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ABSTRACT

Thermally induced healing of PS and PMMA ionomers

Kim, Eun-Hee
Advisor: Prof. Kim, Joon-Seop, Ph.D.
Department of Energy Convergence,

Graduate School of Chosun University

In this study, the thermally induced healing of PS and PMMA ionomers was
investigated. To conduct the experiments, the surface of the ionomers was cut by
using a tool, weighing 1 kg, equipped with a cutter knife and wheels. Then, the
ionomers were placed in vacuum ovens of three different temperatures for varying
periods of time. After that, the scars on the ionomer surfaces were photographed
by using an optical microscope with magnification of x150. As the first part of the
study, the effects of the degrees of neutralization (0, 30, 50, 70 and 100 %)and the
ion contents (3.9, 65 and 100 mol%) of the PS ionomers on the ionomer’s
thermal-induced healing were investigated. In addition, the effect of temperatures
(120, 130, 140 °C) for thermal treatments on the ionomer’s healing was also
studied. It was found that with increasing ion content and neutralization degree the
thermal-induced healing of the ionomers decreased. Furthermore, only the ionomer
samples thermally treated at 120 °C showed strong neutralization degree effects. On
the other hand, the ionomer samples treated at 130 and 140 °C exhibited only
minor effects. In addition, it was also observed that the storage modulus of the
ionomers at the temperature of interest significantly affected the healing behavior
of the ionomers. As the second part of the study, the effects of polarity of polymer

backbones and types of cation of the ionomer healing behavior were investigated.
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To do the work, the PS (SMA) and PMMA (MMA) ionomers were prepared and
the acid groups of the ionomers were neutralized with various cations; the cations
of different radii (Na' vs. Cs"), different charges (Na' vs. Ba™), and from alkali
metal and transition metals (Ba® vs. Zn®). It was observed that SMA and MMA
ionomers showed different matrix 7T,s and cluster 7T,s and storage moduli because
of their polarity difference. Thus, when the SMA and MMA ionomers thermally
treated at the same temperature, the SMA ionomers, having relatively lower matrix
Tes and storage moduli in comparison with those of the comparable MMA
ionomers, exhibited better healing behavior that the MMA ionomers. Finally, it
was found that the healing of Zn-neutralized ionomers was more profound than
those of the ionomers neutralized with the rest of the cations. Thus, it was
proposed that the Dbetter healing of the Zn-ionomers was due to both

under—neutralization and internal plasticization effects.
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Figure 1. Nao® Hi F3}st SMA olo]x=mo] %o uZ A
loss tangent (1 Hz).
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Table 1. Naz ¥ F33 SMA39 ololexmel 100 % 53 SMA6S5 mol%

22]al SMAL0.0 mol% ofeleem o] A ¥ &R} fFeldolh (Tt

Tec)
Log E' (Pa)
Ionomer Tem (C) Tem (T)
120 T 130 T 140 T

SMA3.9-0 7.2 6.5 6.3 120 -
SMA3.9-30 8.1 6.8 6.4 126 150
SMA3.9-50 8.3 7.0 6.7 127 158
SMA3.9-70 8.4 7.2 6.8 127 170
SMA3.9-100 8.7 75 6.8 130 185
SMA6.5-100 85 136 200
SMA10.0-100 89 150 230

==

Figure 2 43 Y 39 mol% SMA s gAel dxz A A9t 140 CoA 1

A ZE &<t %‘-‘_ﬂwﬂ 3 F-o] AlmT7F HejFe A "uld olv| X ot} Figure 22 (a)
b (b= A= AAE oM HL ou|xo]il, (a)'2t (b)'e= Alxm Ao ddE =
el M # L olu X] ojth. EAlg A, Fo] AAe Fy H A wol] h AAT
AHe ted 2o WA dAfE A Alse] A3 FEe (a9 o] gy Kol
H, A A AEA ZFo] olelemme] ] & ®Wle] A EGAY Fo 2t
FHE HoAFA drh (@ ('S HladRyE (@)l ] F9 A FEL2 (a)olAM L
A =mdo] ol &Pt Fatolal, oF £ off FEE giad Ko o] #<l
AR Ze & g ok olul A Be-Eek B9 Atole] AE SAE Bl of
55 ymelth. AAZF B AlmE 140 TolA 1 AR st A& st {4 b)ek (b
L B5E BoFad, fof %9 B2 heetA Hol (afEe 4 59
Fie @3] AbbA AL gAlel 2k Fo] ofF ofFf Ftn Ao A Hof
ofzte] FARE WA ", o] EMY A2 oF 3 molth o]H T ARl AL

=9 dAY A, Foll €4 F= A+ A
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Atk olefdt A tAE AFHer 545kl Table 29 AUt
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& ¥R 1Y o

A7 7F ok 78 mmel A 10 im=E
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38
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=
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=
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lo,
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=
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70 mAE Fo]EUNL SMAGS olol o] A& oF 72 moA 15 mZ 57 m7H
T Zoleon 7 oL FErl H& SMAIOO olol&x=me] %ol oF 65 mol
A 38 mE 27 ym AE FolEw RS F F U o]FEE AAE Alzte] FUhst
il AA DFHL SAEXR O FolEE AT Al 7HA ololkem HLFoA E7

Sl Hlel #2 s & 5 Utk

Table 2. Na® 100 % F3td SMA ofol=wo] A Alzte] W& A 14 (4
gl &% 130 C).

) A
oéi‘]ﬂ /\]Zl- /\ox‘] Z_]_——‘l 37] (ﬂm)

SMA3.9-100 SMAG.5-100 SMA10.0-100
0 # 779 + 0.8 716 + 1.1 64.8 + 0.8
5 96 + 0.8 14.8 1.5 376 £ 11
10 & 76 + 1.3 144 + 0.9 364 + 05
15 & 6.2 + 09 124 + 16 350 + 1.2
30 # 40 £ 1 114 + 05 328 £ 11
60 28 + 0.8 102 + 1.2 324 + 17
120 & 16 £ 0.7 102 + 1.3 322 + 1.3
240 # 16 £ 0.7 10.0 + 0.7 320 + 17
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Figure 3. Na®Z 100 % T3}t SMA ofo]Q=me] 130 Colx dAe] Azte] whg

A2 2v A (scale bar @ 50 pm).
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Figure 12. t}oksh ol o8 =313 SMA olole e 120 TolAl A2 A7kl
W AbA] 74 (scale bar: 50 ).
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Figure 13. t}Fgk oFol 20 2 F3lstk MMA ool 2= 140 T4 EA 2 A7t
W AbA] 74 (scale bar: 50 ).
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