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ABSTRACT: Dispersions are prepared from poly(ethylene-co-acrylic acid) (PEEA) ionomer
with two different counter-ions, ammonium and sodium. The diffusional characteristic of
urea aqueous solution are measured for the films prepared from the above mentioned disper-
sions. It is attempted to find the relationship between diffusional behavior and various chemi-
cal and physical characteristics of films. DSC is employed to characterize glass transition tem-
perature and degree of crystallinity and the structural features of crystal phase and ionic clus-
ters are examined by WAXD and FTIR. The diffusional chracteristics of ionomer is found to
be dependent on various parameters such as the size of initial dispersion as well as the kind of
counter ion and the degree of neutralization.
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Table 1. Component and Molecular Weight * of
Copolymer and Dispersion Recipe

PEAA ethylene/acrylic acid
80 /20 (wi%)
M,:7000 M, :18000 MWD:2.6
dispersant ammonium hydroxide,
sodium hydroxide
degree of neutralization (%)°  respectively : 50, 25, 125

% Equivalent molecular weight by GPC to polystyrene standard.
b Acrylic acid composition in poly(ethylene- co-acrylic acid).
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Figure 1. Schematic diagram for measurement of dif-
fusion coefficient; (1) Donor cell, {(2) Receptor cell, (3)
Screw cap, (4) Nut and boit, (5) O-ring and gasket, (6)
Magnetic stirring bar, (7) Membrane, (8) Magnetic stir-
rer, (9) Thermostatted water inlet, (10) Thermostatted
water outlet, and (11) Thermostatted water bath.
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Table 2. Particle Size and Particle Size Distribu-
tion for Dispersion Samples Used in This Study

::::; weight average particle size
samples diameter diameter  distribution
(D nm) (Dy:nm)  (D,/Dy)
L
PEAA-NHOH 125%° 143 167 117
PEAA-NH,0H 25% 70 128 1.83
PEAA-NH,0H 50% 27 38 1.42
PEAA-NaOH 125% 161 177 1.10
PEAA-NaOH 25% 112 116 1.04
PEAA-NaOH 50% 50 69 1.37

% Neutralization percent of acrylic acid in poly(ethylene-co-
acrylic acid).
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Figure 2. DSC thermograms of PEAA: (a) PEAA
raw material, (b) COOH neutralized 12.5% by NH,",
{c) COOH neutralized 25% by NH,*, (d) COOH neutra-
lized 50% by NH,*, (e) COOH neutralized 12.5% by
Na*, (f) COOH neutralized 25% by Na*, and (g)
COOH neutralized 50% by Na™.
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Table 3. The Melting Temperature of PEAA Dis-
persed Samples, and Its Heat of Fusion

To' Taw H; crystallinity
(ty (v U/ (%)
PEAA raw material 57 75 743 25.4
PEAA-NH,OH 125%° 435 746 613 21
PEAA-NH,OH 25% 46 717 633 21.6
PEAA-NH,OH 50% 462 791 684 233

samples

PEAA-NaOH 12.5% 8.2 232 8
PEAA-NaOH 25% 87 266 91
PEAA-NaOH 50% 893 275 94

4 T m1- Lower melting temperature. b T : Higher melting tem-
perature. ¢ Neutralization percent of acrylic acid in poly(ethyl-
ene-co-acrylic acid).
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Figure 3. WAXD patterns of PEAA: (a) COOH neu-
tralized 125% by NH,*, (b) COOH neutralized 25% by
NH,*, (¢} COOH neutralized 50% by NH,*, (d} COOH
neutralized 12.5% by Na*, (e} COOH neutralized 25%

by Na*, and (f) COOH neutralized 50% by Na*.
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Figure 4. FT-IR spectrum of PEAA: (a) COOH neu-
tralized 12.5% by NH,™, (b} COOH neutralized 25% by
NH,*, (c) COOH neutralized 50% by NH,*, (d) COOH
neutralized 12.5% by Na*, (e) COOH neutralized 25%
by Na*, and (f) COOH neutralized 50% by Na™*.
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Figure5. Relative water sorption vs log time: (a)
COOH neutralized 50% by Na™ { ), {b) COOH neutra-
lized 25% by Na* (@), (¢} COOH neutralized 125% by
Na* (¥), (d) COOH neutralized 12.5% by NH,* (A),
{e) COOH neutralized 25% by NH,* (@), and (D)
COOH neutratized 50% by NH,* ().
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Figure 6. Diffusion coefficients of PEAA: (a) COOH
neutralized by Na* (@) and (b) COOH neutralized by
NH,* (®).

t 299 749 99, AvA: €A 2F
goolct. wEx A Rol& x| Y
T 723 5L A d93] ofg FAo)
2ta & 4 2. Figure 69 42]¥ urea 48|
g G F3AY 4T EFHA EJL &
A48 gegoz BAAIZ o] f4ts YEgo =
AR ARG o e 3ASE Bl Ho|
th ol ¥ FF AR AdAd AR Aol
g Holgtx AXNE # Yok 2 AP NE F
7Hg ¥E FIEE Bol1 Y= F AEE v
DSCHFA o AAZE: 215%d 8% =4 t}
£ Z3x9] ARER o] AAT o7l L=
BT A A Aol Helw A @
© AL Fv|EE AMoit. mEA Bdo] © YA
9] A7]7} YE BAd FFE v ojR] AHH
o2 Pgo Fisd I B8 YL vA 9
ti FAE 5 Jou o] Y U FH <
AYA dAEe QoA R 413 dEwd
FAE YEFOZ BT Z AR 9] Sk
oE JdF FdiASe] Wshe gAY 57 ¥
9 FYde B3I w25 9o

a4 E

FA3 dREH A% UYE§oz BN
PEAAYES] urea 84 th ¥ #AAFE DSC,

96

WAXD, FT-IRe} 93 &3€ 324 543 &
F55 A9 4% g 344 49 Ege 4
3 A4 ¢ gax A=sd. DSCe 4 23
g% AAs=e FAS} JEELEZ £ Aol
T3 dREFos EAANZ ARt Y FHor
ol WAXDS] Zistx AX 3 o}, o] F FF/
A8 7h3 & zel¥e FT-IRo|Y WAXDe| &
oA BRo] S=at3l JEFOo R HAR I HL=
g o] 24 APAMsF EAske vl A8 g
w79 B Ao T adgte] EAdE= Al o=
LE YAZANA d2g vidolLy B¢ Ui
348, &4¥ ZIsa 4449 wjo)ee AF

o A2d g9 ¢ R e Wy A
ot i groll AdAEQA FYo] A Ror wP
gt 7% 5 Fo o] did AxFHA A
ol ARzl A Aold o HdFE 5 Y2
U 4o 49 A AR Aold 97 Ao
2 HA37] e 2] B g YA
o] T Al 39 QYEE AT VL = Aos=
o, £ 479 dx A5y 249 34t barri-
er2A ZgogdA ole=HE ALY AfdE 0
oo FFe UE ¥4 =10 T& Ao 2N
32 x| FEE xHo| 7Mee U F Ak

1 g 8

1. B. G. Kim and J. C. Lee, Polymer, 87, 469 (1996).

2. S. Y. Lee, J. S. Lee, and B. G. Kim, Polyiner Int., 42, 67
(1997).

3. H. B. Kim and M. A. Winnik, Macromolecules, 28, 2033
(1995).

4. S. Kutsmizu, H Hara, H. Tachino, K. Shimabayashi,
and S. Yano, Macromolecules, 32, 6340 (1999).

5. S. W. Bistac, P. Kunemann, and J. Schultz, Polymer,
39, 4875 (1998).

6. M. A. Del Nobile, G. Mensitieri, and L. Nicolais, Poly-
mer Int., 41, 73 (1996).

7. R. S. Diomar, P. Charter, R. Jerome, and C. E. Willams,
J. Appl. Cryst., 80, 717 (1997).

8. S. Kutsmizu, N. Nagao, K Tadano, H Tachino, E.
Hirasawa, and S. Yano, Macromolecules, 25, 6829
(1992).

9. Y. M. Weng, M. J. Chen, and W. Chen, International

Polymer{Korea) Vol. 25, No. 1, January 2001



Poly(ethylene-co-acrylic acid)9] #4tq)z} Azl 2 Wg9 84 FHA5FA

Journal of Food Science Technology, 82, 229 (1997).

10. B. P. Grady, Macromolecules, 32, 2983 (1999).

11. T. ]. Potts, J. Assoc. Off. Agric. Chem., 48, 303 (1963).

12. G. W. Watt and J. D. Chrisp. Analytical Chemistry, 28,
452 (1954).

13. M. A. Del Nobile, G. Mensitieri, and L. Nicolais, /.
Appl. Polym. Sci., 33, 1269 (1995).

14. S. Kutsumizu, N. Nagao, K. Tadano, H. Tachino, E.
Hirasawa, and S. Yano, Macromolecules, 25, 6829
(1992).

#alo] A253 A13 20019 149

15.

16.

17.

18.

Y. Tsujita, K Shibayama, A. Takizawa, T. Kinoshita,
and L. Uematsu, /. Appl. Polym. Sci., 38, 1307 (1987).
M. Kohzaki, Y. Tsujita, A. Takizawa, and T. Kinoshita,
J. Api. Phys. Sci., 82, 2393 (1987).

F. C.Wilson, R. Longworth, and D. J. Vaughan, Poly-
mer. Prepe. Am. Chem. Soc., Div. Polym. Chem., 9, 505
(1968).

R. Longworth and D. J. Vaughan, Nafure, 218, 85
(1968).

97



