-60.

[75] Baoyan Z, Ping LI, Xiangbao C. Studies of modified bismaleimide resins Part I
The influence of resin composition on thermal and impact properties. ]
Mater Sci 1998;3:5683-7.

[76] Liu X, Yu'Y, Li S. Viscoelastic phase separation in polyethersulfone modified
bismaleimide resin. Eur Polym ] 2006;42:835-42.

[77] Buyny RA. Bismaleimide Prepreg Systems. US 2007/0134480 A1; 2007.

[78] Bonneau MR, Boyd JD, Emmerson GT, Lucas SD, Howard S], Jacobs SD.
Particle-Toughened Fiber-Reinforced Polymer Composites. US 8,313,830 B2;
2012.

[79] Wilkinson SP, Ward TC, McGrath JE. Effect of thermoplastic modifier
variables on toughening a bismaleimide matrix resin for high-performance
composite materials. Polymer 1993;34:870-84.

[80] Rakutt D, Fitzer E, Stenzenberger HD. The fracture toughness and
morphology spectrum of bismaleimide/polyetherimide moulding
compounds. High Perform Polym 1990;2:133-47.

[81] Stenzenberger HD, Konig P. New functionalized poly(arylene-ether ketone)s
and their use as modifiers for bismaleimide resin. High Perform Polym
1993;5:123-37.

[82] Hamerton I, Klewpatinond P. Synthesis and characterization of
functionalized thermoplastics as reactive modifiers for bismaleimide resins.
Polym Int 2001;50:1309-17.

[83] Satheesh CM, Temina MR, Sunitha K, Dona M, Nair CPR. Allyl ether of aralkyl
phenolic resin with low melt viscosity and its Alder-ene blends with
bismaleimide: synthesis, curing, and laminate properties. Polym Adv
Technol 2014;25:881-090.

[84] Gopala A, Wu H, Harris F, Heiden P. Investigation of readily processable
thermoplastic-toughened thermosets: I. BMIs toughened via a reactive
solvent approach. ] Appl Polym Sci 1997;69:469-77.

[85] Gopala A, Wu H, Heiden P. Investigation of readily processable
thermoplastic- toughened thermosets: IIl. Toughening BMIs and epoxy with
a comb-shaped imide oligomer. ] Appl Polym Sci 1998;70:943-51.

[86] Gopala A, Wu H, Xu J, Heiden P. Investigation of readily processable
thermoplastic- toughened thermosets: IV. BMIs toughened with
hyperbranched polyester. ] Appl Polym Sci 1999;71:1809-17.

[87] Baek], Qin H, Mather PT, Tan L. A new hyperbranched
poly(arylene-ether-ketone-imide): synthesis, chain-end functionalization,
and blending with a bis(maleimide). Macromolecules 2002;35:4951-9.

[88] Qin H, Mather PT, Baek JB, Tan LS. Modification of bisphenol-A based
bismaleimide resin (BPA-BMI) with an allyl-terminated hyperbranched
polyimide (AT-PAEKI). Polymer 2006;47:2813-21.

[89] Jiang Z, Yuan L, Liang G, Gu A. Unique liquid multi-maleimide terminated
branched polysiloxane and its flame retarding bismaleimide resin with
outstanding thermal and mechanical properties. Polym Degrad Stab
2015;121:30-41.

[90] Recker HG, Tesch H, Weber T, Altstaedt V, Boyd ]D. Bismaleimide resin
systems toughened by addition of preformed functionalized low Tg
elastomer particles. US 5,532,296; 1996.

[91] Wei G, Sue H. Fracture mechanisms in preformed polyphenylene oxide
particle-modified bismaleimide resins. ] Appl Polym Sci 1999;74:2539-45.

[92] Zeng X, Yu S, Sun R. Effect of functionalized multiwall carbon nanotubes on
the curing kinetics and reaction mechanism of bismaleimide-triazine. ]
Therm Anal Calorim 2013;114:387-95.

[93] Ellis B. Chemistry and Technology of Epoxy Resins. 1 st ed. Dordrecht
Netherlands: Springer; 1993, 332 pp.

[94] Chattha MS, Dickie RA, Carduner KR. Epoxy-modified diallylbisphenol a and
bis(maleimidopheny1)methane thermoset compositions: composition and
dynamic mechanical thermal analysis. Ind Eng Chem Res
1989;828:1438-41.

[95] Musto P, Martuscelli E, Ragosta G, Russo P, Scarinzi G. An interpenetrated
system based on a tetrafunctional epoxy resin and a thermosetting
bismaleimide: structure —Properties correlation. ] Appl Polym Sci
1997;69:1029-42.

[96] Jena RK, Yue CY, Sk MM, Ghosh K. A novel high performance
bismaleimide/diallyl bisphenol A (BMI/DBA)-epoxy interpenetrating
network resin for rigid riser application. RSC Adv 2015;5:79888-97.

[97] Rivera R, Mehta N. Electrochemical impedance spectroscopy evaluation of
primed BMI-Graphite/Aluminum galvanic system. In: SAMPE 33rd Int
Technical Confer. Advancing Affordable Materials Technology. 2001. p.
924-37.

[98] Gaku M, Suzuki K, Nakamichi K. Curable Resin Compositions of Cyanate
Esters. US 4,110,364; 1978.

[99] Gotro JT, Appelt BK. Characterization of a bis- maleimide triazine resin for
multilayer printed circuit boards. IBM ] Res Dev 1988;32:616-25.

[100] Hamerton I. High-performance thermoset-thermoset polymer blends: a
review of the chemistry of cyanate ester-bismaleimide blends. High
Perform Polym 1996;8:83-95.

[101] Barton JM, Hamerton I, Jones JR. The synthesis, characterisation and thermal
behaviour of functionalised aryl cyanate ester monomers. Polym Int
1992;29:145-56.

[102] Lin RH, Lu WH, Lin CW. Cure reactions in the blend of cyanate ester with
maleimide. Polymer 2004;45:4423-35.

[103] Lin RH, Lee AC, Lu WH, Lin CW. Catalyst effect on cure reactions in the blend
of aromatic dicyanate ester and bismaleimide. ] Appl Polym Sci
2004;94:345-54.

[104] Crawford A. Novel Cyanate Ester Blends. 2014: University of Surrey; 2016.
PhD Thesis 207 pp.

[105] Nair CPR, Francis T. Blends of bisphenol A-based cyanate ester and
bismaleimide: cure and thermal characteristics. ] Appl Polym Sci
1999;74:3365-75.

[106] Crawford AO, Cavalli G, Howlin BJ, Hamerton I. Investigation of structure
property relationships in liquid processible, solvent free, thermally stable
bismaleimide-triazine (BT) resins. React Funct Polym 2016;102:110-8.

[107] Chaplin A, Hamerton I, Herman H, Mudhar AK, Shaw SJ. Studying water
uptake effects in resins based on cyanate ester/bismaleimide blends.
Polymer 2000;41:3945-56.

[108] Hamerton I, Herman H, Rees KT, Chaplin A, Shaw S]. Water uptake effects in
resins based on alkenyl- modified cyanate ester —bismaleimide blends.
Polym Int 2001;483:475-83.

[109] Kiskan B, Ghosh NN, Yagci Y. Polybenzoxazine-based composites as
high-performance materials. Polym Int 2011;60:167-77.


http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0245
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0250
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0255
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0260
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0265
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0270
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0275
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0280
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0285
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0290
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0295
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0300
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0305
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0310
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0315
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0320
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0325
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0330
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0335
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0340
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0345
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0350
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0355
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0360
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0365
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0370
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0375
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0380
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0385
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0390
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0395
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0400
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0405
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0410
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0415
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0420
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0425
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0430
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0435
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0440
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0445
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0450
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0455
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0460
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0465
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0470
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0475
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0480
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0485
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0490
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0495
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0500
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0505
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0510
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0515
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0520
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0525
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0530
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0535
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0540
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0545

RJ. Iredale et al. / Progress in Polymer Science 69 (2017) 1-21 21

[110] Santhosh Kumar KS, Reghunadhan Nair CP, Sadhana R, Ninan KN.
Benzoxazine-bismaleimide blends: curing and thermal properties. Eur
Polym ] 2007;43:5084-96.

[111] Wang Y, Kou K, Zhuo L, Chen H, Zhang Y, Wu G. Thermal, mechanical and
dielectric properties of BMI modified by the Bis allyl benzoxazine. ] Polym
Res 2015;22:51/1-8.

[112] Takeichi T, Saito Y, Agag T, Muto H, Kawauchi T. High-performance polymer
alloys of polybenzoxazine and bismaleimide. Polymer 2008;49:1173-9.

[113] Zhang ], Zhu C, Geng P, Wei Y, Lu Z. Nitrile functionalized
benzoxazine/bismaleimide blends and their glass cloth reinforced
laminates. ] Appl Polym Sci 2014;131:41072/1-7.

[114] GuY, Wang Z, Zhang Z, Ran Q, Zhu R, Ling H. High-toughness
high-heat-resistant poly-benzoxazine/bismaleimide blending resin and
preparation method thereof. CN 102850545A; 2013.

[115] Jin L, Agag T, Ishida H. Bis(benzoxazine-maleimide)s as a novel class of high
performance resin: synthesis and properties. Eur Polym ] 2010;46:354-63.

[116] GaoY, Huang F, Zhou Y, Du L. Synthesis and characterization of a novel
acetylene- and maleimide-terminated benzoxazine and its
high-performance thermosets. ] Appl Polym Sci 2013;128:340-6.

[117] Wu G, Kou K, Chao M, Zhuo L, Zhang ], Li N. Preparation and characterization
of bismaleimide-triazine/epoxy interpenetrating polymer networks.
Thermochim Acta 2012;537:44-50.

[118] Wang Y, Kou K, Wu G, Feng A, Zhuo L. The effect of bis allyl benzoxazine on
the thermal, mechanical and dielectric properties of bismaleimide-cyanate
blend polymers. RSC Adv 2015;5:58821-31.

[119] Shin YK. Flexible bismaleimide, benzoxazine, epoxy-anhydride adduct
hybrid adhesive. US 2014/0199549 A1; 2014.

[120] Cheng Q, Bao J, Park ], Liang Z, Zhang C, Wang B. High mechanical
performance composite conductor: multi-walled carbon nanotube
Sheet/Bismaleimide nanocomposites. Adv Funct Mater 2009;19:3219-25.

[121] Ajayan PM, Tour JM. Nanotube composites. Nature 2007;447:1066-8.

[122] Cheng Q, Wang B, Zhang C, Liang Z. Functionalized carbon-nanotube
sheet/bismaleimide nanocomposites: mechanical and electrical
performance beyond carbon-fiber composites. Small 2010;6:763-7.

[123] Wang X, Jiang Q, Xu W, Cai W, Inoue Y, Zhu Y. Effect of carbon nanotube
length on thermal, electrical and mechanical properties of
CNT/bismaleimide composites. Carbon 2013;53:145-52.

[124] HanY, Zhou H, Ge K, Guo Y, Liu F, Zhao T. Toughness reinforcement of
bismaleimide resin using functionalized carbon nanotubes. High Perform
Polym 2014;26:874-83.

[125] Novoselov KS, Geim AK, Morozov SV, Jiang D, Zhang Y, Dubonos SV, et al.
Electric field effect in atomically thin carbon films. Science 2004;306:666-9.

[126] Liu M, Duan Y, Wang Y, Zhao Y. Diazonium functionalization of graphene
nanosheets and impact response of aniline modified
graphene/bismaleimide nanocomposites. Mater Des 2014;53:466-74.

[127] Li W, Zhou B, Wang M, Li Z, Ren R. Silane functionalization of graphene
oxide and its use as a reinforcement in bismaleimide composites. ] Mater Sci
2015;50:5402-10.

[128] Liu C, Yan H, Chen Z, Yuan L, Lv Q. Effect of surface-functionalized reduced
graphene oxide on mechanical and tribological properties of bismaleimide
composites. RSC Adv 2015;5:46632-9.

[129] Zeng X, Yu S, Sun R. Thermal behavior and dielectric property analysis of
boron nitride-filled bismaleimide-triazine resin composites. ] Appl Polym
Sci 2013;128:1353-9.

[130] Huang F, Huang F, Zhou Y, Du L. Thermal properties of new bismaleimide
resins containing hydrogen silsesquioxane and diallyl bisphenol A. ] Appl
Polym Sci 2010;117:2932-6.

[131] Cao H, Xu R, Yu D. Thermal and dielectric properties of
bismaleimide-triazine resins containing octa (maleimidophenyl)
silsesquioxane. ] Appl Polym Sci 2008;109:3114-21.

[132] Huang F, Rong Z, Shen X, Huang F, Du L, Li Z. Organic/inorganic hybrid
bismaleimide resin with octa(aminophenyl)silsesquioxane. Polym Eng Sci
2008:1022-8.

[133] Hu]J, Gu A, Liang G, Zhuo D, Yuan L. Preparation and properties of
high-performance polysilsesquioxanes/bismaleimide-triazine hybrids. ]
Appl Polym Sci 2010;120:360-7.

[134] Devaraju S, Vengatesan MR, Selvi M, Alagar M. Thermal and dielectric
properties of newly developed linear aliphatic-ether linked

bismaleimide-polyhedral oligomeric silsesquioxane (POSS-AEBMI)
nanocomposites. ] Therm Anal Calorim 2014;117:1047-63.

[135] Meng ], Hu X. Synthesis and exfoliation of bismaleimide-organoclay
nanocomposites. Polymer 2004;45:9011-8.

[136] Yuan L, Ma X, Gu A, Yan H, Liang G, Wang W, et al. A novel organic rectorite
modified bismaleimide/diallylbisphenol A system. Polym Adv Technol
2009;20:826-33.

[137] Yuan L, Gu A, Liang G, Ma X, Yan H. Properties of fiber reinforced
bismaleimide(BMI)/0,0'-diallyl bisphenol A(BA)/Organic Rectorite(OREC)
composites. ] Reinf Plast Compos 2009;29:779-88.

[138] Wu G, Cheng Y, Wang K, Wang Y, Feng A. Fabrication and characterization of
OMMt/BMI/CE composites with low dielectric properties and high thermal
stability for electronic packaging. ] Mater Sci Mater Electron
2016;27:5592-9.

[139] Nelson JM, Hine AM, Sedgwick P, Lowe RH, Rexeisen E, King RM, et al.,
Development of Nanosilica-Bismaleimide (BMI) matrix Resins for Prepreg
Tooling Composites: Fortified Tooling Prepreg BMI. In: Storage KM, Storage
TM, Titchenal N, Beckwith SW, Covina CA, editors. SAMPE 2013 Conf Exhib
Educ Green Sky - Mater. Technol. a Better World, Long Beach CA, 2013. 13

pp.

[140] Yuan L, YanH, Jia Y, Li T. Microwave curing bismaleimide-triazine
composites filled with micro-silica and nano-silica. ] Reinf Plast Compos
2014;33:1743-50.

[141] Sipaut CS, Mansa RF, Padavettan V, Rahman IA, Dayou ], Jafarzadeh M. The
effect of surface modification of silica nanoparticles on the morphological
and mechanical properties of bismaleimide/diamine matrices. Adv Polym
Technol 2015;34:21492/1-10.

[142] Shumaker JA, McClung AJW, Baur JW. Synthesis of high temperature
polyaspartimide-urea based shape memory polymers. Polymer
2012;53:4637-42.

[143] McClung AJW, Shumaker JA, Baur JW. Novel bismaleimide-based shape
memory polymers: comparison to commercial shape memory polymers. In:
ASME2011 Conf Smart Mater Adap. Struct Intell Syst. 2011. p. 95-102.

[144] Tong TH. Maleimide Based High Temperature Shape Memory Polymers. US
7276195 B1; 2007.

[145] Biju R, Nair CPR. High transition temperature shape memory polymer
composites based on bismaleimide resin. High Perform Polym
2013;25:464-74.

[146] Peterson AM, Jensen RE, Palmese GR. Room-temperature healing of a
thermosetting polymer using the Diels-Alder reaction. ACS Appl Mater
Interfaces 2010;2:1141-9.

[147] Scheltjens G, Brancart ], De Graeve I, Van Mele B, Terryn H. Van Assche G.
Self-healing property characterization of reversible thermoset coatings. ]
Therm Anal Calorim 2011;105:805-9.

[148] Du P, Liu X, Zheng Z, Wang X, Joncheray T, Zhang Y. Synthesis and
characterization of linear self-healing polyurethane based on thermally
reversible Diels—Alder reaction. RSC Adv 2013;3:15475/1-8.

[149] Zhang W, Duchet ], Gérard JF. Self-healable interfaces based on
thermo-reversible Diels-Alder reactions in carbon fiber reinforced
composites. ] Colloid Interface Sci 2014;430:61-8.

[150] Xu Z, Zhao Y, Wang X, Lin T. A thermally healable polyhedral oligomeric
silsesquioxane (POSS) nanocomposite based on Diels-Alder chemistry.
Chem Commun 2013;49:6755-7.

[151] Gao H, Ding L, Li W, Ma G, Bai H, Li L. Hyper-cross-linked organic
microporous polymers based on alternating copolymerization of
bismaleimide. ACS Macro Lett 2016;5:377-81.

[152] Hou TH, Miller SG, Williams TS, Sutter JK. Out-of-autoclave processing and
properties of bismaleimide composites. ] Reinf Plast Compos
2013;33:137-49.

[153] Yan'Y, Shi X, LiuJ, Zhao T, Yu Y. Thermosetting resin system based on
novolak and bismaleimide for resin-transfer molding. ] Appl Polym Sci
2002;83:1651-7.

[154] Anandan S, Dhaliwal GS, Samaranayake VA, Chandrashekhara K, Berkel TR,
Pfitzinger D. Influence of cure conditions on out-of-autoclave
bismaleimidecomposite laminates. ] Appl Polym Sci 2016;133:43984/1-7.

[155] Lee ], Boyd J, Kuo A. Thermosettable Resin With Improved Storage Stability
and Oxidative Stability. US 5,955,566; 1999.


http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0550
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0555
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0560
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0565
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0570
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0575
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0580
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0585
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0590
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0595
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0600
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0605
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0610
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0615
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0620
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0625
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0630
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0635
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0640
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0645
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0650
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0655
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0660
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0665
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0670
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0675
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0680
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0685
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0690
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0700
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0705
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0710
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0715
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0720
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0725
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0730
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0735
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0740
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0745
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0750
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0755
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0760
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0765
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0770
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775
http://refhub.elsevier.com/S0079-6700(16)30112-5/sbref0775

	Modern advances in bismaleimide resin technology: A 21st century perspective on the chemistry of addition polyimides
	1 Introduction to BMI chemistry
	1.1 Historical perspective
	1.2 Conventional ‘first generation’ BMI systems
	1.3 Second generation ‘toughened’ BMI systems
	1.4 Background to the present review

	2 Development of novel BMI monomers
	2.1 Improving toughness in cured BMIs
	2.2 Improving processability of BMI monomers
	2.3 Improving high temperature performance of cured BMIs
	2.4 Improving flame resistance in cured BMIs
	2.5 Low modulus BMIs
	2.6 DABA alternatives and additives
	2.7 BMI co-monomers derived from naturally occurring feedstocks

	3 Thermoplastic modified BMIs
	3.1 Modifier variables
	3.2 Functionalised backbones
	3.3 Low molecular weight thermoplastics
	3.4 Hyperbranched polymers
	3.5 Reactive elastomers
	3.6 Particle toughening

	4 Thermoset blends
	4.1 BMI/Epoxy
	4.2 BMI/cyanate ester
	4.3 BMI/Benzoxazine
	4.4 Ternary blends

	5 Novel BMI nanocomposites
	5.1 Carbon nanotubes
	5.2 Graphene
	5.3 Boron nitride
	5.4 POSS reagents
	5.5 Nanoclay fillers
	5.6 Nanosilica

	6 BMIs IN SMART MATERIALS
	6.1 Shape memory polymers based on BMIs
	6.2 Bismaleimides in self-healing thermosets

	7 Continuous fibre BMI composites
	8 Conclusions and future outlook for BMI chemistry
	Acknowledgements
	References


