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ABSTRACT

Effects of plasticizer on the mechanical properties of

PSMANa ionomers with different ion concentrations

Choi, In-Hwa
Advisor: Prof. Kim, Joon-Seop
Department of Energy Convergence,

Graduate School of Chosun University

In this study, we investigated the effect of plasticizers on the mechanical
properties of poly(styrene-co—methacrylate) (PSMANa) ionomers with different
ion concentrations. The first study was conducted to investigate how the
addition of the polar plasticizer glycerol to PSMANa ionomers with different ion
concentrations affects the mechanical properties of the ionomers. Glycerol was
added to PSMANa ionomers having ion concentrations of 3.1, 6.4, 8.0, 11.9, 15.7
and 22.4 mol% to make a weight % of plasticizer 5, 10, 20 and 30 wt%. The
mechanical properties of the plasticized ionomers were measured by DMA. In
the experimental results, when looking at the change in 7; depending on the
plasticizer content, matrix 7; decreased slightly in the case of ionomers with
low ion contents, and cluster 7; decreased sharply with a small amount of
plasticizer. On the other hand, in the case of ionomers with high ion contents,
matrix 7; was hardly observed, and cluster 7; decreased strongly. Looking at
the correlation between the ion content and the plasticizer content, it was seen
that the higher the ion content, the more the plasticizing effect is caused by the

addition of glycerol. The second study was conducted to investigate how the

- vii -
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non-polar plasticizer dioctyl phthalate (DOP) affected the mechanical properties
of the PSMANa ionomers with different ion concentrations. The experimental
method was the same as the previous method. It was found that both matrix
1y and cluster 7; were decreased as the DOP content increased. Matrix 7,
decreased linearly regardless of ion content, cluster 7, decreased linearly with
respect to low ion content (matrix-dominant) ionomers, Matrix 73's decreased
linearly regardless of ion content, cluster 7;s decreased linearly for low ion
content (matrix—dominant) ionomers, and decreased curvilinearly for high ion
content (cluster-dominant) ionomers. SAXS experiments were performed for
morphological analysis, and as a result, there was almost no change in the
Dprge value. It was found that DOP did not significantly affect morphological

changes because it caused plasticization in hydrocarbon-rich regions.
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Weiss 782 Na' 2538 SPS(NaSPS) A 2~8S 7143k A 7] & o=
Aol dal o #HA3 dATedetl, 152 54 7aA)] SYAEL v
AEA F AL AEALS WHSA7]A] oA NaSPS ofo] @ ke

Aol EAsHE LA AbE] o)k AT AA TS W= AL THEEA

T;]- 12-14

&9, Navratil?} Eisenberg= & (2Efoldl-co-4F HIEIAEHOIE) ofo]
24 7}AAE dimethyl sulfoxide(DMSO)E AF83H, multiplet ¢Fe] o] &
o] Z5A8S FA43] FstAlA ool wmmrt wpA] Hlo] A IEAFL
AFSE EAS YJEidittE AL 2 et 1% Bazuing} Eisenberg® Naz #3} 4
cEfol al/AEF 22 ol o] E(PSMANa) obo] xevle]l 52 71AH Exqo] olg F4
2 vl 54 7tAaAe] el uElA Attt PSMANa ofo] o] A g-of =
A7bs1H olo] 9w o] matrix Ty oFgl 74}, ofo] 9 w-m s} W ol

Mol 2% Aol A% & E< “ionic plateau”= ¢hd 8] AbekA= A

L

.

Kim %-& NaSPS o}o] 2 =19 sodium dodecylbenzenesulfonate(SDBS)E % 7}
3 matrix 73 oFzhe] W3lwk Holil cluster T, AA AT Bl
o w25 SDBS7E FE FelzE 9o we A9 taAm 48
o AkEdk. ©o]%F  Older¥t Moorex= NaSPS o¢}o] ¢ x-m¢]  sodium
benzenesulfonate(SBS)E H7}&te] 52 71A%4 EAS A3 23, matrix 7,9

oLl

el
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WalE 1o cluster 7pwb 97 A aAtE AL HAESH.

Kim#} Nah+¥ o] & 719 A7]7F A& t}& PSMANa o}o] & -1 ¢} PSSNa ©}9]
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fnt Ak cluster T, 2 Fom Fadte AL AU F AW T4,
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2.2. 4%
22.1. ¥ FA

Poly(styrene-co-methacrylic acid)(PSMAA) ZZ3FA &Aoo Qs gkl

styrene(S)¥} methacrylic acid(MAA)E ztzb 7heF =

E
=
Z =4S 5‘}91‘1}.15’26729 T oaEEAle] wkEA Hl= styrene () = 022 T1E]a
methacrylic acid (rz) = 0.64°] 2™, wb
th o] ARG wEA A BT LA

gujol methanole] ®ojrs] HAAES AL T Aex] 1x A TE
Atk ol#A A PSMAA FE53AE 9 %
Atk MAA o] th2 PSMAAY FEFAS 3
7} methacrylic acide] & H| S-S Dalste] TEFAA=Y A8 WHE 9 o)A

A5 ups} 2k,

Polystyrene(PS)& 7+¢t =5F3to] A A ¥ styrene T#Ea|o] benzoyl peroxideZE
MAAZ ARE3Ee] 60 °ColA] W= 2f gtolZ F3he oto] A A&
%8 SRR AT o] Bk FHAE THFR 43l 1 34 &g v
€ 1Ql methanole] "ol IAES A F 11 IAES HAoA A4 ZH 9
THAE AATE olFA F& PS FTFAE oF 60 °ColA 24 A7t FoF IF-Ax

st

22.2. A4, ¥3 2 71423

Yo M= el PSMAA #2389 AFES olF 1 = MAAQ 3F&EH(mol%)
S Folsty] 9 €A Fo] FFAZ benzene/methanol (9/1, v/v) &3+ &1

=9¢] % phenolphthalein %] 4] ¢k& A}8-3to] 0.050 N NaOH/methanol 8o &
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A8t FFEFA AbEl MAA e 31, 64, 80, 119, 157 mol% 3t
PSMAA E5gA 9 2t 28715 FAA ofoleier JEHRE wE7] 9 s F
A& benzene/methanol (9/1, v/v) &3 &vjo] =<9 % 020 N NaOH/methanol &
Hoz A 2875 100 % FTIAAY. F3tE oto] L =M (PSMANa)&= W& 1%

AA B2 e ARE dden of 100 °CollA 24 A7 ¢ e Az

7t 238tE ololonmE Ay 93] PSMANa o}o] 2w E benzene/methanol
/1, v/v) &3 &ujo] ¥l T FA 74aAQ FHUMAES AA nEA FAHZ
Z}z} 5, 10, 20, 30, 40 wt%7} H =& H7Fetqdth o] &3 &S of
[e)

2
WHEA 7l & WS- AzE T ok 60 °CollA] 24 A7 BoF IE-AxsAr
2.2.3. A1 A=

=2 71742 2 (dynamic mechanical analysis, DMA) &0l A3 AlH A
2o fate] Bk AEjo] AEE oF 10 B7F 25 MPa g3 ¢4xAdFsa A
3 2w ofo] o wro] o] & o] wel o 130—200 °CHTH WEolH KA
el AAe Z7E ok 30 x 7.0 x 1.8 mm o]z A A, ok 60 °Coll A 24 A7}
A gtk £33 A&7 X-4 AFgH(small angle X-ray scattering, SAXS) 21 & 9
AHE-E AlAE AZEH7] 918kl B dEHe] AlEE 9 2e e 4F A
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00
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e %x
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v)_\—
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rr

#He Lxo FeE AATEH 1 HzolA 9 tan 6 I AE AHFow EAs7] 9
Peakfit®(SPSS) AHE] AT Eg ]S ALE3t91=1 tan 62 fitting 317] $15te] 7]
FM o7 cubic §E, T tan ¢ ¥ A Gaussian—area S-S ARE-ELo] fitting

S
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2.25. ustd px A4

o] AluES] FHE EAS flste] TIVFETIATAY] Wkl 4Co A A7 X-
A Abe(small angle X-ray scattering, SAXS) 23S a3ttt o] Ag o] AL

i= []

d Qo] -GN 1.24 A, 1e oA 10.00 keV o, AHo] =gy =

JI‘

ul
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9} PE7] Abel9] A(SDD)E 1 mAth @S ti7] stolA AAlsd o,

>,

A% F Tl Aol o8 AvlE A wAste] SAXS FAe] AiH B
2 akg g q( 4rsing/2, 91714 0% (Are&kage] Z%/2) o]i, ie IA)sb oF
02614 42 nm™* HE Jdo A AL}
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Figure 1. Storage moduli
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amounts of glycerol. All data were measured at 1 Hz.
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Figure 2. Tonic moduli of the P(S-co-MANa) ionomers and glassy moduli of
PS containing varying amounts of glycerol as a function of the wt% of glycerol
in the polymer.
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Figure 3. Loss tangents as a function of temperature for (a) PS, (b)
P(S-6.4-MANa) ionomers, and (c¢) P(S-157-MANa) ionomers containing
varying amounts of glycerol. All data were measured at 1 Hz.
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Figure 4. Curve deconvolution results of P(S-6.4-MANa) ionomer and ionomers
containing 5 weight% or 10 wt% glycerol.
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Figure 5. Glass transition temperatures of the PS and ionomers as function of
the weight percentage of glycerol in the polymer, measured at 1 Hz.
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Figure 6. Cluster 7; of PSMANa ionomers vs. weight % of glycerol in the
ionomers. the cluster 7;s of pure ionomers were vertically shifted to match the
cluster 7, of pure 15.7 mol% ionomer.

Collection @ chosun



F2AE 10 wto% o] W7}

ool im o] AJHE BEHI FEHE BHIAY o= 7
doe W FYUAEE 4 REE dovE AL Yshie Aoz FYAES o
A7 sle et % cluster 7,9 WE7 Qe o] f-8 S
5 wt%
3.1 mol% 6.4 mol% 11.9 mol% 15.7 mol%
10 wt%
34 mol% 6.4 mol% 11.8 mol% 15.7 mol%

Figure 7. Clarity of PSMANa ionomer samples containing 5 wt% (upper
. The ion contents of the

images) and 10 wt% (lower images) of glycerol
ionomers at indicated of the right bottom corner of each image

2 fittingo] 7} 3k

B, 5 ololowme o F WE L= A% I
4o thest 2,
cluster 73(°C) = 166 + 7.1 x ion content (mMOI2g) «w«reeemrrereemmmmmeenennnn (2)
(r* = 0.9879), r* = linear least-squares correlation coefficient
(2) WA S ol g3t YdtE ol T ololenre] FH3 T .E dS F U
Yo, o] Figol uwhel shaA kol mE 7hAstE

a1, 0] Tpe2 (1) WA o

15 &3 + vk

_32_

Collection @ chosun



PS¢} PSMANa ofel@w 5o 7o digh A4S\ A(E)E dolrr] 93]
DMA 5 7} &1, 3, 5, 10, 30 Hz)ol| 4 A& 7, 3 W52 HE Arrhenius
(k= Axc B/ R o ol gate] E2 Fotdrh Z7e] MEFo] wet 93 Hu
7‘4-4 L2 o= oAHYE + 05 °CHT. AAlE olo]l 2 :xmE9 matrix

E.m)¢b cluster E.(FE,.)E Figure 8o YEMATE =53 PS9 E,ne 450
k]/molO]IL PSe H7)sk Sl 29 o] Z7)sto] % 441 kJ/molZ = A W3}
7 81t 31 mol% olole v E HW E,2 SYAMES] FFo] T/ et
475 kJ/mol& =LA W37t $llal, .= 145 o)A 280 k]J/molg HF 2438 Z713F &
1 o)Be= ZE|gEe] f HHE Fto] A WA 29tk 64 mol% o}o

== 3.1 mol% ofo]l & wmm el FARSHAl Eun®l #hS W7t glal, B = =4
S &% FHUF Al F48HA e Rvv ool gkl WEyh =2 S
8.0 mol% o}o] Q= ol AL E,ne 590 kJ/molol| A S A E¢] Fako] F713H
web 465 kJ/mol 7bA] FAastal, E,.= 245 o4 275 kJ/mol® F743F $ 240
kJ/mol& 7FA3la Zhol A dAsATE 11.9 mol% ofol = E,ne 590
A 450 kJ/mol®Z AstH A, E,.& 400 oA 295 kJ/mol® FAsTh 157
mol% o}l k= Feh ofol ke o] E e TRANE Mg HtE F
o] Eame 7 F AT E.& SEHES d@e] FTUhshel whek 485 kJ/moll
A 230 kJ/mol® ZF2A3F T 3.1 mol%, 6.4 mol% olo]l e == E,9 ko] #Ath
& W37 gledl 2 olfE S AEC 98 matrix Foo] F AFE WA F7]
ol ok, "ol 80, 11.9 mol% ofol - o] £, #Ad=d 1 ol
ofo] w9 Ao o] o] o]L7|7F AL matrix FHH
g Zd o] oA Fdo] SYMESY FFS BWol wA HW 1 JFo] o)A
godol oA Av]e wEt BA & AA ¥ matrix FG7tA] w2 A H

7] WEelth 4, FEAEL 54 7haAlol7] wiEel k13| ion-hopping®]
gl o] Aol sl cluster Zpol 9FS wol wAA Hi FAl E.oN7HA 9
g MY E.o WMste FEAlEC] ool clusteringdl] & dFS <ot
= AL gt

il PO

vl
0%
=
0
o
i

_33_

Collection @ chosun



700
PS 3.1 mol% | 6.4mol% |8.0mol% |11.9mol% | 15.7 mol%

600

g ==
>
L]

500 | t Eng

400 f - - - ox

-]
|
1
300 Lﬁ\ _éoq

Activation Energy (kJ/mol)
°
0
o}
b
-D |
e
m =

T
F— —
2T'I'I
A
] Y
&
Jn
—L{k
m{/
m o

200

at

100 11 L1 11 11 11 L1
0 15300 1530 0 1530 0 1530 0 1530 0 1530 45

Wit% of the glycerol

Figure 8. Activation energies for the matrix and cluster transitions of the PS

and ionomers as a function of the weight percentage of glycerol in polymers.
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Figure 9. Areas under the matrix (@) and cluster (O) loss tangent peaks of
PSMANa ionomers as function of the weight percentage of glycerol.
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Figure 10. SAXS profiles of (a) 6.4 mol% PSMANa ionomers and (b) 224
mol% ionomers containing varying amounts of glycerol.

_37_

Collection @ chosun



80

60 -

6.4 mol%

20 22.4 mol%

0 | |
15 30 45

Wit% of the glycerol

Figure 11. The g values for SAXS peak maximum (gm.x) and Bragg distance
calculated from @gmax as a function of the weight percentage of glycerol in the

ionomer.
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Figure 12. Weight percentages of glycerol in ionomers vs. ion content.
The region under the dashed line indicates a mono-phasic and the region above
of the ionomer (mol%) the dashed line indicates a bi—phasic.
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Figure 13. Storage moduli and loss tangents of PS containing varying amount
of DOP as a function of temperature, measured at 1 Hz.
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Figure 14. Storage moduli and loss tangents of PSMANa(6.4) ionomers
containing varying amount of DOP vs. temperature, measured at 1 Hz.
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Figure 15. Storage moduli and loss tangents of PSMANa(15.7) ionomers
containing varying amount of DOP vs. temperature, measured at 1 Hz.
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Figure 16. Clarity of PSMANa ionomer samples with indicated amounts of
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Figure 17. Ionic moduli of the ionomers as a function of the weight percentage
of DOP in ionomer, measured at 1 Hz.
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Figure 18. Glass transition temperatures of the PS and ionomers as a function
of the weight percentage of DOP in the polymer, measured at 1 Hz.
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Figure 19. 7;, (@) and 7;. (O) of the PSMANa ionomer vs. weight
percentage of DOP in the polymer. The 7gms and 7g.s of the pure ionomer
were shifted vertically to match the 7z, of the pure 15.7 mol% ionomer and
the cluster 7;. of the 6.4 mol%. 22.4 mol% ionomer, respectively.
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Figure 20. Activation energies (£,) for the glass transitions of the matrix and
cluster phase of the PS and ionomers as a function of the weight percentage of
DOP in polymers.
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Figure 21. Areas under the matrix (@) and cluster (O) loss tangent peaks of
PSMANa i1onomers as a function of the weight % of DOP.
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Figure 23. Bragg distance calculated from ¢gmax as a function of the weight

percentage of DOP.
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