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Received_June 05, 2018 Abstract Simplification of the manufacturing process in shoe making is essential to im-
Revised_June 21, 2018 prove productivity and reduce production costs. To improve the adhesion of EVA foam
Accepted_June 24, 2018 used as a midsole, EVA/itaconated EPDM(EPDM-g-IA)(80/20wt%) blend was prepared

using Torque Rheometer-Plasti-Corder, and 1,6-hexamethylenediamine/crosslinking
agent/foaming agent/additive were mixed, followed by amidation reaction and foaming
to prepare EVA/EPDM-g-IA foam for shoe midsole. In this study, we investigate the effect
of the content of 1,6-hexamethylenediamine(0, 0.5, 1.0, 2.0, 3.0) on the mechanical
properties, water-contact angle and adhesion of EVA/itaconated EPDM foam. As the con-
tent of 1,6-hexamethylenediamine increased, mechanical properties such as tensile
strength, tear strength, tensile elastic modulus, hardness, and water-contact angle were
lowered, but elongation at break and compression set(%) were increased. Both normal
type and non-UV type adhesive strength increased with increasing diamine content. In
particular, it was found that the adhesion strength of the non-UV type adhesion increased
sharply with increasing diamine content. As a result, an adherend rupture occurs in a
foam sample having a content of 1,6-hexamethylenediamine of 3phr. From this, it can
be seen that the EVA/itaconated EPDM foam for shoe midsoles, which can be used for

non-UV adhesion without primer and UV treatments, have been developed.
TCF 30-2/2018-6/107-116
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rubber+ SX3}E7} Woba A4 o2 d W 29
Aol tigt Aol S8t oA, HAAAL 2 U
/o] 8= thFgth Eofofl 8- H= L Folth, &
7hgAd o] golt o] &4 EPDM L5 A7) $I5te] i)
EPDMo| 2,5-dimethyl-2,5-di(tert—butyl per—
oxy)hexaned} & A-F2tH A JWAIAIE AHE-5H
maleic acid, citraconic acid 22 itaconic acid&
&& graft 5 skl A ¥53 (carboxylic acid
functionalized) EPDM& €11, ii) A 35314
EPDME 5% o] 222 F3}4|7]0] o] 23kd EPDM
MRS AT,

H A LA o] A= citraconated/itaconated EPDM
9] o] 24 EPDM aLtof tigto] A--ghuf glom | o]
£ carboxylic group< amino group(-NHz)¥}
amidation®H-§- 3}o] ofulo]|=7]7F A HhE= A
= SISty o] 24 Zhu AR A = At &
= o gofEER o]y MR ErtaA Eos
g d 7Fso] 7hs stk whEkA o]t kA
PDM 115= €7FaA] EVAL Edlg sho] A
Fagt axoltt,

4] EVA/itaconated EPDM(EPDM-g-IA) &

=

e

= HA 713X A 30 A 28

rr

W 2o Wrk AL B 5 Uk A8 £Y
5171 $late] ofulier|S AW Hlolyle W A7l AT
!

A=Y

7]

U QAo g ot 7] 4] gt

wrebA] A Lo A= FF2 02 primer W UVA
2157 flo] Ha 7Hee Al S8 W EAE st
7] I8t EVAQ] itaconated EPDM(EPMD—-g—IA)
29k & 1,6-gAE = Hobrl(0, 0.5, 1.0,
.0, 3.0phr)/Z3HA/ 7k Al (EVAe] tsto] 1phr)/
324 (3.4phr)E EF5to] 72 R A o] EV] ¢
amidation B3} BF3z o] oJste] A o] &=L ofulo]
T719} ofm| =77} )l E WEAE Al xskgith, 1
AL & Ao A= Tt Ao WA E A 02 AL
Ee o ® uAsHAS ol Hotwle] o] W
Aol =4, &l et 52 % normal type/non—

2
UV type Q22o] n] 2= dakS 2ARFATEH

tlo

o DO

2.

uZ

(=
s

2.1 R THE 3 Al

Ethylene vinyl acetate copolymer= EVA 1328
(vinyl acetate, content 28%, Hanhwa chemical,
Korea), ethylene propylene diene monomer(EPDM)
2 Nordel IP 4760P(ethylene/propylene/ENB =
67.5/27.5/5.0wt%, DOW chemical, USA), ita—
conic acid(IA, Sigma—Aldrich, USA), /A A=
2,5-bis(tert—butylperoxy)-2,5-dimethyl
hexane(Trigonox 101, AkzoNobel, Germany),
Polar chain extender+ 1,6—hexamethylene di—
amine(1,6-HMDA, Sigma—Aldrich, USA)S AH&-
sk TH, AR A= octadecyl-3-(3, 5—di—tert—
butyl-4-hydroxyphenyl) propionate(Songnox—
1076, Songwon, Korea), 7FulA|= dicumyl peroxide
(DCP, AkzoNobel, Germany), ¥ Z A4 = JTR
[azodicarbonamide(ADCA), KUMYANG, Koreal,
dFZ 2 A4 &= AFSlol 9 (zine oxide, Hanil Chemical
Ind. Co., LTD, Korea)® Ao} Ak(stearic acid,
St/A, LG chemical, Korea), WM& FZ14= €&
E LA E(Ti02, Dupont, USA)E AR5}t

2.2 EPDM-g-I1A &8¢
EPDM 100g°]l 1A 4phr, 7HAIA(T-101) 0.07phr,



silAMH| =2 C|ot2lo] EVA/Itaconated EPDM 3= ZZA|o| 4 ¥ MAZZof 0|Xl= G (1) 109

CH:

%CHZ—CHEHCL—CHﬁm—ﬁC.H—CH%?

+ ROs
HC ——CH;
EPDM (ENB type)
[
—}CH; —CHy HCH—CH,———f CH—CH—— 0
OH
+ ROH -+ HO
‘ CH, O
»
HC— CH;
EPDM Itaconic acid
CH,
CH;—CH, Hc —CH-HCH—CH—}—
46 - ‘}1-_{ < m n
HC—CH;
OH
Ho”
CH, O

EPDM-g-TA

Scheme 1. Synthesis process of itaconated EPDM.
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Table 1. Sample code and composition of pure EVA, EVA/E/HD-0, EVA/E/HD-0.5, EVA/E/HD-1.0, EVA/E/HD-

2.0, and EVA/E/HD-3.0 foams

Compound composition

Sample code 1,6-HMDA  ZnO t/A TiO2 DCP JTR

EVA~ EPDM-g-IA ,e(phr) (phr) (Spr/w) (phr) (phr) (phr)
Pure EVA 100 - - 3 1 4 1.0 3.4
EVA/E/HD-0 80 20 0 3 1 4 0.8 3.4
EVA/E/HD-0.5 80 20 0.5 3 1 4 0.8 3.4
EVA/E/HD-1.0 80 20 1.0 3 1 4 0.8 3.4
EVA/E/HD-2.0 80 20 2.0 3 1 4 0.8 3.4
EVA/E/HD-3.0 80 20 3.0 3 1 4 0.8 3.4

AFshEF ] Al (Songnox—1076) 0.3phro] ko =2
50rpm, 170C, 1029 274 4] EH7|(In-
ternal mixer, Torque Rheometer—PLASTI-CORDER,
Brabender, Germany)2 &-§ 12X g5} ita-
conated EPDM(EPDM~-g—1A)E §/d3hacH.

Scheme 19| itaconated EPDM 2] 3434 1t
ERL AT

2.3 Ymx| M=

ol B A& o) Al EVA/EPDM-g-1A 2| 3 H3}ol
2 84S 1% 9 2 A3 EVA/EPDM-g-1A¢] &
°] 80/20 1 77} 7 B/ o] 943k A& Eelst
oug B o A= EVA/EPDM-g-1A9] 3t
80/202.8 1gste] A& MYPsiict.

EVA/EPDM-g-IA(80/20) 24 =% 60rpm, 27|
L% 120C2 A4 % internal mixero] £Ysto] 55
7+ 83 £HU3 ¥ ZnO(3phr), St/A(lphr) U
TiO2(4phr)& F7}FstaL vpA|uto] heks delgh0~
3.0phr) 1,6-AH[HIT]obRl S B sto] 271 &
H3}ith, EVA/EPDM-g—I1Ao| A 7HA|/Z38HA) /2
of2l AH(St/A), /AMEFOLA(Zn0), EEHEU ALl =
(TiO2) ¥ tjopylo] S5 w4k S ghlstal &d
7|25 E HogEE FHET ., 80TY roll mill
(PK-RM20140903 8inch, POONGKWANG,
Korea)ol Al 7FiA| (DCP, EVA©| thate] 1phr)e} 2t
ZA JTR(3.4phr)S VA A A E(sheet) S &2 7h
SEOITH, A EA; A A Zol| AHE-E 2HE 31k
’3& Table 1] YEFHSITE,

o
29 AEES 994 71 =¥ A (CMP150,

ol
o 32 of £

BN ol

A

=

é]‘;%ﬁéﬁ"7}—g—§L§];{/ ZJ/ 30‘71_‘_] X']/ 2%

KUKDONG, Korea)& 170°C, 150~155kgf/cm?<]
2o 1027 71E 2 ¢oF 5 A sto] HEAE A

H| 2 KS M ISO 1183-19] #3lo] Alg st
(CCls,1.59)2F n—F ¥ (n—heptane, 0.68)2] T3+

where,

ER : The expansion ratio of foam(%)
el : The length of cooled foam

m1 : The size(length) of molder

+ 7 & A (Shore C durometer, Asker,
Japan)E AHE-5F9 oW KS M 3043 F4ol £3to] &

3 w2 249, BT 2 Tl Brhsc,
of AT, AL ASHRAG7]

2
BN
)
>
=)

(universal testing machine, UTM, Instron,
USA)E AHE3gom KS M 65189 49 #35}0]
Z2A35Fth, T3 10mm min 19 AlE £ & Q1A
= o3l 3 24 1071 AdHe 2 A Ee o

oo
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o Wit ARSIt
HZ&7ZS contact angle goniometer(phoenix

300, Surface eletro optics, Korea)E Ab-&3}¢
25CoA Sttt AE5ZF Aol ARERF S
sessile drop method 24 A|H FHoj nfo]a2 A9
A& o]-gsto] FRFE Hol=dl & HA-ILA|-7|A|
Aol A Ao HAx AlsH R o] o] F= ZH e g Al
ol 9 A& Esto] 103 543 3
PO 2 ARG,
7= KS M 65189 2 of utet
F&-sto]l SAstolon 2+ AlEH
Hat g A8kl

=
ek
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AE oF 10mme FAR ¥ F A Fo| 28.7
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where,

to . The original thickness of sample(lcm)

te - The thickness of recovered sample after
compressed at 50C for 6h and subse-—
quently cooling down to room temperature
for 30min

ts © The thickness(0.5cm) of compressed sample

type non—UV typel =
< Scheme 201 e Tt 78 44 Zefolm=

o H ZAZ=ol 0jxj= G () 111

PR-505(HENKEL), 2#X]& =4 Zefo|m= P-
T-2(HENKEL)E Ab&stgich. A& Az Al
HENKELAFY] H&A] W-50] 434 ARF-40<
5phr A 7}sto] A xsk

52
—

3.1 YR HIF ! URHE
Table 20 24 9] v|F 9 dzuj&S Uehf sl
o Azx"H &4 EVATEZAH 2 EVAQBOWL%)/
EPDM-g-TA(20wt%)—1,6—HMDA(0, 0.5, 1.0,
2.0, 3.0phr) HEZA Alg 25 H]F20.19-0.202
A At gk Ae& Y499, 18a g
oful 9] kS Gt A E EEO Yol ARt
2 79 dAg 72 7HA|
o}, o3t AatES totyl e &k
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3.2 eEH|o| Az

Y8 EVA WA O] = W5t 2 AlFof ut
2hA] AFgs] th2ch, 2 BEVA W24 9] 2 % (on skin)
L Shore C 42-73% thoFat W 9]of| Qlr},

Figure 19 7} A|=9] =& Yehfolct, 2 A+
o A AHE-EE <=4 EVARFZA 9] H = 55-560]92
U, AR AEel EPDM-g-1A7} 20wt% gH-&-Hell ot
2t 45-462 IA ashs AL & 4= Aot 19
t]otl o] FHeF(0-3phr) o] F7Fekel wheba] ZH =7} of

3.3 emx|e| Q1 =M
Figure 20 ¥4 A E 9| stress—strain A1
ety glem | o]& &4 3t Table 20| YEfH T,
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112 HoiXl - 0|1F8| - UH4 - 0|ST - UM
Normal type Non-UV type
‘ Out-sole ‘ ‘ Mid-sole Out-sole ‘ ‘ Mid-sole
‘ Washing ‘ ‘ Washing ‘ l
(MEK) (MEK) ‘ Washing ‘ ‘ Washing ‘
Drying(60°C, Smin) (MEK) (MEK)
‘ Primer ‘ Primer Drying(60°C, 5min)
(PR-505) (P-7-2)
. . . Primer ‘ Adhesive
Drying(60°C, 2min) ‘ (PR-505) (W-50/ARF40)
Adhesive UV Radiation Dryin
(W-50/ARF40) (60°C. 2min)
‘ Adhesive
‘ Adhesive (W-50/ARF40)
(W-50/ARF40)
Drying(60°C, Smin) Drying(60°C, 5min)
‘ Adhesion
‘ Adhesion ‘
Scheme 2. Manufacturing process of adhesion samples.
2 Aol A AR =43 EVAY IR =7t A= 30.6kgf/cm?= =473 EVAC] Blsto] Q1
38.0kgf/cm?Qld] Btato] tjolyl & FHf-alA] ¢k HAmIb oF 20% Hadshe A & 4= AUt otk 2l
EVA/EPDM-g-IA BAE A& (EVA/E/HD-0)¢] 2l A7dEo Hae EVA A2Y EPDM-g-1A A& A}

Table 2. Mechanical properties of pure EVA, EVA/E/HD-0, EVA/E/HD-0.5, EVA/E/HD—-1.0, EVA/E/HD-2.0,

and EVA/E/HD-3.0 foams

Mechanical properties

Sample code Specific Ex;::;\i:mn Tensile  Elongation Modulusat  Tear Cgi':,? I::t_ I(-Isahrg:eeg
gravity (%) strength  atbreak 100% strength (%) on skin
(kgf/cm? (%) (kgf/cm?)  (kgf/cm)
Pure EVA 0.20 163 38.0 206.8 25.6 14.7 43.0 55-56
EVA/E/HD-0 0.19 164 30.6 300.0 13.1 14.3 53.6 45-46
EVA/E/HD-0.5 0.19 164 27.1 311.3 9.4 11.0 59.0 42-43
EVA/E/HD-1.0 0.19 163 26.0 360.4 8.7 10.9 59.3 41-42
EVA/E/HD-2.0 0.19 163 26.0 560.0 6.7 10.8 59.5 41-42
EVA/E/HD-3.0 0.20 163 25.9 583.6 6.5 10.5 60.0 40-42

S A 7)E8}3) A A) 302 A 25
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30 4

Hardness (Shore C)

20

T T T T T T
Pure EVA EVA/E/HD-0 EVA/E/HD-0.5 EVA/E/HD-1.0 EVA/E/HD-2.0 EVA/E/HD-3.0

Figure 1. Hardness of pure EVA, EVA/E/HD-0,
EVA/E/HD-0.5, EVA/E/HD-1.0, EVA/E/HD-2.0,
and EVA/E/HD-3.0 foams.
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whebA] 13, 1kgf/cm?® F23] A= 9tt, 1e|aL ¢
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APHoE AHEEE EVA TEA 9] vt
250% ool aFH T, & Aol A AR
EVA WEZ A 9] A %= 206.8%0 o, 15+
EPDM-g-TA7} 20wt% &3 o whehA
300.0%%= 23] T7oh= ﬁ% SR
t]o}ul o] slako| Z7}3k4
o] 583.6% JE==2 713}
1] gteko] 57}—&01] waha] ol
7} S 7¥ek ol
38t JEPE

of Sl W& 7307 o= Az

o rr w

ox,
by
ox 2

>
ez

|
24
1o

N = oox Hr
No® HodAz H H
SboRErr o e

B2po] 7|7 F71gto 2
ZHeiTt,

113

40

Pure EVA

EVA/E/HD-1.0

EVA/E/HD-2.0
EVA/E/HD-3.0

-7 e
N7
-
M

30 A
EVA/E/HD-0.5

T T T
300 400 500

Strain (%)

T
200 600

Figure 2. Stress—strain curves of pure EVA, EVA
/E/HD-0, EVA/E/HD-0.5, EVA/E/HD-1.0, EVA/E/HD
-2.0, and EVA/E/HD-3.0 foams.
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110

100 A

90 4

Contact angle (°)

80

70

T T T T T T
Pure EVA EVA/E/HD-0  EVA/E/HD-0.5 EVA/E/HD-1.0 EVA/E/HD-2.0 EVA/E/HD-3.0

Figure 3. Water contact angle of pure EVA, EVA/
E/HD-0, EVA/E/HD-0.5, EVA/E/HD-1.0, EVA/E/HD
-2.0, and EVA/E/HD-3.0 foams.

BE AR A4
e verglon) ol 4YHoR aTEE <

H
% 10kgf/cmol/do] B A & 4= ST,

3.6 LAl G7ei5ES8

Uzl B P HEAGNA S FaF

=4 39| shtoltt,

set %) 2 2 &

Ao A=
Figure 5 A
ek, & AtollA AHEE & B

USHEE2 413%°]%=Hl, EPDM-g-1A7} 20wt%
ShrHol weka 53.6%% 23] S7Fetelch 181

70 A

50

Compression set (%)

40

30

T T T T T T
Pure EVA EVA/E/HD-0 EVA/E/HD-0.5 EVA/E/HD-1.0 EVA/E/HD-2.0 EVA/E/HD-3.0

Figure 5. Compression set of pure EVA, EVA/E/HD-
0, EVA/E/HD-0.5, EVA/E/HD-1.0, EVA/E/HD-2.0,
and EVA/E/HD-3.0 foams.

é]‘%%jﬂ7}'éj§]_§/x/ ZJ/ 30‘71_‘.] X'/]/ 2%

ZEE10-11kgf/cm= A2 443t
o % VAR

P T
S A Y-S YER | S Al S8 EVA T

NES BTUZESEE et
2EA | 37

25

20 +

Tear strength (kgf/cm)
> @
o

T T T T T T
Pure EVA EVA/E/HD-0 EVA/E/HD-0.5 EVA/E/HD-1.0 EVA/E/HD-2.0 EVA/E/HD-3.0

Figure 4. Tear strength of pure EVA, EVA/E/HD-0, EVA
/E/HD-0.5, EVA/E/HD-1.0, EVA/E/HD-2.0, and EVA/
E/HD-3.0 foams.

) 9] 9 P
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