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ABSTRACT : Thermoplastic elastomer was prepared from dynamical vulcanization of isotactic poly-
propylene(iPP)/nitrile rubber blend (NBR/iPP=70/30 wt/wt) in an internal mixer using dicumyl peroxide
(DCP) as a curing agent and zinc dimethacrylate (ZDMA) as a coagent. There was a great improvement
in tensile and tear strength, elongation-at-break and lower tension set when ZDMA was incorporated into
the blend, which is supposed to be due to the increase in crosslink density of the rubber phase and
the reduction in size of the rubber particles. It was revealed that the dynamically vulcanized blend exhibited
good reprocessibility, indicating its thermoplastic nature.

Keywords : NBR/PP blend, dynamic vulcanization, thermoplastic elastomer

Vo) & A AHe-mail : ywehang@hanyang.ac.kr)

245

Elastomer Vol. 4], No. 4, 2006



246 o]

o
rlo
N
2

R

I7}aAl e A)(thermoplastic elastomer: TPE)= &
7ted FekaEo] Zte JHEAE AWM F
fraga B4e A Zde AAEA Ve

TAFE EZ7 i H(dynamic vulcanization)ol] 2]3j
Az=e A= Hejr} Aok’ olF FApagol
oa] Az=e TPES AS< #HFe 1RE of‘7}
A EeaE R SYstE AgelA stuAE

Ashd, AT dlolA 1F7} sharE o] Ogﬂi
FopAy A&t mlAEkA BAtEE mATE
THIEE & 5 o, ojzigh Bal=ox] 1M
ol Ztu® IFYAE ol3] wFErgo] ddEEY
A& Er7HaAdTAZ A3 %7}+J+ Agg
o] 7hsskAl "k ols} o] B=ol s A

Z%E TPEE zﬂzﬂrﬂol Bl 7+ *6‘}1 i?{%

ox oZ:

1= A ] TPE= —riéﬂ EPDM,
Zgl~elo 25 HDPE, PP
= z‘s}o#*‘” SAN, UJdE &
= HolEg}l #& AAo)y
—g—a}éaﬂ zeivu AT UdA TPEY A
==

Al

@
= I
L g 3
E
o) L o

g A% 2508 AvHm v oUE BUS

TPEZ} ¢ nFE8% A= 2 WiE4d 55
HEd el el 2R 20 5
FIAE £ clstololor sl 22Yde) Sad
EE 389 Aokl odd SATEE Sas
Sagre gEN, wRS EAAE0 484
% BN A ABAE 2349 SE w3

© ZhaAaE Sl fa =2

_grﬂ
2
o

g Al 2% vk

datxgw] #4138 A4z, 2006

Je cogent®jee B3t FAlo) ZDMA
7} Jbaekg F R FHd FHATo s g
EfT oo FfE FHD @ 2T
(onic cluster)e] Ao 235l 7twHdLE F7}
ANZA HH, ol2RE 159 &4 B JAHEAY
=3 57}*]7‘ & ok g sl o3 F
A7t Ed=E Az oMz o2 544
= @7}7} ngge) BEHA JtwE fET F
Rolef ol <ls) A BAL AL F
Aoz sdE £ 7t
o185 PPNBR A7 Helg AZ
el gal oledcie] Hrlo) ulz EIzo

54 2 ASEHS 2ASE

off 3o Ef 30 30
2 m[o m[o

Az ' SH=E M=

B Ao A" PPE S8R5t 329 iso-
tactic PP (HY 301, Samsung Chem)2, NBRZ AN
o] 34%9) KP Chemical®] KNB3SLME A}2-3}
Fow, ol BuHl=eo] AL3}A|Z4 phenol modi-
fied PPE F3o| Hu® WHUE A Az:slo
ARl ow, AestAlE PPE JIESZ 10 wi
% A7y’ =sAAZME  Irganox 1010
(Ciba geigy)™ Rubatan 184-RD (Monsanto)S A&
gk A2 ARE3E dicumyl peroxide(DCP)
2} vjelz™areleddd(zine dimethacrylate, ZDMA)T
AldrichAlol| A 918k Tt

PP2} NBR E3=i= cam type rotor7} 2&Hg )
B 537] (Haake Polylab 3000P)S A}M&3t] 60
rom, 180°Ce) ZAG)N FusAt. WA PPE
Irganox 10103} £33+ § EY&H s, PP} &8
® 2% NBR3} Rubatan 184-RDE 37 F3t]
Bzt 94} A w7 oF 10 #3F £Fst3th
E#I=% PP/NBRo| FEHIZ 30/700] HEZE Az
¥t A/t BU=E AF3 pp
<} Irganox 10108 180 CollA WA <oF 487+ &%
271 %, NBR¥} Rubatan 184-RDE #7}3te] oF 3



sgagy olddel bt Fezegd e

2 FYR ¥ Al DOrE Whsgs:
= W Agee ASole 29
DVMAE ©l2] E88 3 Stk

N
=}
<
>
t

N o

2 7N BY=H

Azg BAsE stZgs (Caver 2518)% o8
st 180 TollA <F 5 #3F 7hFste] 574 12 mm
Az HEFHYE AF3AT AFLHE A|HS
ASTM-D412 T+Ad) wil AHASR7S AMskd
dog-bone ez ATk AZAHL wHeAH
7] (United Co., STM-I0E)E o]&a}e] %+&ollx] 100
mm/min®] £xeo] ZAA AAI}ATE ABLH
& ASTM D624-81F20] we}l 90° angle A|HH-L
AzsF o, Aeoa] 500 mm/mine] crosshead
speed2 S45HTE 4A1gA1S] FTHEEL ASTM
D412 4o we} WEAE7)E o]&ske] 100%
AAe 73 Foll s

=7 Jslmg Busol £8713A ALEA4E
PYrhalz] glated AR ARE A et iR
7)oM) 68 B<F 180 T, 60 rpm B-§ 7FEAIR]
s oAl SEE éfﬁé}‘—:— AL 33 wHEate] whE

Aol wE VAH B WEE AT

| Ex7imAlel EatEoS et
2 =ZEYL AR YRERIE o8l BH
AmBA=g Azse FEolN BAD Hgel

trlrt E9 90 wigls zAbsle] 1 A%E Figure

R =
SR BE RSl o 13 A% pdYd F
(Figure 1614 =4.5mino] 3]3=e AlZ)lA 7t
AE FPgozM doubAl "k F, PP NBR
S AN EAPS £ rtuAE ?Jg}ﬂ] =3
Q3 ol F7kHol AU g& EO]EV} o] %
7

Yu% BAse) $A7km 3 AAREA PlAe 9T 247

—&— Simple blend

140 4 —0— DV blend(ZDMA Ophr)
—&— DV blend(ZDMA 3phr)
—O— DV blend(ZDMA 5phr)
—a— DV blend(ZDMA 10phr)
—A— DV blend(ZDMA 12phr)
~&- DV blend(ZDMA 15phr)

Torque (N*m)

Time (min)

Figure 1. Variation of torque during dynamic vulcani-
zation as a function of mixing time.
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Figure 2. ZDMA content vs. maximum torque during
dynamic vulcanization.
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Figure 3. Rheometer cure curves of NBR cured with
DCP and ZDMA.
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Table 1. Properties of Blends.

Tensile |Elongation| Tear |Tension
sample strength | at break | strength set
(MPa) (%) (kN/m) | (%)
Simple blend 3.72 55.7 25.5 62
DV blend*
ZDMA-0 phr¥* 5.10 70.3 243 38
ZDMA-3 phr 6.58 108.9 28.0 29
ZDMA-5 phr 7.5 132.7 42.0 30
ZDMA-10 phr 8.72 2274 56.2 30
ZDMA-12 phr 7.84 157.2 50.9 29
ZDMA-15 phr 7.87 114.8 473 30

*

DV: Dynamically vulcanized blend (2 phr DCP per
100 part of rubber)
** Amount of ZDMA(phr) is based on 100 phr of NBR.
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Figure 4. ZDMA content vs. tensile strength of dyna-
mically vulcanized blends.
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Figure 5. ZDMA content vs. elongation-at-break of dy-
namically vulcanized blends.
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Figure 6. ZDMA content vs. tear strength of dynami-
cally vulcanized blends.
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Figure 7. ZDMA content vs. tension set of dynamically
vulcanized blends.
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Figure 8. Reprocessibility of dynamically vulcanized
blend.
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