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Abstract: In this study, the effect of petroleum resin on the mechanical strength, morphology, and vibration damping char-
acteristics of natural rubber (NR) composites was observed. The NR composites plasticized by adding petroleum resin
showed decreased hardness and mechanical properties. A morphology analysis indicated that as the amount of petroleum
resin increased, carbon black aggregates (or agglomerates) observed at the fracture surface decreased, resulting in an
improvement in the dispersibility. In addition, as 20 phr of petroleum resin was added, the effective damping temperature
range increased by approximately 11.4%, the hysteresis loss rate increased by 15.2%, and the resilience decreased by 36.6%.
Therefore, it was confirmed that the vibration damping characteristics improved with the addition of petroleum resin. This
was because the rubber—filler interaction between the NR molecular chain of the NR composite and the carbon black par-

ticles improved by the addition of petroleum resin.

Keywords: natural rubber composites, petroleum resin, vibration damping characteristics, hysteresis loss, rubber-filler

interaction

Introduction

IR = t)EF Q] HEetA(viscoelasticity) 2|2, AL, A5,
g 9] oUA| FAde] Holu A=, 3wk, 714, A-sAt
Y A Adtol A A FEez AREn g W
AR, A58 A 41 52 T4 FTTLEN GH FH
7F 7Fsste] 22 A4, AAAAE 5 AR o4t HE o
F87F S7k6kaL Sl FAloIth RS 11F= NR, SBR,
NBR 53} 22 317 7|4 (rubber)e} 7HE2 58, A2)7l2 ti&
&= A (filler) R 2HE 5735 F-osk= A7 (additives)
o2 FAE 18 E3Ajelct 4] A Fed M2t
Foja=R (tackifiery= 2RA B AA 2|9} H=A|, 474
o 22 Y FAAR Usm 5 e, d2oAs T 7
Aete] HAE S SR, LA = 7HaA 98 st
Eog 4EA ok’ 1R 7| FHAR dEEE 2
5 239 7k 4 8 4252 A5 A (interaction) 3} 31O
™, 1) 315 ZH(rubber-rubber), 2) S A| Zt(filler—filler), 3) 1L
TS AA| ZH(rubberfiller) F &40 2 £/ 4 Ut 1L
B 2AAEe FAT17] HeliAe 2 Z1Ael &
A JAE A2A REAA LF-FA] 7 FEa-g i
o] Yasjct t BAMY EFo 2 uktel FXA Ztzto] 33
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AE FAAY 7S 23 Z(stress concentration)o]| TrAY5}o]
G (crack)o] WAEEE B7FAo] A3tETE I BA)
of 50| A-&5HH Lol Aot MBI thFet HE AA
of WAEh). o W A AL NELAHe L Fo), 7
o 23} A1&T $74) 7he) U ohakintemal friction)s o]
2 (hysteresis) @AFo] 7] Q1FITh, TR B} Aks F24] A
o]of|li= vl 2=k A (van der Waals) 9127} Z+2 Aglo| L1 x| 7}
Zhgsta glon, i B o] & 2Hst= k50| 2
g ¢ 8 B2 AR SA YRSl vy A uhE
= deitt o] ff FZA Y o] F2F WH upE 4
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wgo] wlel BolH RETT wEhy LR AT
HES 2 T oA AR SR ATl Be)d Salehs
o|HBY, 5 5|2 @A Ahysteresis) . 15 B 215

4 SA4L Wn 4 . S-UYE THo 24 7}
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W 4 Qloh ol TR Bk iRo] 2 2 g o
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ok njeby s|aEeiA A 2HE A S
Hyskd o 712 4 WRBE AAtollA sHE-AlsHY vEEI
Aol Wasich Eg 1% B3] AETY 5L 52 7]
A% EA(Dynamic mechanical analysis, DMA)S. 2 &= 12X
o] 71531, £AEHA E(loss tangent, tandy= £4 SHAE
(E", loss modulus)@} #]%} €t E(E', storage modulus)@] H|-&
2 o) A H ASS Uehht sebuleolt, &g
E 30| 43 7h4) S40] $45131, 03014 tand > 03)3]
2= HOE §8 72 &= H ¢ (effective damping temperature
range)2} 3, o] Wl WFzafzt antA oz dojdrt
T GHA QS B Ao e A5eR7F NR B &
A MEHH EQT ARE EAof| vA]= FFE s|2H
SN2 &4 B4, B4 1A B4, RERA) L A 7

=
= 242 Esjo] vl BAsian.
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Experimental
1. &8 2=

Matrix2 AFE-E NR (Natural rubber)2 SVR (Standard
vietnamese rubber) 102 AFESIE, FAA|Z= 7EEY
N2202 AFE3R T A8 4=X]= Kolon Industries@] Hikotack
P-90(H|F: 1.07, A3H: 98°Cy ARE-3FATE. oA AFSPEA]
A RD (2,2,4-trimethyl-1,2-dihydroquinoline)?} 3C (N-isopropyl-
N-phenyl-p-phenylenediamine)& A3} 1L, aromaticA 2
A& Y A2E ARSI 7FaA|2EHlS conventional
vulcanization (CV) A|AES 223514 0™, SH(sulfur)a} A=
olulo] = (sulfenamide) A€ 2] &Z1A|21 CBS (cyclohexyl-2-
benzole sulfonamide)E ALt T 7F A A= zine oxide

(Zn0)%} stearic acidES ARE-SHET).

2. by

1]

A Ho2E M=

NR 24 B3R+ tangential rotor2 G- % 3.0L kneader
(Moriyamaiit, Japan)@} 8-inch open roll mill(Z337]4], Korea)&
AR5l = TA|o] Z2# CMB (Carbon black masterbatch)2}
FMB (Final master batch)E A| 23} t}. 1dA oA+ NR &
A B3R £ fill factor: 0.85, rotor speed: 25 rpme] 7}&2Z2A
2 Hg3ho] kneadero Al A ZTH. NRS 12 Sk £3A]
A 7taXdE BAst & A 7HA|(Zn0, Stearic acid, AF3}HEFA]
e Elste] 302 wjEHe F sHEEAT} T2AA AL
58] Upiro] E4¢5te] CMBE A|Z54t}. 2641 open roll
mille AHEate] CMB9} 7hA] @ 2714 (Sulfur, CBS)E &
gsto] FMBE Azt o, 24 Al BAs= Qo o3t &
FAE HA5H7] Yol 102 ol £ LR 2 A+
of| A A| 23 NR §Hd E3HA| 9] 2/d< Table 19]] e )it A

Table 1. Formulation of the NR Compounds according to Petroleum
Resin Content

VDR-1 VDR-2 VDR-3 VDR-4
NR 100 100 100 100
Zinc oxide 5 5 5 5
Stearic acid 1 1 1 1
Carbon black 70 70 70 70
Aromatic oil 5 5 5 5
Petroleum resin 0 10 15 20
Anti oxidants 6 6
Sulfur 2 2
CBS 1 1 1 1
Total 190 200 205 210

8 237] H7} @ FeFo] NR/ZFEES NR ey B3 0| n] %]
= TS W) st HRAE 42 0~20 phr ¥
Zsto] H7I5H9 L, VDR-1~42 #7|5t9] B715Hict.

w
n>

=l
3.1. 7134 (Processability) 241

Az7t ¢2¥ NR &4 EFA 9 754 mooney
viscometer (DMV-200C, 74 A d, Korea)E o]-&35}t4 100°C
oA AlHZ 187 dlgstar 427 AR & H=A o et
b EIFML LS SA5HAT

3.2. 7F&EA(Cure characteristics) £

NR g4 B3] 9] 7}3HEA)-S moving die rheometer (JIS
K63002-2, Nichigo shoji Co., Ltd, Korea)s ©]-&35lo] &&=
160°C AL 2 2087t A|H o 7}8 X+ torque, scorch time
(o) 2 HA7FATHO)E ZH5HATE

3.3. 7|AI® EM(Mechanical properties) &1

&0l == KS M 65189 A3t} 2 mmA e 7742 3
B AE FH 713E 3 235t 6 mm o4} T Al
AHS AlZsteh AY F2uE F=AE AREsto] AldH
9ol g YA oA 53] H=E S FH/HagE Al
Qe Bt o = FIgTh JAFAIHL KS M 65180f 9]A
sto] AEFH O] 71E2 oFFd (dumb-bell) 2] A|H(H
YPREO) LH]: 5 mm, FPRE Y] Zo]: 20 mm, FPFE]
FA: 2 mm, =7 AFo]e] A: 20 mm)SE2 A&stal, vhE
A& 7] (Universal testing machine, model : Instron 3345,
Instronjil, USA)E 0]&3}o] Aol A 500 mm/ming] £ =2
BEYL, QPP A AFES 2RRAT JTAEES
& AId FA] KS M 65180 2 Ak F7(12.70£0.13)mm, A|
29} 29.0mme] 97)53 ABL Av0|HE AFgale] AW
FA 9 25%F ST F 70°Co|A 22417t EA 28ttt &
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A7 B Al HE Bk= SR oA Ao} 3027 A&
o AT F ok AL ol gdte] TG
Compression set(%) :E(’:—t—lx 100
to—t,
to: AI@HE LFA|(mm)
t: FSAA A AR 302 F AlFH 77 (mm)
ty: 280] A 2] FA|(mm)

ol w) 2} 7] @] thatol Al shglom AN 2
Zhe] Z4ghe Hop A2 AR BRgho 2 BAshr,

3.4. PEZX|(Morphology) £

NR A E3Rje] 2 EZZX]= FE-SEM (field emission
scanning electron microscope, JEOLIit, JISM-6701F)& o|-&3}
of EASHATH AIFHE HA| D04 FES| YA &
&Moo BIAA Pojxl THES gold coatingdt T T
gt

3.5. S8 7|AI™ EAM(Dynamic mechanical analysis)
EA 7|48 EAHL KS M 6721-16] Z38}e], DMA Q 800
(TA Instruments, USA)S AF8-3}o] =414 Strain-sweep
A2 HEPE(strain) 0.1%~10%, F3=(frequency) 10 Hz,
AL AR &H3)% A, frequency-sweep AP Fabe
0.1~100 Hz, HE & 1%, A}-2 2740 2 =43} ). Temperature-
sweep Al -2 —80~100°C(3°C/min)2] &%= HE, HIE 0.1%,
ZFubss 10HzS) 2 A0 2 2A35}9 Tt 3714 A]E 25 tension
mode®] 2N ALY E, EATHE, SATHEE 57
3] NR &HA E3HA 2] kA (viscoelastic properties) 43S

uli 9 2

3.6. S|AHIZ|A|A &4 (Hysteresis loss) £§d

217 30 mm, o] ¢F 12.5 mme] Y75 FEHY A|HS &
H]3}e] TH5A] " 7] (Universal testing machine, model: DUT-
S00CM, B MAY o] &, Korea)5 AR&-sto] S35k A
294 Smm/min2] &%= 2 Mullins effectES 1185l S3-H
FEo| S 7R AlH FA 50%(¢F 6.25 mm)yE S
3] vhE SAsi4nt

3.7. HHLELM(Resilience) £41
NR &4 E3Ae] shihegd & KS M ISO 46629 Ef 4

Table 2. Mooney Viscosity of the NR Compounds according to
Petroleum Resin Content

VDR-1 VDR-2  VDR-3  VDR-4

Mooney viscosity

MLy (100°C) 79.7 73.0 67.4 54.8

"] €] (tripsometer) BFH 0.2 X& 2F 45 mmo| L, F4|7} 2 mm
o Yk 3 3 A H e 7 Z45%Ih Mullins effects
meste] A1@ ] 38] o|4fe] 32 7ok, 381e) WA

o2 um % BASHEE

Results and Discussion

1. 7124

£ Aol A Az FMB FHaot-E=2] 100°C F+4 (Mooney)
A= &4 AYE Table 20] YeERfITH FUHEE 44
A 9] gteo] F7d4E Tradh= o] TR A4
27} H7HE)A] & VDR-19] RUAEL 79.7MU0|H, A
92227} 20phr A7}E VDR-4:= 54 8MUE U E7} oF
31.2% ZrA3t ). ol Ak o] 100°C osto|at, Bajafo]
F 1,200 g/mol2 A B A-=2]o] 23t NR BHA &35t
Ae] 7tastz Q5] NR B4 EgA|9] 734 9 7HEE
o] Fabgo| FAE7 QEOR ALRHL}

N
N
Ofor

£4

AfreAl ol W NR 2 53 9] 7154 24 2
IS Figure 13} Table 3o YR T A32] 9] H7Fgol
S7Feol wEt 1) Atorque 4, 2) 23X AZE F7F, 2|3
3) A7 S7F B S e A A 7E d 7
2] ¢FS VDR-19] Atorque, 2| X7k, 18] 3 2 7}8HAI7F
& zbzk 1281, 1.94%, 28] 3 3.7558 0.2 Yehyith. wh A
S4A)7} 20phr 715 VDR-49] Atorque, 2~F X A|7F, 18]
T HH7FEAZES 242} 0.839, 2,165, 121 398202 1}
Ehtth. o] 23t AfA] A7kl uhe Tt s, AFA|A]
7t 9 HA7REE AR ke AR A iR 7 7k
U 7heE A QRS SR @ (covering effect)ol] 27t

VDR-1(Ref.)
20r — — — —  VDR-2(10phr)
VDR-3(15phr)
VDR-4(20phr)

Torque [N.m]

0.0

0 é 1.0 1‘5 20
Time [min]

Figure 1. Cure characteristics of the NR compounds according

to petroleum resin content.
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Table 3. Cure Charateristics of the NR Compounds according to
Petroleum Resin Content

VDR-1  VDR-2  VDR-3  VDR4

M. (N.m) 0216 0.188 0.158 0.128
My (N.m) 1.497 1.281 1.093 0.967
ATorque (N.m)  1.281 1.093 0.935 0.839
tio (min) 1.94 1.91 2.10 2.16
to (min) 3.75 3.71 3.95 3.98

Table 4. Mechanical Properties of the NR Compounds according
to Petroleum Resin Content

VDR-1 VDR-2 VDR-3 VDR-4

Hardness [Shore A] 74 73 68 65
Tensile strength [kgf/cm?] 240 236 230 228
Elongation [%)] 450 530 540 570
Modulus at 100% [kgf/em?] 38 29 25 22
Modulus at 300% [kgf/cm?] 165 132 120 100
Compression set [%)] 30 32 34 40

B Ad fEd AL

3. 714 Z=

AR gl WE 7148 = 57 AT Table 49
el o, NR &4 B3HA 9] stress—strain curve®} J+
YHELEL Figure 29} Figure 3] 2H2F L odch. 419
A9 o] F7hetel weh, A=, 100% QI ZET S,
300% QA BEA 22T AAHEE AaSHE AR
SISl ol Wojel 383 ITAZEERE So100
A%E e gich. Ag277} w87k VDR-13} v] mstod

44 9222]7} 20phr H7FE VDR-4= A7} 12.2% ZHado]
w2}, 100% QA1 REB A OF 42.1%, A7 = oF 5.0% 7+
2P, FTASFE 0] oF 33.3% F7ste] 71A1 4

VDR-1(Ref.)

VDR-2(10phr)

VDR-3(15phr) 1
e

250 — — —

VDR-4(20phr)

Stress [kgflcm?]

0 100 200 300 400 500 600
Strain [%]

Figure 2. Stress-strain curves of the NR compounds according

to petroleum resin content.

50

30
20
10 |
0

VDR-1 VDR-2 VDR-3 VDR-4

Compression set [%]

Figure 3. Compression set of the NR compounds according to
petroleum resin content.

A7} DAY W, A
Moz Mesn W7k Al WP B A 7 7P (stiffness)o]
A SHE 2L A/ (softness)o] F71oh= A2 UEhyth o] =
2ol JhaA) GBS SH At 1 Aukese) A
2 W52 A=stel 2 THRAS Seicovering effect) T
BERAET) 7RSS 7ke) A AFR-Al(interfacial compatibility)
2 }H3HA]EE, NR T o] green strength} 231 422221
HgeA] Fego] Z7Fatol mheh NR Y Rae] ehol Ajst
=] dgel Ao Arar

&2 9F 26.7% S7Fsto], A3}

4. A A2 Ha}

M%) 0] T NR B B BEZAE 2A
2 238 Figure 401 Uehiglet. 54547 A7HA ek
VDR-1(Figure 4(a)e] 7% 7H28e uj2ako] o5t 27
25 um ©]A+9] &-F A| (aggregate or agglomerate)”} T4 32
S}, HepAl7t SSESE sfekrol PR L SR
A7} AT ol T BAS AARASA I} 1T B
A AR YA FER 2 Sl

= 0]—31(v1scous effect), X A= 74<&SH(encapsulated)
2 RS FFREE 7he] R84 (wetting)
e ?ﬂ'ﬁ (mbber-ﬁller interaction) 3FA}o]| 23t BEAMA] Al
o= ARELI ueby Hapa A7t 2 EFo] 1B B
AT TR Ahe] AT AMEE R A A R
7F Sl Aoz ddET, o3t Aik= NR & H3A ¢
FUHE Asels AAshct.

5. MQAX| S0l HE ISUM S o

oo

51. 38 7|AI™ EM 2M(Dynamic mechanical analysis)
NR 54 B37) o] ¥y o] uh2 DMA 24 A2 Figure
50 FeR @iTh. Figure 5(a)oll Al AR A 5= ¥

oE“S‘]’
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Figure 4. Morphology of the NR compounds according to petroleum resin content.

L AfeA] o Siioll e skl ol 1) HEEC]
S7HESE F4 230] 7HEEiA NR &4 S 9] 352
o] AstE L, 2) E21F 7IAAR Agshe HReAT SF
ol w2k NR & 539 7kasp7} 7hE of A e/
F7F sk AR Atmd. B3 Figure 5(b)9] &4 A
F GA HfAl ol S7IstaL, igEe] S7HRl wet
Hashe S HEITh 53], MFE 1% o)4de]
FE GHolA A Fadhs AFS UEHEL, HFEE 1%
ngke] AWFE FHolA e R FAES YERIT o
FEo| IA TS AF, AR A7k mE S|l
A AsAH7E 2A S W2 AR Atmd
A 229 Y vhE = 4 (damping) 5/ HHERY
st2tn| g F shel tandi= Figure 5(c)ell A vrehd vkl 2
o] Mg Eo| F7Ietel whet sk, AR gFol 7t
ol wek S7tete B HER T A-FA1E 20phr 3
7ket VDR-42 tandna 7k oF 0452, 44215 H7I5HA &
2 VDR-19] 0.37 8] ¢ 21.6% F7I8HATh. ol= AF4]
H7EE lste] whE M o] tig xF A4 540 FdE A
o2 xAzErh

AfeA] ol W2 NR B4 BFR Q) Fupgo] ©hE
DMA £4] Z3}& Figure 60] UERH AT}, Figure 6(a)o 4] #]
AT Foa 37 L AReA SFl wheh gast
+ BEE YEHSAT o= 94 AE7 Figure 5(2)9] MY
Eoll 2 24 Aot fARSH TEE T Figure 6(b)2] &
A AF A HieA @l STk, Fukert S

E

ar koo
A

wpe} ghashe A Uerglch. Fohde] e A4S
50 Hz mlghe) AFahs Gelol i e Fags thehy
GO}, 50 Hz 0|49 nFTHS Gol AT AFo| B
Aex) 4e wE 2 Zom WS ot Fudvl
50Hz o402 A7) 37K A%, BF A Auwt 2 v
71l del WEE Yolut DRAL Yo Ao ARET
whebd Fabgo] T2 wndE Lk Figure 6(c)oll 4] 50 Hz
olel A B4 Aol WolA A sk, 50 Hz m]gt
oA HILT A HeaA Fapo] F7Htel wet tand
= 27 A2 vehhddth. ok A4 Hrts s
of wrE wgo] et A% AH SHo] F/E Ao AR
e, Wy gl et $54 B4 5UT A7E ey
o olge] ZWE HiFORE G 44 L5 WIS Bk
93] £=o] THE DMA $42 WAL, 1 232 Figure
7ol Rl 24 20 BA A AU 2L 349
E4 Bolrh TEEIA) Fs W91 WA 0.1%, 34 10H
2 HAgstel 245t

Figure 7(2)2) A3EH4 A%} Figure 7(b)9] £AAS 85
=7t F71el uet gasks A% tehygih olHg
AT LR} Eol A4S NR B B3 FHLLEY &
54 (mobility) F712 Qg Y= Zhe] 7] QT AOR A2
ek, Table 514 49428 20phr B7Fg VDR4] 87
HLEMATYE 04°C2, H94AE B $e
VDR-1 ] AT7} oF 11.4% 7= Qict. HHH, tand gk
o A gasigid ol 494A7t S e sha
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100

VDR-1(Ref.)

VDR-2(10phr)
VDR-3(15phr)
VDR-4(20phr)

Storage modulus [MPa]
>

0.1 1 10

Strain [%]
(a)
10 - —————  VDR-1(Ref))
— — — VDR-2(10phr)
—— ——  VDR-3(15phr)
. .+ VDR-4(15phr)
‘T
o
=
(72}
=}
=]
o
o
£
[}
(72}
o
)
s
0.1 1 10
Strain [%]
————  VDR-1(Ref.)
05| — — — —  VDR-2(10phr)
-_——— = VDR-3(15phr)
VDR-4(20phr)
04
2
s o3r
02|
0.1 |

(o] 2 4 6 8 10 12
Strain [%]

()

Figure 5. Strain sweep of (a) G, (b) G* and (c) tans at 10Hz and
at RT.

3t autE AR HTE 220 2 tande] WEE Figure 7(c)
o] et }lct. Figure 7(a)oll Al NR &4 S 9] A2
£ 34 P47t DAL 259} Figure TOAA 484
7] 2] wek s Hoigrol YAHE LE7} oF S0°CE
FrAFSHA e, o] oA NR B/ H3HA 9] 4 (phase)
o WelT YL & 4 Atk YebH o TR} BL By
& 1 EXO] nlo| 3 ZH e 25 (microbrownian motion)©|
AR E = 225 FEd o= (Ty)=haL 31, o] off o 7] &
AEo| 7H Aok mebA] Figure 7(c)2] tand Z|tigkoll Al NR
Shy Bge] G2 ROl LESL BT D, 45547} SokE

30

VDR-1(Ref.)
VDR-2(10phr)
VDR-3(15phr)

25 -——— -
RN VDR-4(20phr)

15 -

10

Storage modulus [MPa]

o] 20 40 60 80 100
Frequency [Hz]

(@)

VDR-1(Ref.)
VDR-2(10phr)
VDR-3(15phr)
VDR-4(20phr)

Loss modulus [MPa]

Frequency [HZz]

(b)

0.8

VDR-1(Ref.)
VDR-2(10phr)
06 —_——— - VDR-3(15phr)

[ERERRRRERRRRIRY VDR-4(20phr)

tand

o] 20 40 60 80 100
Frequency [Hz]
()

Figure 6. Frequency sweep of (a) G, (b) G* and (c) tand at 1%
strain and at RT.

W

& golHoleml ket A gZAsk NR By B
A W TE BAp AL SHEE 45 B8 (wetting)
2 Hojsto 2 4 Ag}HE (rubber-filler interaction)S FFAMA| 7]
AR AREY, o= A BREEX] B4 Aato|A AHF4
A 7} Al NR &g B34 9] Al A-8/do] &=l 2t
o= gARsHE.

5.2. S|AHIZ|A|A £&l(hysteresis loss) %! HILFERM
(resilience) EM &M

3| AH B A A €A (hysteresis loss) 53] 274 ZA#}= Figure
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10000

VDR-1(Ref.)
VDR-2(10phr)
VDR-3(15phr)
" Sl VDR-4(20phr)

1000

100

Storage modulus[MPa]

-80 -60 -40 -20 0 20 40 60 80 100
Temp.[°C]
(a)

10000

VDR-1(Ref.)
VDR-2(10phr)
VDR-3(15phr)
1000 - G VDR-4(20phr)

Loss modulus[MPa]

, . \ \ , , . ,
-80 -60 -40 -20 0 20 40 60 80 100
Temp.[°C]

(b)

0.8

VDR-1(Ref.)
VDR-2(10phr)
VDR-3(15phr)
A \‘ “““““““““ VDR-4(20phr)

07| _———

Tan delta

-80 —(;0 -A;O —2‘0 ll) 2‘0 4‘0 6‘0 8‘0 100
Temp.[°C]
()
Figure 7. Temperature sweep of (a) G', (b) G" and (c) tans at
0.1% strain and at 10 Hz.

8ol YR AL, S| AH B A A &A1& 9hEE (resilience)
74 A3 Table 60 YeEFH T 3| AHZ AL £AES
Figure 8(a)2] 5-2-H3E FAlo|A 315 (loading) IA13} A
Sl(unloading) F419] Zfolof| A == HH R ST 4=
At A{eA7F H7bEA] ¢k VDR-13F 20phr H7HE

Table 6. Hysteresis Loss and Resilience of the NR Compounds
according to Petroleum Resin Content

VDR-1 VDR-2 VDR-3 VDR-4
Hysteresis loss [%] 52.1 52.8 58.8 60.0
Resilience [%] 41 39 28 26
60
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Figure 8. (a) Hysteresis loss curve and (b) amount of hysteresis
loss of the NR compounds according to petroleum resin content.

VDR-49] 3| AH| B A2 £A4EL2 52.1% A 60.0%=, 15.2%
271819 a1, vhdErAd-2 VDR-19] 41%, VDR-47} 26%0]| 2
2 9F 36.6% AT ol= HA FAZIAR E4 EA4
Al ATt ukel o], A{4A]Y] FFLE NR B E3HA
9] A3} (rubber-filler interaction)o] 3FAFE o] AA A2 HEY
AEol S71%t Aatoln, FHH e A= NR &4 E3H4
ol 42 54 9 HEHERE A5 5o A=
Aoz AR} ool B4 71AH 54, sl2EjE A &
A5 9 vhieky B4 A8 F9) NR S 2gR)] A
E2H8) B4 w@e AT, A55A7h LR et f

Table 5. The Effective Damping Temperature Range and Peak Position of the NR Compounds according to Petroleum Resin Content

at 10 Hz and at 0.1% Strain

VDR-1 VDR-2 VDR-3 VDR-4
Effective damping Temp. (°C) -60.5~-34.1 -58.7~-30.3 -57.7~-28.5 -56.7~-27.3
(AT (Tand > 0.3)) (26.4°C) (28.4°C) (29.2°C) (29.4°C)
Peak position (Tg, Tandmax) (-51.8°C, 0.71) (-50.1°C, 0.71) (-48.5°C, 0.69) (-47.9°C, 0.62)
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ZHa) L=H9(tand>0.3)7} WolA 1, s|AH A A £48
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Conclusions
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UHE 9 7FE % (Aorque) 2] T 7|AE o] Zhashs
A Uty

NR Y B3He] RERA) 24 23k, 45447} 5
of wat otHoA TEEE= FHEEY S A (aggregate or
agglomerate)7} 7+4~3}o] A AF&A(interfacial compatibility)
9 Aol = U

574 7127 B4 B4 23}, H$4707) 20phr BoHEo] o
o} AvpEo R WBo| AL =9 (effective damping
temperature, AT = tand > 0.3)7} ©F 11.4% =73} 3L, 3| 2H|
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