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ABSTRACT

Mechanical properties and morphology

of PLA and ionomer blends

Park Sang-Hui
Advisor : Prof. Kim Joon-Seop
Department of Advanced Materials Engineering

Graduate School of Chosun University

In this study, a poly(actic acid)(PLA) and ionomer blend system was
investigated to extend the service temperature of PLA to higher temperatures.
In the first study, a PLA/sulfonated polystyrene(SPS) ionomer blend was
fabricated using a SPS ionomer having a relatively higher 7; than other
PS-based ionomers. In addition, the effect of SPS ionomer on the mechanical
properties of the PLA blend was investigated. In was found that the PLA/SPS
ionomer blend was a phase separated blend. It was seen that PLA acted as a
multiplet-plasticizer for the SPS ionomer and the SPS ionomer acted as a filler
for PLA, depending on the relative amount of the two materials in the blends.
On the other hand, to further secure the shape stability of PLA at high
temperature, SPPhO ionomer prepared by sulfonating PPhO, a heat-resistant
polymer, was used to make PLA/SPPhO blend. It was found that the SPPhO
ionomer acted as a filler for PLA and could be much more helpful in increasing
the service temperature range of PLA than the SPS ionomer. Meanwhile,
several models related to the blend system were applied to the data to interpret
the mechanical properties of PLA/sulfonate ionomer blends; Guth equation,

parallel model, series model, logarithmic, Nielsen equation for the regular system

- vii -
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and inverted system. In the second study, to improve the miscibility between
PLA and ionomer, PSMA ionomer, having relatively weaker electrostatic
attraction between ion pairs than SPS ionomer, was used to prepare a blend
with PLA. It was observed that the 7; of the PLA/PSMA ionomer blend was
about 70 °C higher than that of pure PLA. This suggested that the thermal
properties of pure PLA were improved due to the interaction occurring between
the two materials. However, with the addition of the PSMA ionomer, the
crystallinity of PLA rapidly decreased, and accordingly, the storage modulus of
the blend rapidly decreased at about 90 °C. Therefore, it could be propered that
PSMA ionomer might help to improve the thermal properties of PLA, but it

was not very helpful in improving the mechanical properties of the PLA.

- viii -

Collection @ chosun



A1 PLAS ool

Hio

TKH

ol
—

2]

830] £
A3y

o

=

228 A E LnlEo] 156

3T

=

A ol dmrt

3z

-
st

A &&= ok 1950 d5-H 2015 |74

ghaglo] AR g 2020 @ =199 Flom waIe] ARgs)

s gle}, ;zu-199)

o] &dstEA HdEA, 4
[}

7}

=

o

4

7735

3T
=

i

al 7

Nl
B!

o

al?

ot ol

af oF

5

=

s I R B =

A

=

27 7 A

DR

o

sy
z;
Hol A evka

=
=

“

Ao maka @A A AA A s Mg vt nEAR

4 A0 e F 2D
A gzt )

7]

2A)9] wlo] & 31 ZH(bio—polymers)

%

B

A7) Eell A Ak E mEAo g8l Hlo]

)
—_

AR

[©)
-

s

=
o

7}

£l

T2 of 2~¥ (ester),
A= vpo] 9w~

1
o

2

ALEARol A A o
314

=]
AL

3

|

A
vl

7t
o] uj o] H]go uwel AWEs|A - AH(biodegradable polymers)e} ®ho] @ 7]Hk

152} (bio-based polymers)® Ui AT m ) AR

=

o € (ether) T+Z%

(amide) =

=

o}u} o]

ﬁo
B

o

27H 4

=g

v

o o] E(PHA), @7FAaA HE(TPS), &2 (7t

A7

bol =%

°©

2H)(PLA), Z7
Collection @ chosun



E)(PCL), E2(Fa obr]so] E-co- vl ¢l P # o] 2)(PBAT), Eel(¥8al %4
ol £)(PBS) ol itk FHA wholo. Jluh ;A= wpol e ko] 5-25

AR, BE S AR 5o A4 Hsd Adoy

AR A R ARAHA F nBA otk el eula AUk wPAY FRHE E

A(PE), E¥okrto] S-11(PA-11) 5ol 9tk ARAY 1ash vle 7wk 3

13|
wape] @ste w24 FFE Figure 19 ehygieh

fs =
sh olatsherae) o] i AR AU ATk SHW wlelo mEAE A4
ZINE AR Zhgn]go] Ho &8 Zoke

Mo 1% oo
Jo
N
r

1R84S ds) ASIel @AZE A WA vlole nEAe] wEe umsta
7 g ATk @us AAHD glon], wole mEAe EF F ARAY ¥
Aol et PLAZF A7e] F2 AgH T Qo

1.2. PLA

PLAE a-3tol =24 202 wEolzl A% Eejo2y Ad drta
oM, F 1 8§ ¥F U VT 2 ABavA, A TG Pop Ex o
Al
=

]
7171 AFE A Ze] AL PLAYE dr)o] slo]=2 A7)} 2R

drejglol EE Fa AtEnh s, 244sts 9 A4 S e Ve 5
B2 fdAse 72 B 24 B4 ol o& Z2A =, 538 PLAS 943
8 F2% L-% D-olgAle dFel o8 HA wdd & Jdo 0l gjAset 32
of w& PLA® +%2]% Scheme 1] YebH AT}

Collection @ chosun



Bio-polymer
|
| |

Biodegradable polymer Bio-based polymer
Bio-based Petroleum-based Bio-based Petroleum-based
Poly(lactic acid) Polycaprolactone Polyethylene
(PLA) PCL) PE) Thermoset polymer
Poly(glycolic acid Poly(butyl inat Polyamide-11 Foas i
o y(g{gg}:ﬁl}c acid) oly(bu Yﬁj%es}succma e) o {;ml1 19) Engineering polymer
Polyhydroxyalkanoate Poly(butylene terephthalate)
(PHA) (PET)
Thermoplastic starch Poly(butylene adipate
(TPS) terephthalate) (PBAT)

Figure 1. Biodegradable and bio-based polymers.
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utkowska®} Eisenbergt #%2]-%-d&(PU)¥ PSMLi o}olowxm &
A= 71A12 AAd tha] A=, o5& PUS PSMLI ool & =1 Alo]o

A oEAss o] &= daAtgo] PUS A FEdt ofolfmm] Apolo] &3}

H(FEMPLA) = A Ego2H A d7tad iAoy, &
v By et diE 5o A Thsd Ads &8 AAEt PLAE =&

, et A E a9 FEAdE Ad EdoH, o H(PE), &
2(PP), ZE|(dgd "X o] E)PET), 1831 | 2~Elo]A(PS)T 2
b BEAZS AT TbeAdol dE nEAR e Qo st =
98 ZAA3Z} SE(crystallization rate), W2  dAH A (thermal
stability), Z#]az & AW %(heat deflection temperature, HDT) uj¥ol
A= el AgkA ot webA] PLAS @S Hebstal &8 9

2 oY) Ss dvrh 2ns] Aasm Qo

R
I

f

Nl

[
/A U
ox o mE ox

L FE g2 aizele] Ed JWe B d7EEd,
2] FREZE AR LA 2 AF 7iek 28R
A oltFolE HlH ZE o] E)( PBAT)[8 B ZygzrgE
(PCL)M 101 Z @) slo] = B A U7} o] O]E(PHA)[”’“’], (Fda HAUE)
(PBS)? % a7t ZE]$-dek g4 2(TPU)HP So 1011 Zsht}y, w3 PLA
o] A MAES f& e a/vEeElZEAHEMAA) ofol e E 83k A A7}
olth. Zhang ATE S 7Z2Astd PLA 3 9 Ed=9 PLA/EMAA-Zn/EBA-GMA
& AlZste]l PLAS 1A /IS 98 A& FdstAn. 152 EdE Yo &
As= EBA-GMAR Q8] 7hulzh @Astar ofo] e emo] Zn* Folo 2 <14
7ha7b SX1 = WA PLAS EMAA-Zn ofo] 2 =w Alolo] AW g2 o] Fr}sto
PLAS 914o] AXESE Bashglep
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T3 PLAS W& oS Bestr] 98] ESAHERPoM), 8 ((HE
HElZ g o] E)(PMMA) 59 uEAele] Edl= 7o g PL AA WEAZE =0l
He A7 AgE v Guo & PLAS W
PLAE EBdEste] o] Edro 7|44 AHd& o
POMe] 3staFo] 50 wt% ¢ wf, PLAS] &€ ¥y &
At @# Nehra & PLASH 2Elo]al-of 2|
F4E(SEBS-g-MA) 2384 Ed=E w50 o Edz=o] A% Ao s

p

H
AFHAHT. 15 AT ARE BW =5

S, o5 Za= yol

mﬁ
=
>
el

Garzon < PLAS PMMA Ed=E A zste] &3
ZAE AT o] 5o PLA/PMMA ZAsold ©e T2 SdsuA T 2

o] F&4E doldlal, PMMAY &3S S7HA171H PLAS 2EA43S Y +
= Wt PLAS db84d /MAdE 918 PS AlD 9] ofo] o

o] Atdli= oA 7HA] BA] FEeit)h unh PLASE PBS ofo] 2w o] ElEo
H AT AtElE F8 otolewmm7E 7FA AL 9l o] =7]17F PLA®F PBS ofo] @

Apole] EBEAS Z AT AL grr

Mot ¥% O
[N ee)
[

b
=

B AT A= PLASH ¥ o]E Zg|AEo]d(SPS) olo]Q = o BEA=E A
25kl SPS ofolexm = thE PS Ald ofolewutt AUjHos =& 7,5
7HA = ALt Afelw | ool @ = o] matrix  Ty(7pm) @t cluster 7y(7;0)7F 140—300
°C W¢lo] &3ttt o]E SPS olo] @ w7} oA A AN S B 5

A+
S 9mEly, o] ofo]o w7} FHfE PLA BAt: m2oA e dAAS A
d 5 ASE A & 5 dvk webA 2 Aol A= PLA/SPS ofelexr &
Ao 7AA 4He B3 PLAS SPS ofo] @ ww Alolo] E3hgdat SPS ofo] 2

=7k PLAY vA &= J&FS ARSI 9 FAREd WA s dfska 9l

e Ty ARG Z(2,6-thol W E-14-5
Jal SAFe]=)(PPhO)7F 9lth webd PLACl oo e AdE o Fn
staial o] nEAE EESIAA AL EXUlo]E PPhO(SPPhO) o} o]
PLA Edl=o] 8319, o] Edx=9] 7[A4 JdS& &3] SPPhO ©}o]
PLAC] ojul gt da& w A=A AT
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22. 4%

% E3ly Zg ~Elo]d(sulfonated polystyrene, SPS)& = zf-gfv)d Z3ts)

of & EF2Eo]d(PS)S Makowski 0—4 WS Faste] #E3F S AA
=

o F7] &uel 12-trol| F 2 2o e-S Al A3Fal(steam-stripping) % &2 SPS
s 42 5 THTE AHAEES 34 3 ol FAT SPSE AE F 100 °CollA
24 A1 FoF JE-Adx AFT. #EstE EYQ6-velvE-14-dda SAlo]

= )(sulfonated poly(2,6-dimethyl-1,4-phenylene oxide, SPPhO)&= ¢ #®Hs-x#

Makowski 5¢ WHE WHEES &3} WheS F3] "FEAT

222 AA 9 F3}
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223. 4=

PLASH ¥ F7< dol2(Na', Li)ez T35 ofo]okm S WA/ Me2(8/2
|

vA) B &el 2ol Wa w9t ofu BA= o] oko] Qo] e
&R 10, 30, 50, 70 wi%el®, AA Amel Tk EF vl w]&e 005
‘ el AR

w/v%elth o] &4 4 ARt 5 J WHHAIZ § sA-Ax AA B 9
S

E AT A7 @& A A 8= 60 °CellA 24 ARF FoF Az Al

2.2.4. A4 A=

52-7]1 A4 #24(dynamic mechanical thermal analysis, DMA) 23< & <
=A4d HE T AES Agsdn A¥erss Sd9= Al Ul SPS(SPPhO)
ofo] =t FAM]o] wpE} 95—-115(130—140) °Celtt. 25 MPad] 452 10 & &
F &l 7hstol 1Al ' AHO AMNEES U5 AP, ASHA g A
He] A7]+= 2.0(T) x 7.0(W) x 30(L) mme]Att. DMA A3 d &3 ofo
H AlE2 100 °C, =% PLASH PLA/ofolomm] Sall= A2 80 °ColA 24
AIZE <t dAE SF3ATh

—

[©)
-

225 548 71AHF 54 4
7t U= AlgEe 744 545 B8] 98 TAAN] DMA(Q-800)E A&
1 4(1, 3, 5, 10, 30 Hz2)E 93}

2] =
£% 1 °C/mne® st B4 Ads A% S E(E)F loss
5

) #e 2= dE At
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st ] ‘E}E‘r vﬂ”(glassy), e Aol(Ty), ¥ A(rubbery) 18]x 3 E(flow)S ¢
nsls BAES HoFEh oju oF 65-85 °C Rt A Hol= A @A ES] 7
2% PLAS fedolo o Aot ggm 85-140 °C Fitell M= A% &
dEo| AMA3 Haste=d ol PLAY FAE 999 154 A4S HEY
ok g 150 °C ol el A Hole BAES w48 A= PLAS 2484 949
= @Al o Folth | 4% Li-SPS ofolwm ] AfddE 257
Z7kstel gk fel k(< 140 °C), Feldel(matrix T, Tpm)(140—155 °C) o] &
plateau(ionic plateau)(160—230 °C), 2l o](cluster 7;, 75.)(230—300 °C), L%
2> 300 °C)& 9vletes BAES HoFoad A BgdEo] Feldors
B ufgom wWatgs o 4 gtk PLA/LI-SPS Bal=9 A %o 70 °C A
ANA A e Eo] fHast=d o3 PLAS freldole] og Aojtt. 18] il 65
=135 °C 2% WHlolA &= Ed= U Li-SPS ofo]x=m o] g&Fo] 10, 30, 50, 70
wt% = F7Hgel wel A% g Eo] A Srhgkn) skA|wE 135—-155 °C 2%
ol = 273k Li-SPS olo] @ =1 ¢} PLA/Li-SPS Z#d=29] A% 84 ES F7
Al #radtth o= PLAS 353 Li-SPS ofoli=me] feldolo g Ao
th 2213 160—300 °C =% FIFo A= ofol e gafo] Frhgte] wel A%
B Eo] TUHH = As = el Foldl= ofol e mm 9
A A Ee 7ot} dH Li-SPS olo] 2™ 9] ionic plateaur= PLAS] 3ot
Foll wel 2 X7 Ee 2 WMSR olwsty FAld d A dAE FE
ZF%th PLA o] 90 wit% ¥+ EdE=o| A= ofo] 219 ionic plateau”}

H o] HolA| @Al Hut

e
S

-

-

Figure 29 &4 ©AE 245 B 3 PLAE 65 °C FolA Ja& 1B
ol:=tl, °]A2 PLAS Feldofel] og Aoty g 150 °ColA &4 dAdE =

Mol FlahdsAow Frhah ol PLAZ iLeolq s27] wiolt, w5
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T
o
W 7 PLA/LI-SPS
2 "
- o 0100
6 ——- 30/70
— — - 50/50
————— 70/30 X
5 90/10
. 100/0

1.0

loss tangent

0.0
50 100 150 200 250 300

Temperature (C)

Figure 2. Storage moduli(Z) and loss tangents of PLA/Li-SPS blends as a
function of temperature, measured at 1 Hz. The weight ratio of the
PLA and ionomer are indicated.
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Li-SPS ool @ wm = 1459 290 °ColA I aE Hole ol 747} ofo] @ 1w 9]
TimSt T2 Yerith 22l PLA/LI-SPS Edl=¢] A $ol= & 3 719 9as
dEE F vk WA 70 °C F-2elA dEhde das 2 IR 2 Kol 65 °ColA
Ho] FW &5 PLAS 79 #dd Zog, s U ofo]ewn o] ko
wal YA A wp A A Eol: A At 3 145 °C FEel A
Bl 913 Li-SPS o}o] ]
o] Fhefel wet A= A dA )
10 wt%®°] SPS o}o]

A
B, 2 olfrE olutE EAE ko] ool wm Fhgfo

UE A7) kol whx
gro 2 250—300 °C 2% T3t YERE 33 Li-SPS ofo 1°bﬂ194 Tyc¥ 3
A gle #agld BAE ) ofolewer] Fgo] we fAE o Be 2w PO
2 ol F3tal Eolk ZFAgtt A 10 wt%e] S =oA = %’49} Ll A4 P =
= o] ofo] @ =w] Feko] U 7] wjio] 3=t ERbA] ekgkt)

oz 3% 712 SPS F5dAE NaOHZ 5312171 Na-SPS ofo] Q=
o} PLA E¥E9 2%d mE EAS dol B Agelt PLA/Na-SPS =3l
°of A% ©AHET &4 BHHE S 2R 52 AdEd agzZel =Y
Figure 23 fAFSioH (2l = AJ=Fg). A PLA/LI-SPS¢F PLA/Na-SPS £-#
o] Ang vusty] fa 7 2= F ololekw shEFo]l 50 wi%l Ed =9
A A EY £4 BHAE FS Figure 30 %9 542 delfddo. WA A
F B E A4S BY 150 °C olstelA e 7 EdE B E FHe BYgo]
Abste}, ARk 150 °C o] del A= PLA/LI-SPS E#x=9] A% e Eo°] PLA/
Na-SPS Ed=e gdEHYd ¥ & W9 & BoFEr 183 PLA/LI-SPS
Ed=e] A5oli= ionic plateau’t # @ wHo] Q= Fo] FRIEY, PLA/

Na-SPS Edl=2] 7 9o+ ionic plateau”’} A 3HA Tz x| ekgko)

O

ok o
T

T EAEY AR BAEE oA ol AolE Holi= olfri= PLA A&
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o  Li-SPS

A Na-SPS
—— PLAI/LI-SPS
— — PLA/Na-SPS

Log E' (Pa)
~
T

loss tangent

0.0
50 100 150 200 250 300

Temperature (C)

Figure 3. Storage moduli(Z£) and loss tangents of PLA/SPS ionomer(50/50
w/w) blends as a function of temperature, measured at 1 Hz.
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go] Zste] o] 22 Atele] s Ag Al7|7F S multiplete] FA o] 7hs st
JbH o] Na-SPS ofo] 2.1 o] A -g-oli= Na' ¥ol&o] Li' ¢ol&rtt A7)
7] wjiEo] multiplet QFe] o] &4 Alo]e] AT AFgo] Li-SPS olo] o x-w o] #
S-HTh oFshAl Hth uwhelx PLAS A4 ;M’Wl-‘:— o] 224 Alole] 45 ZHgo] A
A o2 °Fgh Na-SPS ofoliew o] o253 Wt t @o] AgsiA o] 4
WA o2 Na-SPS olo] Q=] s ¢ gur 22l multiplet 7}l 24 9] e
a7 ¥ Aolth o] PLA Al&9 7hAaAl &3¢ HLE7} olo]Quw o] oFo] L9
A7) wel deA ™ multiplet @40l 3k 2ol 7} WA= AL eI

ojojA £4 BAE FAHS B F Ed=E o 65 °C oA PLAY f#2A

o]& uehliE F]ast o 145 °C Lol A SPS olo] o wmle] 7, ¥AZ wWelth

4 oF 240 °C HoA T, WA, PLA/

Na-SPS Bal=9] ZA9oE o 190 °C BZolA 7. I3 welt} o€y F

PLA/SPS ofolewm Edl=9] 7, 7F th& o|fr& oAl Argh 33 o] SPS of

o] & = o] multiplet Jd-2> Fol&9 A7) FFE& Wreth Wb, PLA A&
7t 9% G| ofo] Qo ol Av|of wel gebx]7] ufFolt,

W%
i&‘

ofolome] ol weh A% WAEo] wol Wet: kel s F w9l
o} 70—1509F 150—250 °C. whebA F 2% F+7ke] F3F 2521 1007 200 °Cofl A
o A% HHE WHE ofolown] Fapol weh Tolri o] §T A ol
Figure 4°] 1007 200 °ColA ¢l A ©AE ks YEW AT 100 °Coll Ao A%
HAES Bul BAs ) SPS ofolovle] Fhate] Hrbghel weh 4% By RS
N o Zrhs=u, o= 1 exedut o =& 4% @

ofol 2ol ghapo]l F7bel7] wlFolth @, 100 °ColA Li-SPS ofo] 2o}

o] A =

2 W= U SPS ofo]lww o] FEFo] Frgtel| wet BN A €A Eol

Z7kete}. A9 PLA/LIi-SPS &3l=9] A4 &4 & zto] PLA/Na-SPS 3=

473 BAERY d Eed, 2 olfi thesl gol AEE & Atk YolA AY
A

& A Y multiplet 9H9] o] &4 Abo]o] B AEE Li-SPS ofo] 2w o] 7ol
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9 . 100 C

PLA/LI-SPS
[
Q
Q £
o 8 \PLAINa-SPS
©
o
o
-— 7 -
® PLA/LI-SPS
o)
a
= 6}
Ly
o
S PLA/Na-SPS

5 =

| | | 1
0 20 40 60 80 100

wt% of the ionomer in blends

Figure 4. Storage moduli(£) at 100 and 200 °C of PLA blends with Li-SPS
and Na-SPS ionomers as a function of weight % of the ionomer in
blends, measured at 1 Hz.
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Na-SPS ool @ wnr Ht} t] Zaith. whebr] PLAS =4 ZH87]9f o] 2% Alo]d
Fe gt 4 Qe 7138]7F Li-SPS olo] 2w H = Na-SPS ¢}o]

H ol webA multiplete] 7242 Li-SPS ofol 2w A5 o 4 &
9tk 200 °Ci ofolQ o] 7y, BT} =& 2% o] Alolo] AE Lol F
Q3 oS mAE 2Xoltt. wEha 200 °CollAE Li-SPS  ofo] @ w7}
Na-SPS ofo] e .=t} PLASIS] Bdl= EAo ¢ & 93-S F7 "k

A= Alge Aol feldelst BEd vavk Al ZHle] 25 Rl A vE
Wl 60—80, 120—160 28] 200—300 °C. WA Sl = of ofo]Q=m o
et v=9 Hage sjdete 2=(7y)e WstE dolr ] 93] Figure 5l =
Ao 7, #s Yehddth PLAS 7, 4%l SPS ctelex=mE 10 wt% A

A= 3}‘?4_ 5% PLAS T, ®u} oF 4 °C AE S7FskAIR, AgEE SPS of
o9 x=we] s FUIAIHEE PLAS T, Ao ®WekA et A, SPS
ofo]e w19l Ty.+v PLAS Sdl=stretx: 79 dAZ ghs Hole=d, 1 ofF
E Sy o] Adger 4 v PLAE FA aEAola, SPS olol e wmmo] F
AFEQ] polystyrene(PS)w&= B]=A LEA1H, 7 =429 549 HE7F tp=7] o
Lol dEAgo] dojupr] A5t wepA] o] &7]17F gl styrene GRIAEE o] F
o]zl ofo] & - matrix FE9] Ty S PLAS J&FS WA ka Ao dAZ
S HoFErh aga =538 SPS ofolo e T, .o A

Fol FahE ol oo

ol #Aglol FARS Ty #6S ®Qlth AR PLASH &

S T #5% obol el T Fol§ moln B Fol& HIE B
th. PLA/LI-SPS &dl=9] ASol&= &= Yol ofo]exwm o] 3hgko]l 70 wt%

(<3

e ue
R=)
o
4>
o
9
o
o
b
A
Lo
o~
T
v
s
ol
S
S
o
kT
HE
flo
>
0
>
2
)
wn
o)
7!

dee] Agole 5 otolwme] T Rtk oF 100 °C A% W 2EoA

oA g =% SPS ofelexme] T, By /= U ofojexme] T, 7F H4
= olfre thed o] AW = vk A A5 3}9} o] ofole

weol 7o WHE S+ multiplet ?FS] o] 2% Abole] FoAgo] FaAE

Sxolth wEka, PLAS =4 Z87]¢F ofo] o wmm ] ]1_”?} Atololl g3 #h-g-o]

doud multiplets o] F+& o242 7G7F o500 A7|7F Zolxitt. o] w
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- 300 cluster T,
o
:]'; PLNLi-SPi
= 250 |
= e —__ %Y o
5 @
2
£ 200 F
& AN
= PLA/LI-SPS PLA/MNa-SPS
2 150 | A
‘B = i
c matrix T
© g
» 100 | PLANa-SPS
% PLAT &
6 H‘:‘h‘\

50k PLA/LI-SPS

I 1 1 I
0 20 40 60 80 100

wt% of the ionomer in blends

Figure 5. Glass transition temperature of PLA blends with Li-SPS and
Na-SPS ionomers as a function of weight % of the ionomer in
blends, measured at 1 Hz.
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2} multiplet F¢lo = =
clustering 9 o] 74 3HA = o

gt PLA/Li-SPS¢} PLA/Na-SPS

Abole] oA A7l LI ol Fol2 Atele] Aaag Al7lEth ofsitt
TP EE Na-SPS ofe]e=me] o] 24 Ato]o] o282 Li-SPS ofo]e=m H
o} o] 224 Apole] Aogu) Ul om oFsty] uwie] PLAS =4 #&7]7F
Na-SPS ofoje=mo] o243 o B2 Aoxgs & 5 A o= <l
Na-SPS o}e] @ =¢8] multipleto] #eol FAHA &A ¥ L, cluster = 2 ©]
Folz A o} AH oz PLA/Na-SPS E#d= Ul ofolowwo] 7, 7} PLA/
Li-SPS =d=9] T, Bt o ol #Aadts Aojgt & 4 vk

aRAe] FAAE GrHA Ame] BEo] Frbshid, PLAGI SPS ofe]
A%How WA Wb A4 G Eo FreE AL 2w ofe]ewm)
Az A48T 4 Aohw A4 F Uk webA PLA/LISSPSSE PLA/Na-SPS
% 160 °C o] FelA o =& B4ES BIW PLA/LI-SPS E@l=o]A &
olermel FAA T AzAR/E Pk Li-SPS obe] 2. em

U= Azeta A% BG4 E HolHE Guth 42 3 AH )

ol &
T N
Iy

ox Mz

=2 o

i
ofN
N
il

2

Ll
oy
2
ok
S
2
Y

1—;]_[38740

H:
%0

E'=EQ+25V,+ 141V} (1)
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Figure 6. Storage moduli(£) of PLA/Li-SPS blends at 160 °C as a function of
volume fraction of ionomer. The values calculated by Guth equations

are also included.
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Figure 7. Storage moduli(Z) of PLA/Li-SPS blends at 160 °C according to
correlation coefficient of the blend. The values calculated by three
representative equations are also included.
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Figure 8. Storage moduli(£) of PLA/Li-SPS blends at 160 °C to a function of
volume fraction of 1onomer. The values calculated by Nielsen
equation are also included.
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Figure 9. Storage moduli(Z£) and loss tangents of PLA/Li-SPPhO blends as a
function of temperature, measured at 1 Hz. The weight ratio of the
PLA and the ionomer are indicated.
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Figure 10. Storage moduli(Z) and loss tangents of PLA/sulfonated ionomer

(50/50 w/w) blends as a function of temperature, measured at 1
Hz.
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Figure 11. Storage moduli(Z) of PLA/Li-SPPhO blends at 160 °C as a
function of volume fraction of ionomer. The values calculated by
Guth equations are also included.
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Figure 12. Storage moduli(Z£) of PLA/Li-SPPhO blends at 160 °C according to
correlation coefficient of the blend. The values calculated by three
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representative equations are also included.
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Figure 13. Storage moduli(Z) of PLA/Li-SPPhO blends at 160 °C to a function
of volume fraction of ionomer. The wvalues calculated by Nielsen
equation are also included.
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Figure 14. Storage moduli(Z£) and loss tangents of PLA/PSMNa ionomer
blends as a function of temperature, measured at 1 Hz. The weight
ratio of the PLA and the ionomer are indicated.
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Figure 15. DSC thermograms of PLA/PSMNa blends. The weight ratio of
PLA/ionomer in the blends is indicated near each curve.
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Figure 16. DSC thermograms of PLA/PSMLi blends. The weight ratio of
PLA/ionomer in the blends is indicated near each curve.
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o] 90 °C F2olA AT PashE A% HAT & Atk QAHCR T, o5
eRolN A% waEe AT RuAAD, T, o4 RN AY dyEL
Aol F7hgel mek Frkshe AL eA AWl gebg old@ Az

HBZo| A PLA/PSMNa Ed =9

DSC A3l A g 5 Q= AR B8 90 °C
A4 WAEol FA3 adhe olfi PSMA oko]owws] Hrld od PLAS
2440 43 ady) WEole @ + 9

PLA/PSMNa$} PLA/PSMLiI E#=9] ofo] @ wm] Frife] wE &Ast oy~
(E,)2 Arrhenius 2(k = A x ¢~ 7/77) & o] &5}o

o] 5 /e E(, 3, 5 10, 30 Ho)eF 7 AerEa 4s & & a9 Hu
(1)l oﬂ%}L 2% e digstda, Ast® 32 Table 19 YeERH AL

Table 1. Activation energies(Z,) for the peaks of the blends containing varying
amounts of PSMA ionomers

Sample E, (kJ/mol)
(w/w) Matrix phase Cluster phase
PLA/PSMNa
100/0 530 -
70/30 425 -
50/50 360 -
30/70 395 -
0/100 615 330
PLA/PSMLi
70/30 520 -
50/50 380 -
30/70 435 -
0/100 570 270

Table 114 =438 PLAS E,,& < 530 kJ/mole] ursith & =43
PSMNa o}elex=me] g, = < 615 kJ/mol, £, = <F 330 kJ/mole]a, =4=3F
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Figure 17. Glass transition temperature of PLA blends with PSMA ionomers as
a function of weight % of the ionomer in blends, measured at 1 Hz.
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Figure 18. SAXS profiles of PLA blends with varying amounts of PSMNa and
PSMLi ionomers.
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Figure 19. The ¢ values for SAXS peak maximum (¢,,,) and Bragg distance
(Dp,ay) calculated from g¢,,, as a function of the weight % of
PSMNa and PSMLIi ionomers in blends.
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