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Abstract: Magneto-rheological elastomer (MRE) is a material which shows reversible and various modulus under mag-
netic field. Comparing to conventional rubber vibration isolator, MREs are able to absorb broader frequency range of vibra-
tion. These characteristic phenomena result from the orientation of magnetic particle (i.e., chain-like formation) in rubber
matrix. In this study, silicone rubber was used as a matrix of MREs. Carbonyl iron particle (CIP) was used to give magnetic
field reactive modulus of MRE. The surface of the CIP was modified with chemical reactants such as silane coupling agent
and poly(glycidyl methacrylate), to improve interfacial adhesion between matrix and CIP. The mechanical properties of
MREs were measured without the application of magnetic field. The results showed that the tensile strength was decreased
while the hardness was increased with the addition of CIP. Also, surface modification of CIP resulted in the improvement
of physical properties of MRE, but the degree of orientation of CIP became decreased. The analysis of MR effect was car-
ried out using electromagnetic equipment with various magnetic flux. As the addition of CIP and magnetic flux increased,
increment of MR effect was observed. Even though the surface modification of CIP gave positive effect on the mechanical
properties of MRE, MR effect was decreased with the surface modification of CIP due to decrease of CIP orientation.
Throughout this study, it was found that the loading amounts of CIP affected the mechanical properties of MRE, and surface
property of CIP was an important factor on MR effect of MRE.
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Figure 1. The mechanism of modulus change in MRF.
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Figure 2. The mechanism of modulus change in MRE.
A7hElR BatE MRP7E A7) e Aledael

ol 712 s AU Zo|ch. Figure 20 B4 =2 o] 2
Arslel gl MRPZH 471890 ofa) Aol ejscs
FASHE 1A UZL LRl gk MREE 2471 844 o] o]
X 7149 A717% S7hetol e} o33 o] S7hkeb At
o] w4 gk 0|2 MRES] BEF A Wake-E MRE
et §t. MRES] MRETH: MRP7} vj=2]20] 4 #7]
Ao] QI7huago] uket ol BEHHA Urehy] uo] AbgEl
2o Fwo] net 2 gebd 4 ekt B Ao
£ MREY] H{E2A5 Ae)s 7S AHg5t4ch MREY 1)
EYAR g G717} ool Gl HATT wls) A
92 DR uzka geeld MEYL FEsL W) g
MRP] o] 50| |5 02 Golste] MRENE & AR
ot e Ao 1R AR AE FEot
ong 7|4 FES F7H4717] 98 ke MRPe] E
w2 A} Astel MRPY AR el BHE MRES] 42 AT
shaa} shsict.

Experimental
1. X2
2 Ao A= MRE A2 E 3t il E2] AR polydimethyl-

siloxane (KE-931U, ShinEtsu Silicone)& AF31E 2™ poly-
dimethylsiloxane?] 7} A 2= 2,5-dimethyl-2,5-bis(tert-butyl-

peroxy)hexane(DBPMH, ShinEtsu Silicone)Z A3} th. &}
71 AAZE HH4 A AFo] 3~5 mmQl CIP(carbonyl iron
particle CC grade, BASF SE)Y& AME-3}%.2.1 10, 30, 50 vol%
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A 2= aminoA| AT #ZFA|Q] N-(2-aminoethyl)-3-amino-
propyl trimethoxy silane(LD-5603, Damipolychem Co.)& A}
&tgen guj2= A Axd FFF TS,
pH F=E5 %57 H8f oMNEARS ARSSHAH. & OHE
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Results and Discussion
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Table 1. Curing Behaviors of MRE Compounds

Compound type Ma}((rlT:,mNZg;que Muzlrl:um N«Tn?lgque (nfii.) (rgigg.) CRI

CC 10 vol% 17.3 33 1.15 2.43 1.30

CC 30 vol% 21.4 4.0 0.98 2.02 1.61

CC 50 vol% 26.7 5.8 0.43 1.57 1.47

silane 10 vol% 17.7 2.9 1.03 2.40 1.22

silane 30 vol% 21.0 3.8 0.82 2.28 1.14

silane 50 vol% 25.1 5.6 0.57 2.02 1.15

PGMA 10 vol% 18.6 33 1.82 4.57 0.61

PGMA 30 vol% 16.4 5.0 2.82 12.22 0.18

PGMA 50 vol% 60.0 17.1 1.25 11.77 0.16

17 FeuEHE ey A3 E4S t 23S 8
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gol oAl vehd e & 5 Ao BE o2 CIPE AR
BFEY 37 =A A== AS FAT 5= Aok o7t
A3} Uerd o] f= CIP9] do] 258 &2 ¢l PGMA
7F W E S o] AES A AAA B ETE =R
Ao 8 AtEE.
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2.1. QIEtEM

CIPE W 7f&s}to] ARE-3H MRES} 7} A 8}7] g2 CIPE
AHE-EF MREQ] CIP 3tfof| w2 QI =E Figure 49 Let
Wl SAAES Figure 5o UeRfith 534 MRE
(isotropic MRE)E- i-MRE 2 2 e} )31 o]*4 MRE(aniso-
tropic MRE)E a-MREZ YE] 1.

Figure 4¢f Uehdt ve} Zho] CIPS| H7t= Qs A=
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Figure 4. The tensile strength of MRE containing surface modified
CIP.
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Figure 5. The elongation at break of MRE containing surface
modified CIP.

MRE®} Q477 0|44 MRES] Q4Z4ERTHH & A
< SR 594 MRES] QA7 =7} %7 Urehdt ol
L Figure 60 UER CIP] WS om 49a 4 ot
Figure 6& 27 o4 MRES] CIP ujaf rakat Q1413



Effect of Surface Treated Magneto-responsible Particle on the Property of Magneto-rheological Elastomer Based on Silicone Rubber 117

Direction of Tensile test

o

Direction of particle orientation

Direction of hardness test

Figure 6. The effect of CIP orientation on the mechanical properties
of a-MRE.
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/d MRES] mtehilg-Eo] o'f/d MRES] Bt ZERT =
A vehd 2 F9E 4 Aok ole S 23} niRrkR]
£ Figure 622 A 4= Sirt. o]d MREQ] CIP vij3y
ol AFA A FF o] HE CIP7F L2 241 5
W/ MREXETH A17o] © 3 =7t o A sdd A
2 Atgdch

CIpe] ER/fdo] thigt FFS BA =Hd AEsHA ¥

CIPE AFE3H MREZ} CIPS WS 7)&35le] AR$ MRE
wrh o e AR E G Holk A & 4 9tk ol
oAl QU] Ao} Autel Aatolth. CIPY E9 A
2 Q13 CIPS} I S22 7ke] A2t o] FFAFE o] A
APAEE FISHAA T AW PR o] A upet Az
o] mEHATL F7hsh] TR BO] AAT Ao AR

gk AZEZ At PGMAY] d3F2 BlstH PGMAR 711d
gt CIPE AMEEE 397 st AZSEAY F¢E o *2
HARES 2ol o]gt A/t et o]f+= PGMA
2 7§43 CIPE AH83H ='W MRE AA| 9 B2 A7t A
& AZLPAZ /WA CIPE AME3F MRER T} H 5715}7]
o Zof| FetildEe] § RA vehd Aoz Helth

Table 20]l= Z MRE Z2] 100% secant R ETH A E e
Witk 7] ZE# A2 Young's BEHAY Zpol= =22 ¢
k71 2ol 100% Aol A 9] secant REZAE VWS
t}. Table 29] A3}E B i-MREQ] secant ZE& AV} a-
MRERT} B] 2 31& Hol= AL & 4= 9loH, PGMAR
7§83 MRE, A&t AZZAZ 7H&3 MRE, 7]&312] &
MRE®] =42 secant g 2| A7} 4TS & 4= Q). ol=
GO A=} FUT BFAE Hol= AHolt}. a-MRE
o] 79 e CIPY| vljgkygo] +3o]B & i-MRER
o @2 mEA g HolA Hla CIPY WS /A
7ol CIPL} A7 mj E A Afo] o] AW 2o F4H A
< o] g ¥ secant BEH AL F7HE B3l ElsTh

Table 2. Secant Modulus (100%) of MREs

Sample type 100% secant modulus (MPa)
CC i-MRE 0.17
CC a-MRE 0.11

Silane i-MRE 0.20

Silane a-MRE 0.12

PGMA i-MRE 0.25

PGMA a-MRE 0.20

Table 3. Hardness of MREs

shore A hardness i-MRE a-MRE
CC 10 vol% 25 27
CC 30 vol% 35 42
CC 50 vol% 51 56
Silane 10 vol% 31 38
Silane 30 vol% 40 46
Silane 50 vol% 56 64
PGMA 10 vol% 36 44
PGMA 30 vol% 53 59
PGMA 50 vol% 92 99
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Figure 7. The morphology of MRE containing surface modified CIP.

Table 4. Compression Set (%) of MREs
Amounts of CIP

Sample type 10 vol% 30 vol% 50 vol%
CC i-MRE 7.6 12.1 15.6
Silane i-MRE 52 10.7 14.4
PGMA i-MRE 1.5 7.4 15.4
3 MREZ} H 2 A 308 Uehii7) = Zolth B3] PGMA

2 3H CIPS 50 vol.% AHESH 49 A= 90 ooz
o> =o} Shore A AE £A 9] 34 Zto ==3lg Tt
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Oﬂﬁré—%&%& Amol &4 38 J=g wed £ 9
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ﬁEﬂEﬂ/\lﬁ% otd 4= Sl FTAFESEC 2T F
Az Aol B s|laHH A A7} At RS oulgict.
Table 40 THA 2] 810l CIP §&Fo| 2 MRES] <
TEEESES YR Ut GTUEELE ARG A9 F
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FAE Az7} o129 584 MRETHS A =38te] CIP &
of w2 gt CIpe] ERAN A w2 LS Telsigict.
Table 42 2 ¥ 3 7}A] MRE A& » % CIP §Fo] Z7}a+
42 JIYFELE0 FUleHE Aol e AL B 5
Ak, CIP &&Fo] S718HA| = CIP ol 15 2449 &
2 9 ARAES} S7181] o] o) o8 CIp mHof
A B LA AL st = o] AEeA oA uWrbe A 24
7} wolz] 7] & AIUEE L E0] 2713 Ao 2 Aled
th. CIpe} & AR 2N JTYEESE Base
g AT 4= itk ol CIPY Ewl AW <13 CIPe} 3
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Az MRE HEY REERXNE FARAAUHISM
5600, JEOL Co.)2 ARE38le] 43519 1 AA-E Figure 7
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