Polym. Korea, Vol. 47, No. 5, pp. 669-677 (2023) ISSN 0379-153X(Print)
https://doi.org/10.7317/pk.2023.47.5.669 ISSN 2234-8077(Online)

,\
o
(=)
[\S]
W
(L
(@)}
(e,
(]
S
e

vy

-
[\e]
S
[\S]
W
rL
~J
e
©
r
ON
[\e]
S
[\S]
W
rL
~J
e
o
e
g&
u)

p—

Study on the Crosslinking System for Molded-In Foaming (MIF) Process
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&8 B A4 = ethylene-co-methacrylic acid copolymer(EMAA)S] 7t A2 zinc oxide(ZnO)} dicumyl
peroxide(DCP)E A-&3lo] A7kl W& 7k 7% 542 oscillating disc rheometer(ODR)S 53 £4g0 2H)
molded-in foaming(MIF) 340| 2 71w 28-S 232 31 Th DCPe AL, 7] EX A% £571 wa)
MIF 34l 2 gakA] eF3kth. Zn0®] 7%, 5 phr odellA fofn)gh EadsirF #2= ¢l on DCPoF frAFE ol
E3 3e Yehd A9 7] EA 3 4% £57F Yol DCPET MIF 3789l o Agsioial A= 31ct. ZnO
15 phroll DCPE H71s A5, 27| EA 3} A5S 9 fAAME A E= 7 o] 713 DCP % ZnO
T=HUE ZnO/DCP 53 7k Al2=glo] MIF 3780l o f-&-3tctar det= 3l

Abstract: This study aimed to find a suitable crosslinking system for the molded-in foaming (MIF) process by analyzing
the crosslinking behavior of ethylene-co-methacrylic acid copolymer (EMAA) with zinc oxide (ZnO) and dicumyl per-
oxide (DCP) as crosslinkers using oscillating disc theometer (ODR). DCP was not suitable for MIF process due to its
fast initial torque rise rate. For ZnO, a significant torque change was observed at 5 phr or higher, and even when it showed
a similar maximum torque value to DCP, it was judged to be more suitable for the MIF process than DCP because of
its low initial torque value increase rate. When DCP was added to 15 phr of ZnO, it was possible to increase the max-
imum torque value while keeping the initial torque increase low, so it was judged that the ZnO/DCP composite cross-
linking system was more useful for the MIF process than DCP and ZnO alone.

Keywords: ethylene-co-methacrylic acid copolymer, ionomer, dicumyl peroxide, zinc oxide, molded-in foaming.
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Figure 1. Schematics of two processes: (a) expansion-foaming pro-
cess; (b) MIF process.
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Table 1. Characteristics of Materials used in This Study
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Material (Abbreviation)

Grade (Supplier)

Specifications

Ethylene-co-methacrylic acid
copolymer (EMAA)

Nucrel 925 (DuPont chemical Co.)

MAA comonomer content = 15%;
MI (190 C, 2.16 kg) =25 g/10min;
Melting point (DSC)=92 C;
Density = 0.94 g/cm®

Dicumyl peroxide (DCP)

LUPEROX DCP (Arkema Co.)

99% pure; Half-time (1 min) =170 C

Zinc Oxide (ZnO)

Powder (Samchun chemicals Co.)

Specific gravity 5.67 g/em®;
Melting point= 1975 C

Table 2. Formulation of Compounds (Amounts: phr)

Material EDO EDI ED2 ED3 ED4 ED5 ED6 EZ1 EZ2 EZ3 EZ4 EZ5 EZ6 EZD1 EZD2 EZD3 EZD4
EMAA 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
DCP - 0.5 1 1.5 2 2.5 3 - - - - - - 0.5 1 2 3
ZnO - - - - - - - 2 4 5 8 10 15 15 15 15 15
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Figure 2. FTIR spectra (4000-650 cm™) of the compounds at 170 C:
(a) EMAA; (b) EMAA/DCP(3); (¢) EMAA/ZnO(15); (d) EMAA/
ZnO(15)/DCP(3).
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Figure 3. FTIR spectra (1800-1500 cm™) of the compounds at 170 C:
(a) EMAA; (b) EMAA/ZnO; (c) EMAA/ZnO(15)/DCP.
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Scheme 1. Plausible crosslinking mechanism of EMAA using DCP.
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Figure 4. Cure characteristics of EMAA/DCP compounds with var-
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Z} 70 Mg Zjol= ot Mo 7 B uf zF 17k
TYshk= AI7RS DCP gHfol] #HAIgle] AR Aoz et

sttt
EMAA®] 7t A 7F H7FE]A] 92 Z4--(ED0)= A<l

Table 3. Cure Properties of EMAA/DCP Compounds with Various DCP Contents at 170 °C

Properties (dNm) EDO EDI ED2 ED3 ED4 ED5 ED6
M, 0.062 0.075 0.078 0.078 0.077 0.076 0.077

M(10) 0.063 0.096 0.131 0.169 0.219 0.250 0.300
M(50) 0.065 0.180 0.344 0.532 0.786 0.948 1.194
M(90) 0.067 0.264 0.557 0.896 1.352 1.646 2.087

My 0.068 0.285 0.610 0.987 1.494 1.820 2310
My-M;, 0.006 0.210 0.532 0.909 1.417 1.744 2.233

Polym. Korea, Vol. 47, No. 5, 2023



674 AEFE S SRS

H

:L

= 7HAZE H7rE 739-ok Hlas
1%} } W EZ2e] f5Ale] 7P Eol R 27 %— 7H)
E] 2340] 7P 2L Aoz wokgh 2y 1

S B3 s flo] A9 /A e o
St} DCP7} 0.5 phr d718 7% CRIZF 7H3 §°} 7fal
agol 78 EA JEREAINE DCP EHigo] Wol Huo B4
ol 7P W& Aeoltt mebd B 7] 2= FX 54
=8 07 A} HE B3] Yol W Sl A QF
e Ao g dojd Ao g Akt DCPE 3.0 phr

A 409 2o] A1) W 2 vske
B

rlo

o]
A7V 739 Hdl B2 gho] 7P =ob R $RF Al gAY
o] 7F¢ & AOE e B 27| 74?40594 57
o] tgo]xq 2= Z]/HO AH:HXJ_E 7}11— Llo 4_9& cq])\ol—
Ht} WA DCPE 71 Al 2 EMAAS] A7k wE 7l
s EA HIE §8] MIF 38 283 T Z(sole)
Az A DCP e 12 phr A=7F A48 Aoz wcty]
At} o= AWl At 71l Al DCP A% =gk dA]
s} 2

EMAA/ZnO Compounds?| 7t S4 HJ} EMAA <
Ae gy o g §73tsE e S5 AlsE e 7t
wAl ol 7lwrt 75 ZnOe FE TR Thar A
ZH oA dukx o 7 AL 7t A o]t} ZnOs stearic
acid®} ¥F&-3le] zinc stearateS FAI3ITH3H wlEbA ZnOE
EMAAS] carboxylic acid®} ¥H-&-3te] ol 9} 72o] free zinc
cationg FAJ3IA] 3L zine complexEs &/ gt

Zn0O + 2R-CO,H — R-CO, --- Zn**---"0,C-R + H,0

E Aol EMAA-Zn ©]|2x=HE EMAAY] EA)s= 7R
1}\}_ ZnO«] Zn2+9]. 7re :L_/;: o]&i 34§].‘6]— Q-»]—i @

CH, CH,

(a) (b)

20 O = /e
c/e Zn2* 3/0 o )E
o o

(a)
Figure 7. Schematic view of ionic aggregates via metal-carboxylic
acid neutralization reaction: (a) tetra-coordinated; (b) hexa-coordi-
nated zinc carboxylate multiplet structure.

Za), A4778 A 535, 20239

I IR

M

Table 4. Cure Properties of EMAA/ZnO Compounds with Various
ZnO Contents at 170 °C

Properties ({Nm) EZ1 EZ2 EZ3 EZ4 EZ5 EZ6

M, 0.058 0.050 0.060 0.060 0.070 0.060
M(10) 0.059 0.058 0.076 0.116 0210 0.271
M(50) 0.064 0.092 0.140 0340 0.770 1.115
M(90) 0.069 0.125 0.204 0.564 1.330 1.959

My 0.070 0.133 0.220 0.620 1.470 2.170

My-M;, 0.012 0.083 0.160 0.560 1.400 2.110
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Figure 8. Cure characteristics of EMAA/ZnO compounds with var-
ious ZnO contents at 170 C.
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Figure 9. Cure property of EMAA/ZnO compounds with various
ZnO contents at 170 C.
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Figure 10. Cure characteristics of EMAA/ZnO(15)/DCP compounds
with various DCP contents at 170 C.
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Figure 11. Cure property of EMAA/ZnO(15)/DCP compounds with
various DCP contents at 170 C.
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Table 5. Cure Properties of EMAA/ZnO(15)/DCP Compounds
with Various DCP Contents at 170 °C

Properties (dNm) EZD1 EZD2 EZD3 EZD4

M, 0.070 0.080 0.080 0.090
M(10) 0.482 0.569 0.627 0.615
M(50) 2.130 2.525 2.815 2.715
M(90) 3.778 4.481 5.003 4.815

My 4.190 4.970 5.550 5.340
My-M, 4.120 4.890 5.470 5.250

Al A7kl M B 3L wish 'le] thE2A yEbit mEt
Al & AFeMe T 7kA]l £ Al Akl mE EMAAS]
7l AE 58S AR 3181 170 TolA] 304 F<t
ODRZ =43 EMAA/ZnO/DCP compounds®] 7} 715 &
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Figure 12. Comparison of cure characteristics of compounds at
170 C: EMAA/ZnO(15), EMAA/DCP(0.5/1/2/3); EMAA/ ZnO(15)/
DCP(0.5/1/2/3).
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