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ABSTRACT

Mechanical properties and morphology of styrene—based

lonomer containing crown ether

Park, Hye Ryeon

Advisor: Prof. Lee, Beom-gyu, Ph.D.
Department of Chemistry,

Graduate School of Chosun University

Co—advisor: Prof. Kim, Joon—-Seop, Ph.D.
Department of Energy Convergence,

Graduate School of Chosun University

In the present work, the effects of the degree of neutralization, the addition of
crown ether (CE) or pentaethylene glycol (EG) on the dynamic mechanical
properties and morphology of the styrene-based ionomers were investigated. It was
found that the decrease in the neutralization degree reduced the clustering degree
of MAS59Na ionomers. This was owing to the fact that the acid groups of
methacrylic acid resided in the multiplets together with the ionic groups of the
ionomers, leading to a H'<Na' exchange mechanism. This type of exchange
mechanism made the acid groups act as multiplet plasticizer, which affected the
multiplet formation and lowered the clustering degree. On the other hand, It was
observed that the addition of CE affected the ionomer’s clustering more strongly
than the neutralization degree. This might be owing to the fact that the CE formed
complexes with Na+, enlarged the cation size and reduced effective charge density

of the cation, which weakened the strength of interactions between ion pairs in the
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multiplet. In addition, the complexes resided in the multiplets acted also as
multiplet plasticizer. These two factors influenced the mechanical properties and
morphology of MAS.9Na ionomers simultaneously. In the case of EG, we found a
more significant plasticization effect, compared to that of CE. This was reasonable
because the mobility of linear EG would be higher than that of ring-type CE. The
activation energies (E.) for the glass transitions of ionomers also supported the
interpretation mentioned above. That is, the E, for the matrix 7; of ionomer
decreased more significantly with adding EG to the ionomer, compared to CE,
indicating that the EG made the ionomer need smaller E, for the matrix 7g,

compared to the CE.

For SA5.6Na ionomers, it was found that the addition of CE affected the matrix T
more strongly, than the neutralization degree. In addition, the curve deconvolution
of the loss tangent peaks revealed that the size of cluster tan & peak decreased
with decreasing neutralization degree, but it remained more or less constant with
the addition of CE. This indicated that the addition of CE did not affected the size

of the cluster regions.

Thus, it was proposed that the difference in the effects of the addition of CE was
caused by the differences in the strength of interactions between the anionic
groups and cationic groups of MAS59Na and SAS5.6Na ionomers and 3-dimensional
packings of ion pairs in the multiplets. That is, in the case of SA5.6Na ionomers
having stronger interactions between ion pairs, Na+ cation that formed a complex
with CE could interacted, probably very weakly, with sulfonate anionic group of
the ionomer, forming “multiplets”. This, in turn, made the ionomer showed
ionomeric characteristics. This interpretation was also evidenced by the
morphological data. When CE was added to the MAS.9 Na ionomer, the average
size of multiplets decreased, and the average distance between multiplets also
decreased. On the other hand, when CE was added to the SA5.6 Na ionomer, the
average size of the multiplets increased, but the average distance between
multiplets increased. This SAXS data were in accordance with the interpretation
mentioned above. Upon the Soxhlet extraction, the CE-Na complex—extracted
SA6.0Na-CE and MAG6.7Na-CE ionomers showed different dynamic mechanical
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data. This was probably owing to the difference in the strength of interactions
between CE-Na' cations and carboxylate or sulfonate anionic groups of MA6.7Na

and SA6.0Na ionomers, respectively.
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Surlyne] 7lg o3 thaket ofo]Qwnlrt wrEold AgAor A#AE =d o
FHQ 44 olo] 9w E Table 1] vheplu}.?

Table 1. Examples of commercial ionomers

Polymer system Trade name Company Comments
i%rgﬁgiocaboxylate Flemion® Asahi Glass gg&%ﬂﬁlg
tonomer. AV Suriyn® DuPont thermoplastic
il?;rglmug;osulfonate Nafion® DuPont Multiple membrane
E)?gﬁi:rne/ acrylate Hycar® Goodrich giags}t]o rgnreeren strength
gﬁ?ﬁggﬁ ene ionomer Hycar® Goodrich Specialty polymers

919 Table 1& ®¥ Asahi GlassAte] Flemion® B4 4] o] wgtutoz ALg¥
=d 94 7taE Aaksles 394 W (Chloralkali process)oll Al 4
process)ol Y 25 (mercury process)oll HlE] oY A AH9] oF 40 %E
A, F3 EFAE AREEA] gt #H ol Flemiond F-8080°]2k= ©]&
AEa o HGS austs A H o] wIulo w sMste] ALE
Nafion®& 1960t DuPontAtell A 7H2sk A=A Zgvz 44 % o
o] weHro 7 Jdg 2%o|al 9th GoodrichAFe] A%<l Hycar: 72847
CTBN)Y o}l7](Hycar” ATBN)®] 2-§7]o] we} AFde] ch=w, shed 9@ ¢
Aol £& EAor :¥=d ®ol AgEh
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copolymerization
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Scheme 3
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v s PAdda AAeA L, 1hes )
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Figure 1. SAXS profiles of P(S-5.6-SA)Na ionomer and polystyrene.
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Figure 2. Storage modulus values as a function of temperature for (a)
MAS59Na ionomers containing varying amounts of CE, (b)
underneutralized MA59Na ionomers, and (c) the ionomers containing
varying amounts of EG, measured at 1 Hz.
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Figure 3. Ionic moduli of the underneutralized MA59Na ionomers as a
function of degree of neutralization and those of the ionomers containing
varying amounts of CE as a function of mole percentage of CE against
Na’, measured at 1 Hz.
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Figure 4. Storage modulus as a function of temperature of the
underneutralized MAb59Na ionomers and i1onomers containing varying
amounts of CE or EG in the rubbery state, measured at 1 Hz.
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Figure 5. Loss tangent values as a function of temperature of (a)
MAS59Na ionomers containing varying amounts of CE, (b)
underneutralized MA59Na ionomers, and (c) the ionomers containing
varying amounts of EG, measured at 1 Hz.
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Figure 6. Matrix and cluster glass transition temperatures of the
underneutralized MAb59Na ionomers and i1onomers containing varying
amounts of CE or EG as functions of degree of neutralization or mole
percentage of CE or EG against Na', measured at 1 Hz.
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Figure 7. Arrhenius plots for the glass transitions of the matrix and
cluster phases of MA59NalO0 ionomer.
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Table 2. Activation energies (EFa) for the glass transitions of the matrix
and cluster phase of the underneutralized MAS9Na ionomers and
1onomers containing varying amounts of CE or EG

Ea(k]/mol)
Ionomer
Matrix phase Cluster phase

MA5.9Nal00 942 218
MAS5.9Na70 942 221
MAS5.9Nas0 539 242
MAS5.9Na30 534 311
MAb5.9Na0 468 =
MA5.9Nal00 o942 218
MA5.9Na-CE-30 433 244
MA5.9Na-CE-50 422 236
MA5.9Na-CE-70 456 —=
MAb5.9Na-CE-100 393 —=
MA5.9Na-CE-130 385 —=
MA5.9Nal00 o942 218
MAS5.9Na-EG-30 521 —=
MAS5.9Na-EG-50 505 —=
MAS5.9Na-EG-70 488 —=
MAS5.9Na-EG-100 462 —=
MA5.9Na-EG-130 360 —=
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Figure 8. Areas under the matrix and cluster loss tangent peaks of the
underneutralized MAb59Na ionomers and i1onomers containing varying
amounts of CE or EG as functions of the degree of neutralization or
mole percentage of CE or EG against Na'.
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Figure 9. Storage modulus and loss tangents values as a function of
temperature for the (a) and (c) underneutralized SA5.6Na ionomers, and
(b) and (d) ionomers containing varying amounts of CE, measured at 1
Hz.
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Figure 10. Storage modulus as a function of temperature of the
SAH.6Na 1onomers containing varying amounts of CE in the rubbery
state, measured at 1 Hz.
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Figure 11. Curve deconvolution results of SA5.6Nal00 and ionomers
containing 30 or 100% CE.
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Figure 12. Glass transition temperatures of the underneutralized
SAH.6Na 1onomers and 1onomers containing varying amounts of CE as
functions of degree of neutralization or mole percentage of CE against
Na’, measured at 1 Hz.
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Figure 13. Areas under the matrix and cluster loss tangent peaks of
SAbH.6Na 1onomers as functions of the degree of neutralization and mole
percentage of CE against Na'.
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Figure 14. SAXS profiles of (a) the underneutralized MA5.6Na ionomers
and (b) ionomers containing varying amounts of CE.
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Figure 15. SAXS profiles of (a) the underneutralized SA5.6Na ionomers
and (b) ionomers containing varying amounts of CE.
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Table 3. SAXS peak position in g value, Bragg spacing, densities, the
number of 1onic groups attached to the 1onomer chain per multiplet
(Nionic), and radius of multiplet (rmu) and electron density (ed) for the
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Figure 16. Storage modulus and loss tangent values as a function of
temperature for SAb.6Na 1onomer, MAG6.7Na ionomer, ionomers

containing 100% CE, ionomers extracted with methanol, measured at 1
Hz.
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