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Abstract

PolyHIPEs are an important class of porous polymers with well-defined hierarchical porosity and tunable morphology. However,
the insufficient mechanical properties arise due to high volume of voids bringing difficulties in applications. In this study,
polyHIPEs with tailored morphological and mechanical properties were prepared by using a monoterpene for the first time. In
this respect, copolymerization of 3-myrcene with several comonomers within water-in-oil (w/0) high internal phase emulsions
(HIPES) has been extensively investigated. Accordingly, combining S-myrcene and ethylene glycol dimethacrylate (EGDMA) in
polyHIPE structure was demonstrated as a successful approach for tailoring the morphology, as well as the mechanical strength.
PolyHIPEs with cavities between 1.09 and 3.55 um were obtained by changing the ratio of S-myrcene in the continuous phase of
HIPEs. Moreover, resulting polyHIPEs have found to have improved mechanical strength. The highest compressive modulus
achieved for the obtained monoliths was determined to be 38.8 MPa.
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Introduction

Poly(high internal phase emulsion)s (polyHIPESs) are an important
subclass of porous materials offering many advantages in various
fields depending on their hierarchically ordered pore structure [1,
2]. They are generally obtained by polymerization of the continu-
ous phase of water-in-oil (w/0) type high internal phase emulsions
(HIPEs) which are containing monomeric species.

HIPEs are concentrated emulsions consisting at least
74 vol% of internal (dispersed) phase. This specified volume
ratio is not a random figure. However, it is corresponding to
the maximum packing fraction of monodisperse and
undeformable spheres [2]. In general, polymerization of a
HIPE template is proceeded by free radical polymerization.
However, depending on the choice of monomers, different
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polymerization methods including step growth polymeriza-
tion [3-5], atom radical transfer polymerization (ATRP) [6],
reversible addition-fragmentation chain transfer polymeriza-
tion (RAFT) [7], and ring opening metathesis polymerization
(ROMP) [8, 9] were also adapted to emulsion templating po-
lymerization approach.

Polymerization of the external monomer phase was follow-
ed by removal of the internal phase, and the drying steps allow
the formation of highly cross-linked, open porous, and low-
density monoliths [10, 11]. In general, obtained monoliths
have two levels of distinctive topology. In this topology, while
the primary macropores are usually termed as cavities or
voids, the secondary pores are termed as interconnecting
pores, pore throats, or windows [12]. The average size of
macropores, which reflects the HIPE droplet size, is deter-
mined by the combination of experimental parameters [13]
and typically changed between 500 nm and 100 pm.
Because of macropore predominance in topology, specific
surface area of polyHIPEs is usually lower than 50 m?/g,
while their densities are at around of 0.1 g/cm’.

So far, styrene, which has a hydrophobic structure, is the
most used monomer for the preparation of polyHIPEs. In most
of the studies, divinylbenzene (DVB), another hydrophobic
bifunctional monomer, was used as a cross-linker [12, 13].
However, combination of the polymer chains composed of
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styrene and DVB units, with highly porous structure, usually
gives monoliths suffering from brittleness and chalkiness
[13—16]. In this respect, several approaches have been devel-
oped by researchers to overcome the drawback arisen from
low mechanical strength including (i) preparation of
polyHIPE composites/nanocomposites by incorporating
nanoparticles [14, 16—18], (ii) increasing monolith density
by using lower internal phase emulsions [18, 19], (iii) increas-
ing the chain flexibility by incorporating monomers having
spacer groups and higher free volume into HIPE templates
[15, 19-22], and (iv) using monomers such as
dicyclopentadiene that are provided to obtain high strength
polymers [8, 17, 23, 24].

The last two of the above-mentioned approaches are main-
ly based on the control of the chemistry over choice of mono-
mer and cross-linker, while they are usually implemented
using another type of synthetic monomer rather than styrene
or DVB. The main drawback in here is being highly depen-
dent on fossil resources. On the other hand, using bio-derived
monomers could be a solution both to overcome the disadvan-
tages arises from low mechanical strength and to become un-
dependent on fossil resources. In this respect, there are several
sustainable monomers such as norbornene and lactide that can
polymerize through ring opening mechanisms. However, ter-
penes can undergo free radical polymerization and give poly-
mers with isoprene-like building blocks [25].

Terpenes are bio-derived monomer species having one,
two, three, or more isoprene units. Myrcene on the other hand
is a hydrophobic acyclic monoterpene having three double
bonds. As a naturally occurring feedstock, the biocompatibil-
ity of this monomer was also approved [26]. Polymerization
of myrcene has known to have various benefits such as im-
proving biological and mechanical properties, providing sites
for post-functionalization and post-polymerization reactions,
as well as producing cross-linked matrices [25]. In this re-
spect, considerable attention has been paid on polymerization
and copolymerization reactions of myrcene. Anionic, cationic,
coordination, and even controlled and free radical polymeri-
zation reactions in different polymerization mediums of this
monoterpene were investigated by many scientists [25,
27-32]. However, it was revealed out that free radical poly-
merization was not as successful as the others due to the hin-
drance of formation of branching and cross-linking by chain
transfer reactions [33-36].

In this study, we aimed to prepare polyHIPE monoliths by
free radical copolymerization of S-myrcene. In this respect,
we investigated the influence of 3-myrcene and selected co-
monomers on the stability of HIPEs, and as well as on the
preparation of cross-linked monoliths. To our knowledge,
for the first time in the literature, we have succeeded cross-
linking of -myrcene in the continuous phase of w/o HIPE
templates through free radical copolymerization by using a
dimethacrylate comonomer.

@ Springer

Materials and methods
Materials

[-Myrcene (technical grade, MG International Fragrance
Company: Giilgicek Kimya), 2-ethyl hexyl acrylate (2-EHA,;
98%, Sigma-Aldrich), glycidyl methacrylate (GMA; 97%,
Sigma-Aldrich), methyl methacrylate (MMA; 99%, Sigma-
Aldrich), ethylene glycol dimethacrylate (EGDMA; 98%,
Sigma-Aldrich), Pluronic® L121 (poly(ethyleneglycol)-
block-poly(propyleneglycol)-block-poly(ethyleneglycol),
Mn ~ 4400, non-ionic surfactant, Aldrich), potassium persul-
fate (KPS; >99%, ACS reagent), and calcium chloride hexa-
hydrate (CaCl,.6H,0; 98%, Sigma-Aldrich) were used as re-
ceived. In all experiments, ultrapure double distilled deionized
water was used.

HIPE preparation and stability tests

HIPEs were prepared by dispersing 40 mL of internal phase in
10 mL of continuous phase. Continuous phase was prepared by
mixing specified amounts of F-myrcene, comonomer (2-EHA,
GMA, MMA or EGDMA), and Pluronic® 1.121 (30 vol% with
regard to continuous phase volume) in a round bottom 2-necked
reactor equipped with an overhead stirrer. The volume ratio of /3-
myrcene to comonomer was kept constant at 10/90. Then, the
internal phase (deionized water containing 1 wt% of
CaCl,.6H,0) was added by droplets into the continuous phase
with the help of a peristaltic pump (pump rate: 50 rpm), under
constant stirring (400 rpm). In order to obtain homogeneous
distribution of emulsion droplets, stirring was continued for an
extra 30 min after the addition of internal phase was completed.
Then, the HIPEs were transferred into lidded glass containers.
The HIPE consisting of only S-myrcene was also prepared ac-
cording to the above described method.

Stability tests were performed at two different tempera-
tures. For this purpose, the HIPEs were placed in constant
temperature ovens at 25 °C and 60 °C. Then, the stability of
the HIPEs was investigated based on the principle of observ-
ing phase separation. All tests were continued for 4 weeks.

PolyHIPE synthesis

In all cases, polyHIPEs were prepared by 80 vol% of
nominal porosity. In order to obtain polymerized HIPE
monoliths, the same experimental approach described
above was used. The only difference from the procedure
given above was the preparation of the internal phase
by the addition of KPS (1 mol%, with regard to total
mole number of the used monomers) in addition to
CaCl,.6H,0. After HIPEs were obtained, they were
transferred into glass containers and polymerized at
60 °C by closing the lids. Polymerization was continued
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either 24 h or 48 h. After polymerization, resulting
monoliths were extracted with ethanol in a Soxhlet ap-
paratus for 24 h and then dried under vacuum at 40 °C
until the constant weighing was available.

The influence of the monomer composition was investigat-
ed through the formulation resulting in cross-linked polyHIPE
monoliths. For this purpose, S-myrcene/comonomer ratio was
altered between 10/90 and 90/10 while keeping the other ex-
perimental conditions constant. Polymerization at these con-
ditions was continued for 24 h at 60 °C.

Methods
Pore morphology

Pore morphology of the polyHIPEs was investigated via scan-
ning electron microscopy (SEM; ZEISS Supra 40 VP,
Germany). With this purpose, small pieces taken from the
samples were first coated with gold. SEM images were used
for the calculation of average cavity sizes (CS) and intercon-
nected pore diameters (IPD). With this respect, at least 100
measurements were taken from the cavities, while more than
180 measurements were taken from the interconnected pores.
Then the average diameters were calculated after multiplying
each measurement by a correction factor (2/3 12y The statisti-
cal error was also determined for each calculation [37].

Brunauer-Emmet-Teller (BET) surface area

BET surface area (dggr) of the resulting monoliths was deter-
mined by using Micromeritics Gemini VII Surface Area and
Porosity Analyzer (Micromeritics Instrument Corporation,
USA). Prior to analysis, each sample was prepared for analy-
sis by degassing on Micromeritics FlowPrep 060 Sample
Degas Unit (Micromeritics Instrument Corporation, USA).
Degassing was continued for 48 h at 25 °C. For each monolith
sample, three measurements were taken by using three differ-
ent specimens. BET surface areas of the monoliths were cal-
culated as the arithmetic average of three measurements.

Mechanical properties

Since the obtained monoliths were cross-linked polymer
foams, mechanical strength was measured against 10 kN com-
pressive force according to the Standard Test Method for
Compressive Properties of Rigid Cellular Plastics (ASTM
D1621-04a) by using a ZwickRoell Z020 Universal Testing
Machine (Zwick GmbH & Co0.KG, Germany). Accordingly,
stress/strain plots were recorded on a testXpert II Testing
Software, and compression modulus was determined from
the initial slope of the stress/strain plots. For the mechanical
testing of each polyHIPE monolith, five different specimens
were synthesized. Testing specimens were used directly after

the purification step, without applying any cutting or break-
ing. Compression modulus was calculated as the arithmetic
average of five measurements. Standard error was also calcu-
lated for each monolith sample.

Results and discussion

Preparation of S-myrcene based HIPEs was carried out by
using different types of comonomers. For this purpose, como-
nomers were chosen considering the functional groups, reac-
tivities, and spacer groups. The influence of 2-ethyl hexyl
acrylate (2-EHA), glycidyl methacrylate (GMA), methyl
methacrylate (MMA), and ethylene glycol dimethacrylate
(EGDMA) as comonomer was investigated on the formation
of w/o HIPEs. In order to find out the influence of comono-
mer, internal phase volume and S-myrcene/comonomer ratio,
as well as the other emulsification parameters (i.e., addition
rate of internal phase, surfactant ratio, mixing rate and time),
were kept constant. In each experiment, HIPEs were prepared
by using 80 vol% of internal phase, while the ratio of /-
myrcene/comonomer was 10/90. In all cases, combining -
myrcene with the selected comonomers resulted in highly sta-
ble HIPEs. To investigate the temperature-dependent stabili-
ties of the obtained HIPEs, stability tests were performed at
constant temperatures (25 °C and 60 °C) against phase sepa-
ration. The HIPE, which was prepared by using [S-myrcene
alone, was also checked. Accordingly, it was determined that
the resulting emulsions did not compromise stability at 25 °C
during the test. Also, phase separation was not observed for
the tested HIPEs for 48 h at 60 °C.

Copolymerization of S-myrcene in w/o type HIPEs with
the selected comonomers was also studied. For this purpose,
the optimum emulsification and polymerization conditions
were kept constant. Copolymerization reactions were carried
out using KPS as a radical source. Accordingly, copolymeri-
zation reactions were performed at 60 °C for 24 h.
Homopolymerization of S-myrcene was also studied at the
same experimental conditions. Copolymerization of the
HIPE containing S-myrcene and EGDMA in the oil phase
was yielded a highly cross-linked polyHIPE monolith.
However, copolymerization of -myrcene with 2-EHA,
GMA, and MMA did not yield cross-linked polymers.
Homopolymerization of g-myrcene also could not be
achieved at the same conditions. For this reason, the influence
of increasing the polymerization time was investigated by
prolonging the polymerization time of S-myrcene, -
myrcene/2-EHA, [S-myrcene/GMA, and S-myrcene/MMA
based HIPEs to 48 h. It was observed that the prolonged po-
lymerization time had no significant effect on the cross-
linking of emulsion templates. This result might be attributed
to the high reactivity of G-myrcene [38] as well as the steric
hindrance of consecutive double bonds. Due to its high
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reactivity, in most of the cases, growing copolymer chains
tend to add S-myrcene, rather than comonomers. On the other
hand, high molecular weight homopolymers of poly(3-
myrcene)s are also not common due to the increased revers-
ibility of the radical in the propagation step [39]. Despite
emulsion templating is a simple approach, the complexity of
the medium which is composed of monomers, initiator radi-
cals, emulsifying agent, and high-volume fraction of internal
phase has an ultimate effect on the ongoing polymerization
reactions. In terms of polymerization kinetics, both the hydro-
philicity and the water solubility of the monomers have great
importance. Since S-myrcene is quite hydrophobic, it predom-
inantly exists in the continuous phase. Persulfate radicals, on
the other hand, are produced in the water phase and diffused to
continuous phase through water. Thus, polymerization reac-
tion is expected to proceed at the continuous phase or the
interface. In case of homopolymerization of §-myrcene, back
reaction for trisubstituted internal double bonds might be pre-
dominant. Since poly(8-myrcene)s usually consist four differ-
ent repeating units (cis- and trans-1,4-; 1,2-; 3 4-units; and
stereoisomers), final microstructure of the homopolymer is
very complex and determined by the synthetic conditions
[39]. On the other hand, addition of monomers to the growing
chain radicals depends on the structure of monomers and
monomer reactivities, at copolymerization conditions.
Considering the phase ratios of HIPEs, monomer polarity
and water solubility should also be determinative. We believe
that in case of EGDMA, ethylene glycol unit contributes to
decreasing the steric hindrance. On the other hand, 2-EHA,
GMA, and MMA units might hinder the chains growing or
formations of cross-links due to the increased steric hindrance.
It is also possible that with the above-mentioned comonomers,
[3-myrcene tends to add itself as a result of high reactivity, and
the predominant back reaction of trisubstituted internal double
bonds prevents chain growing. Another probable scenario is
that the above-mentioned comonomers act as chain transfer
agents in the experimental conditions. This situation might
hinder the cross-linking of polymer chains [33-36].

The influence of comonomer composition on the synthe-
sized poly(S-myrcene-co-EGDMA) polyHIPEs was investi-
gated in terms of morphological, mechanical, and thermal
properties. With this aim, S-myrcene/EGDMA ratio was al-
tered between 10/90 and 90/10. In all cases, stable HIPEs were
obtained, and copolymerization of each HIPE template result-
ed in solid monoliths. Resulting monoliths were termed as
PMyE-x, in which x is denoting the order of experiments
and J-myrcene ratio.

Morphology of the PMyE-x monoliths was investigated
via SEM imaging. To make a meaningful comparison and
demonstrate the presence of S-myrcene on the final properties,
polyEGDMA (PEGDMA) monolith was also synthesized.
The pore morphology of PEGDMA is presented in Fig. 1a,
while SEM images of PMyE-x monoliths are presented in Fig.
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1b—j. According to the SEM image given in Fig. la,
PEGDMA monolith exhibits cauliflower morphology.
Previous studies in the literature have shown that the same
trend was observed also with the polymerization of HIPEs
based on polar functional monomers such as EGDMA [14,
40], MMA [14, 15], and GMA [41]. It was suggested that the
cauliflower morphology was observed in the case of using a
reaction mixture composed of monomer, cross-linker, initia-
tor, and porogen. The basis of this suggestion is relied on the
solubility of polymer chains in porogenic solvents. There are
also some examples of monoliths with similar morphologies
obtained without the use of porogenic solvents [14, 40].
However, the appearance of cauliflower morphology can be
explained by the solubility of the growing polymer chains in
general. By polymerization, solubility of the growing chains
in the reaction mixture decreases with the increase of polymer
chain length. Afterwards, polymer chains precipitate and form
nuclei. It is known that thermodynamically a monomer is a
good solvent for its polymer. In the later stages of polymeri-
zation, precipitated polymer nuclei start to be swollen with its
own monomer. At this point, the concentration of monomer
molecules in the surrounding reaction mixture is lower than
the concentration in the nuclei. Consequently, polymerization
in the nuclei is kinetically preferred. In the end, first
microglobules are formed due to the increment of the
size of nuclei, and then these microglobules formed
clusters as a result of aggregation. The cauliflower mor-
phology is suggested to be the result of the cross-
linking of grown microglobules [42—44].

Comparison of the SEMs given in Fig. 1 reveals that the
unique polyHIPE morphology consisting of cavities connect-
ed through interconnected pores only occurred for the (-
myrcene ratios lower than 70 vol%. For the comonomer ratios
changing between 10/90 and 50/50, resulting monoliths were
exhibiting a highly open porous morphology. However, the
number of the interconnected pores significantly decreased for
the monolith sample pMyE-6, while pMyE-7 sample was
exhibiting fully closed-cell morphology.

For the monoliths in which §-myrcene was higher than
70 vol% (PMyE-8 and PMyE-9), significant amount of vol-
ume contraction was observed after drying of the solvent ex-
tracted samples. In addition, it was determined that these
monoliths had a distinctive rubbery behavior and exhibited
reversible deformation. However, the SEM images given in
Fig. 1i and j revealed that the cavities were fully collapsed in
these samples. It is known that the voids of a polyHIPE are
formed as a result of the continuous polymer film formation
around the emulsion droplets during polymerization, and the
interconnected pores are formed as a result of volume contrac-
tion accompanying the conversion of monomer units into
polymer chains [10]. Consequently, the collapse of the pore
topology can be thought to be the result of S-myrcene’s free
radical polymerization kinetics. At higher S-myrcene ratios,
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Fig. 1 SEM images of the
polyHIPE monoliths: (a)
PEGDMA, (b) PMyE-1, (¢)
PMyE-2, (d) PMyE-3, (¢) PMyE-
4, (f) PMyE-5, (g) PMyE-6, (h)
PMyE-7, (i) PMyE-8, and (j)

PMyE-9

addition of EGDMA monomer to growing chains or the cross-  one can also say that the surfactant used does not function
linking of chains may have prevented. Another probability =~ enough, at these conditions.

might be the change of interfacial tension due to the increase On the other hand, it was observed that the cavity structures

of B-myrcene amount. Within the frame of this probability, =~ were also highly related to the monomer ratios. While the
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Table 1 Morphological

properties and compression Sample fB-Myrcene/ CS (um) IPD (km) dper (m’g ') CM (MPa)

moduli of the polyHIPE EGDMA

monoliths
PMyE-1 10:90 1.12+0.04 0.19+0.01 36.04 3420 +0.42
PMyE-2 20:80 1.09+0.03 0.15+0.00 34.45 34.80 + 0.97
PMyE-3 30:70 2.41+0.06 0.24+0.01 32.41 37.10 + 1.66
PMyE-4 40:60 2.08 £0.05 0.31+£0.01 24.70 38.80 + 0.57
PMyE-5 50:50 2.30+0.09 0.31+£0.01 21.81 34.80 + 0.38
PMyE-6 60:40 3.19+0.15 0.30+0.01 16.51 18.70 £ 0.61
PMyE-7 70:30 3.55+£0.19 - 8.56 11.20 £ 0.15
PMyE-8 80:20 — - 427 5.57 £0.03
PMyE-9 90:10 — - 0.07 0.15 £ 0.00
PEGDMA — 1.91+0.09 0.39+0.01 18.08 9.65 £ 0.09

shape of cavities was spherical for the monoliths having f3-
myrcene ratios lower than 60 vol%, polyHIPEs prepared with
[-myrcene ratios of 60 and 70 vol% were found to have cav-
ities more like polyhedral than spherical. In addition, for the
open porous monoliths, interconnected pores were almost per-
fectly spherical. As reported in the literature, this pore mor-
phology can be attributed to the locus of initiation. In the
presence of a water-soluble initiator, HIPE polymerization is
mostly expected to be initiated at the interface. In the interfa-
cial initiation, the thin film between two adjacent water drop-
lets stabilized at the interface and the water-soluble initiator
ensure polymerization on droplets and lead to the formation of
flat films which resulted in closed-cell polyhedral structure.
However, polymerization is initiated in the bulk phase in the
presence of an oil-soluble initiator, and the thin film formed
between the adjacent water droplets is teared to give an open-
cell spherical morphology. [2, 45—49]. In this study, as well as
a water-soluble soluble initiator was used in all cases,

Fig. 2 Share of cavities for the

PMy-1 EPMy-2 EPMy-3 [©EPMy-4 [EPMy-5 mMPMy-6

formation of closed-cell polyhedral pores was observed only
after a critical monomer ratio was exceeded. This result im-
plies that HIPEs are stable when the (3-myrcene ratio was less
than 60 vol%. This situation might be explained by the
hydrohilic/lyphophilic balance of the continuous phase and
the function of the used surfactant (Pluronic® L121). Since
[J-myrcene has a highly hydrophobic structure on the contrary
to EGDMA, it can be thought that stabilizing ability of the
surfactant was reduced at higher S-myrcene ratios. At low
[-myrcene ratios, as a result of the higher stabilizing function
of the surfactant, it can be thought that the polymerization
mainly continued in the continuous phase. Thereby, open-
cell monoliths with spherical cavities are formed. Once the
ratio of S-myrcene exceeded a critical limit, the soluble radi-
cals in the aqueous phase are located at the interface, and the
locus of initiation shifts to the interface. As a result, at these
conditions, obtained polyHIPEs have higher average cavity
sizes. In addition, pore morphology has turned into polyhedral

PMy-7 EPEGDMA

polyHIPE monoliths
100

90
80
70
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40
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10
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Fig. 3 Stress/strain plots of the - ---PMyE-1 - PMyE-2 —-- PMyE-3 --- PMyE-4 — -PMyE-5 ——PEGDMA
polyHIPE monoliths
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closed-cell morphology from spherical open-cell. The
reader should be reminded that we prepared all HPEs
in this by using 30 vol% Pluronic® L121 and 1 mol%
of KPS. We believe that the pore morphology and
openness can be altered by using surfactant mixtures.
It is also possible to control the polymer film rupture
by preventing the rapid polymerization [47, 50]. We
will discuss this in a follow-up paper.

SEM images were also used for the calculation of average
cavity size (CS) and interconnected pore diameter (IPD).
Calculated data were presented in Table 1. According to
Table 1, average cavity size of PMyE-x monoliths was altering
between 1.09 and 3.55 um, while interconnected pore diameter
was ranging between 0.15 and 0.31 pm. As compared with
PEGDMA monolith, addition of S-myrcene first decreases the
average cavity size. With the increasing (-myrcene ratio in the
continuous phase, average cavity size of the resulting monoliths
was also increased. It was observed that for the samples having
10 and 20 vol% of S-myrcene, variation of cavity size was neg-
ligible. As mentioned above, the variation of cavity size becomes
distinctive by exceeding the critical S-myrcene ratio. It can be

Strain (%)

concluded by considering the SEM images given in Fig. 1 that
the change of the cavity size should be evaluated together with
the geometry of the cavities.

Cavity share graph presented in Fig. 2 reveals the narrow
cavity size distribution especially for PMyE-1 and PMyE-2
monoliths. According to cavity size distribution calculations,
respectively, 96% and 98% of the cavities of these monolith
samples are changing between 0 and 2 pum. It is observed that
the monomer ratio has an important effect, also on the cavity
size distribution. It can be seen from Fig. 2 that cavity size
distribution was altered with the increasing ratio of -
myrcene. In monoliths where the ratio of S-myrcene varies
between 30 and 50 vol%, it is seen that the cavities were
distributed between 0-2 and 2—4 pum. However, monoliths
prepared by using 60 vol% and 70 vol% of (3-myrcene were
found to have wider cavity size distribution. In addition,
interconnected pore sizes increased with increasing
amount of [F-myrcene as compared with the neat
PEGDMA monolith. However, when the ratio of como-
nomers reached to 50/50, the increment of the intercon-
nected pore sizes has also stopped.
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BET specific surface area (dgg) of the obtained monoliths
was measured through N, adsorption/desorption analysis. For
this purpose, BET equation was applied to the N isotherms of
the monolith samples. It was found that the specific surface
area of the PMyE-x monoliths rapidly decreased with the in-
creasing ratio of S-myrcene. In addition, variation of the spe-
cific surface area was found to be coherent with the variation
of average cavity sizes.

Mechanical strength of the resulting monoliths was inves-
tigated against 10 kN compression load. The compression
modulus (CM) of each monolith was determined from the
initial slope of the stress/strain plots that were presented in
Fig. 3. In order to demonstrate the influence of S-myrcene
on the compressive strength, the neat PEGDMA monolith
was also tested for comparison. It can be seen from the com-
pression modulus data presented in Table 1 that S-myrcene
significantly improved the compressive strength of the
polyHIPE monoliths. Replacing even 10 vol% of EGDMA
monomer by myrcene in the formulation leads compression
modulus to increase at a ratio as high as 254.4%. Moreover, it
has been observed that the increase in the compression mod-
ulus continues to increase until the S-myrcene/EGDMA ratio
is 50/50. With the increase of myrcene ratio up to 60 vol%, a
significant decrement was observed in compression modulus.
Accordingly, decrement of compression modulus continued
with the increasing ratio of S-myrcene for the monolith sam-
ples PMyE-7, PMyE-8, and PMyE-9. Even though the PMyE-
8 and PMyE-9 exhibit reversible deformation, these monoliths
have shown the lowest compressive strength.

Conclusion

In summary, it was demonstrated that S-myrcene can be used
as a renewable monomer for the preparation of polyHIPE
monoliths having relatively improved mechanical strength ac-
companied with narrow cavity size distribution. In addition,
the importance of reaction kinetics at the copolymerization of
[-myrcene with conventional monomers was emphasized. It
was shown that myrcene was only copolymerized with
EGDMA, which has an ethylene glycol spacer group.
Morphological and mechanical investigations showed that
final properties of the polyHIPE monoliths can be tailored by
changing the monomer composition. It was found that (-
myrcene has a positive contribution on the mechanical prop-
erties due to its isoprene units. Brittleness of the obtained
polyHIPE monoliths had reduced thanks to the rubbery-like
behavior of polymerized 5-myrcene and of course the contri-
bution of flexible EGDMA units. 50/50 monomer ratio has
also been found to be the critical monomer composition for
the determination of optimum morphological and mechanical
properties. In addition, it was also concluded that for the prep-
aration of S-myrcene polyHIPEs to be used in various

@ Springer

applications, experimental parameters, such as internal phase
ratio, surfactant type and amount, and polymerization rate,
should also be investigated comprehensively. In a follow-up
work, we will elaborate on the relation between these experi-
mental parameters and pore morphology.
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