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Abstract: Magneto-rheological elastomers (MRESs) are smart materials in which the inherent stiffness and damping prop-
erties can be changed by the influence of an external magnetic field. The magneto-rheological (MR) effect depends on the
orientation characteristics of the dispersed magneto-responsible particles (MRPs) in the matrix. In this study, natural rubber
(NR) and ethylene propylene diene rubber (EPDM) were blended and used as a matrix of an MRE. EPDM was pre-cured
before blending with NR. The Mooney viscosity, curing characteristics, and mechanical properties were analyzed with var-
ious pre-curing conditions of EPDM and the NR/EPDM blend. The results show that excellent mechanical properties of the
NR/EPDM blend-based MRE were obtained when the pre-curing time of EPDM was 60 min. The aging property of the
NR-based MRE was improved by the introduction of pre-cured EPDM. Also, the anisotropic MRE showed a higher MR

effect than that of the isotropic MRE.

Keywords: magneto-rheological elastomer, NR/EPDM blend, precuring, aging property, MR effect

Introduction

47 P T 3k A5 ARE et} 41717
S8 AFE R Bl FaA717] 9]

e gg wagm glow 4 )
Ael ok 2 AE A=Y FA
o] 8ok, ol RTek el A WATR Tt &
TE IR 0= Gol o] ol Gk PR 22
A7t A8 o2 EEL o AP, 273
o} 5o G2 AUES 875 42 71A % FASo|
A =3 9l7] wRolch. 53] W7l ABEL A, A%, F
AAE 59 AN BEET G A ol9olE WA
., 2014 7137149 AF AolgA L 2 FAg)
NHE Faxol B H2kHw ek, A2 Mo 4EH
A} 1705018 BA 02 Aol AEL SEHOE Rofs
of 2EAHTT SRS FA FHAIE 7122 A A
2oz 2o Ao A4 Fas s8] Holzka glek. 3
B 7129 AT AR D49 BEYLE 7T g0
4 goo) Zue A5 4o A7 glol 54

Q1 AF Aot ol BEE AU Yt

n
Ho

‘
™

-

ol

&ﬂmw

Corresponding author E-mail: khchung@suwon.ac.kr

B AT 7|2 W R SAS AN skl 4
5 A=) 2l Fha SEANT e AL g A
(magneto-rheological elastomer, MRE)o]| &3t A& 2345}
gt MREZE ®A ojEg@Xo]  27]-8E <A} (magnetic
responsible particle, MRP)E 738t Z}7]% o] 28t 73A] o]
Jfeizol s 57bH 0 2 AstEle Azolth AU E AHE
Sk A7l 4 BAL 2] Fejo] maba A7)
A (magneto-rheological fluid, MRF)2} MREZ FEET}.
Figure 19 Lebil uhol o] MRF: #7412 749 v=2)
2 ol A7 AR BAtE o] oA Zp7)7ge] Q17tE
& W A7 A7) B2 A7 SE AR ui @ E o 7}
A2 Ql BE2o Hep) 7hsdt Aot SHARE MRF=
A7)-sR ARt A4 W E A Ato] o] MEAR QI3 A7)
AR F Aol E= A ] )k oloh @8] MRE:= &
4 EZE Yol A7 SH AR A E o] 1 H EH = A
2E7] wf&e MRFS @& 2o 4= ok’ ol
MRE= 9ol A 712l = 717l &l 73/d o] 7+ 2ol
Ao REHAE 273 0 2 WA 7)== Aol 715351, 9]
5o A7)%o] I7bE ™ M ER A Wi 27| SE AR A

717o] ¢17}E Higko 7 ARE Ao S8 AEE FASHA H
o o]2fet Ak S LE7E AR AYEFE e AU F
of tis) M@ste Aol 71 wAYFolch?

olm| & Sl A1 A717t Skl whEt o

o ars
£ 35eo] F7RITHE AL WAL A71% 9



68 Bokgyun Na and Kyungho Chung / Elastomers and Composites Vol. 53, No. 2, pp. 67-74 (June 2018)

Without Magnetic Field

Figure 1. Orientation mechanism of MRPs in MRF.

Zholl oigt MREQ] REZA W32 MR A I (magneto-
rheological effect)g} 3tc}. o]# 3t MR A3}= AFR-E= ojE
g0 FRo wgt A EEbd 5 Utk & dAtolA = 7]
Zof AF-E Y NRA MREQ} EPDMA] MRES] EdH=E &
stof A 29| S HestHA MR a3 F4AIE o 3
= ol g A1 Iyt

2 Aol A MRE A2 & 9|3t Wi E] A2 NRy} EPDM<
EHE sh= WS AR 712222 NRS 294 &
dol S5t 7 SHoA = Stk AEE Ad A
Folt}. AT NR mlEZA o] Ex3l Fdoe=w Qls|
g, A2, 0F T YE A & =49 FHorstth:s 2ES
Zh=th. o] 2|3t NRE| 32 A5k @32 2ekstr] fsf
ARE-E A 271 EPDMo]th. EPDMS] A2 YgA], W EA,
Wik, 4 5 =3k A3/de] Holu 7He3t &7 oA
A7 ASEE Az B4 S50 BA0] L <
AA o] AAL =t} 185t EPDME &, AlA, 0 & =
NRO| AL Bl 4= 9l Y2 AHd Qo) T 229]
AT AR S HAT S o] G 4L BRI A2
20 YRS Aelr] As) ALE Hlol A A} v gR
o o AA|Ho]7] Wgoltt. ¥ detruvie BUEE g
4ol 47 7124 W4 127 NRe] B S Beksl] 9
Folok. HAu Gad SALE AL ol 2 AekaE
w7} e 7129 BRT 0dlg %o J|AH B4 e
3 4= 9o} o]2fgt @42 NR¥} EPDM Z+2}He] B33t J &=
of 49| Aol = Qs HIpE7 DA Aol Hol
A7) zolth i EG AT Bt Hr o 2ozt A A4
Ao g Ex3 43| 22 EPDMY vjgtEe] 234 7
SHA7F NR2] vigHE R Hol=E dAo] dAE = ek
2 A79 582 ddjFoer A& =rF =¥ EPDME A
733 AIXl & NRY}F EHE fro= Ag/do] £ NR/
EPDM £ EE A|£3}o] o] 5 MRES| WjEZ AR o]-85}1L
AL gro|tt. wEhA] &2 Aol A= NRI} EPDMe] E-E H]
£, EPDM 73} £ 9 A7F Sof ujek MRES A28}
ol59 EA2 2ABHALt

Applied

Magnetic field

With Magnetic Field

Experimental
1. X2

2 A olAd= MRES A2E 93t WjlEg A2 EPDM
(Keltan KEP-960N(F), (3)23Z2]#)7} NR (STR 5L, PAN
STAR)Z A3}t EZA= 7S (N330, Aditya Birla
Chemicals)& ARESIATH A7l SE A== Bt 270]
3~5 um<l CIP (carbonyl iron particle, CC grade, BASF SE)
£ AREsHTh A A" FE5S Yol AR A7l =
5= Puyung Willing ChemicalA}o]| A G148t zinc oxide (ZnO),
stearic acid (SA), N-cyclohexyl-2-benzothiazyl sulfonamide
(CZ), dibenzothiazyl disulfide (DM)2 ARE-3}%tt.

2. DREHE W JtmEN

I uighE open two roll-millE ARE3le] R Y3} Th.

NR EPDM
3 min mastication 3 min
CB
8 min 8 min
CIP
8 min 8 min
SA, ZnO,
Cz,S,DM
6 min Precuring 6 min
process

NR/EPDM = 50/50, 70/30 (weight ratio)

Masterbatch|Blend 10 min

Figure 2. Compounding procedure for NR/EPDM blend.
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Figure 3. Magnetic field induced equipment for fabrication of a-
MRE.
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Table 1. Curing Behaviors of MRE Compounds (NR/EPDM=5:5)

Compound Moonf:y Maximum Minimum

type V150051tyo torque torque

[ML1+4(100°C)] (dN.m) (dN.m)
NR 31 325 44
NEO 35 41.9 7.5
NEI15 38 30.0 2.0
NE30 40 31.2 22
NE45 43 32.1 2.0
NE60 50 329 1.0
NE75 55 34.8 22
NE90 60 35.8 3.1
EPDM 83 36.9 3.1

Table 2. Curing Behaviors of MRE Compounds (NR/EPDM=7:3)

Compound Moonf:y Maximum Minimum

type V150051ty0 torque torque

[ML1+4(100°C)] (dN.m) (dN.m)
NR 31 325 4.4
NEO 32 41.9 4.6
NEI15 32 26.8 42
NE30 35 27.8 5.5
NE45 38 28.4 5.7
NE60 40 29.8 4.5
NE75 43 32.0 4.0
NE90 50 33.0 4.1
EPDM 83 36.9 3.1
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Figure 4. Effect of precuring of EPDM on the tensile strength of
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Direction of hardness test

Direction of tensile test

Direction of particle orientation

Figure 6. Relationship between CIP orientation and test direction.

Figure 7. Morphology of a-MRE containing 60 min precured
EPDM (Intensity of magnetic field: (a) 1758 mT, (b) 1920 mT, (c)
1980 mT).
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Table 3. Hardness of MRE Containing Various Precured EPDMs

Shore A hardness -MRE aMRE

5:5 7:3 5:5 7:3

NR 52 58
NEO 56 58 59 61
NEI15 56 57 59 60
NE30 57 57 61 61
NE45 57 55 61 61
NE60 58 56 62 61
NE75 58 55 62 62
NE90 61 57 63 62

EPDM 55 61
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Figure 8. Change of tensile strength of i-MRE with aging time
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