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ABSTRACT

The purpose for this study is to examine the vulcanization characteristics, especially the damping, elastic
modulus and viscous modulus properties of filler 50 phr filled NR compounds and to find out the compounds

which can be used as damping materials in industry.
For this study, compounds were prepared with filler filled compounding formula. Their vulcanization charac-
teristics, elastic modulus, viscous modulus and damping properties were examined by mean of the rheometrics

dynamic spectrometer.
The results of this study can be summarized as follows.
1. The elastic modulus values of the maxium under the condition of 1Hz frequency, showed the order

as follows, HAF>Silica>FEF>GPF>SRF>Clay>CaCO; coated>CaCOs;.
2. The damping values of the maxium under the condition of 1Hz frequency, showed the order as follows

Silica>HAF>FEF>GPF>SRF>Clay>CaCO, coated>CaCO;.
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g Al A & Ao] wol o]dll FAg HEE A&stn
o} 1D

e LBREC R ME o JfEe] AY=n
WER HES Bl dojun IEeRs Rtk
A2 A+ Mooney viscometer, rheometer $-&
MRste] Mkt 5, TR, 23248, &
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FIEg 2 9Je}.?
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Table 1. Properties of carbon black

BEENE o duAg die FAHAE yeiR
Ay 924 wEHd, o2l BHEL hystere-
sisol] J3t AL2A 7|AHQ AUA7} BE EE
Bgolr &2 @i BN JYAE damping
feol Hpighe, 50

R B& BATHRL ol Kl His FIF
sto] EEA PriRbE BEMRE =R 9o
En TR AU 9le damping Btk o} E
B, Kk HRdAe SELERS Ked BaY
o] METEAA BvkttS RHTSEN damping
MEEA HET RS Aed AR ¢ ds
ot ope} Ktk BMLE KT EHN il
SRS fFETRS gEsted FRY & A

A RN RRLF EAR A slopesd,
A7}, e, EHAEE bR, 24l §
S &% BE KAT Ak #3t rheometrics dy-
namic spectrometers FIfsled FEE 1Hz, BE
145C o A] frgiesidloll @2 Bkt 5, ¢ modu-
lus, ¥tk modulus, damping(tan 8)S HIEFZA
FhELTo} IFELT9 damping(tan 8) ¥ BARE
ol 5AY ¢ ded 1 BiE Foidh

Typical analytical test

Iodine adsorption number, mg/g
Tint strength, % vs IRB #3
DBP absorption number, cm*/100g

DBP absorption number, compressed sample, cm®/

100g

Pour density, kg/m*(Ib/ft*)

Fines content, % max.

Mass strength, kg(lb)

325 mesh residue, % max.

35 mesh residue, % max.

Ash content, % max.

Heating loss(as shipped), % max.
Toluene discoloration, % min.
Sludge pH

N-330 N-660 N-550 N-774
(HAF) (GPF) (FEF) (SRF)
82 36 42 29
102 - - -
102 91 122 70
89 - - -
368(23) 416(26) 352(22) 480(30)
10.0 10.0 10.0 10.0
27(60) 27(60) 27(60) 23(50)
0.10 0.10 0.10 0.10
0.0000 0.0000 0.0000 0.0000
0.75 0.75 0.75 0.75
15 10 10 1.0
85 80 90 80
8.5 85 8.0 9.0
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Table 2. Properties of clay

Typical analytical

Characteristics &

test composition

Si0,(%) 515
Fe:0:( %) 33
ALOs(%) 431
CaO(%) 14
MgO(%) 0.1
Humidity(2h at 105C) 0.6
pH(5g/100cc) 52+ 0.3
Specific gravity 3.149
Particle collected in sieve

325 mesh(%) 0.0

Table 3. Properties of calcium carbonate(coated with

fatty acid)

Typical analytical
test

Characteristics &
- composition

Specific gravity
Particle size(u)

Loss on ignition(900C) (%)

pH
CaO content( %)

2.55—257
0.08
45
87—-90
54.1

2.2 Rheometrics Dynamic Spectrometer(RDS)
of 2lgt ErtEES M
A E#HNAE Rheometricsiit®] RDS-7700& f#
st meltk o2 KMELTFE @R 23mm, 77
2mm® FABAE Favis FH7| 2 A B
B 1Hz, 145Co) A fusisfiol w3 modulus,
#itt modulus ¥ damping(tan 8)-& JE3}IATh

Table 4. Properties of calcium carbonate, light

Typical analytical Characteristics &
test composition

CaCOs( %) 98.1
Humidity(2hr, at 105C)(%) 0.26
Particles collected in sieve,
325 mesh(%) 0.1
Loss on ignition(900C) (%) 42
pH(5g/100cc) 8.0 02
Specific gravity 2.58

Table 5. Properties of silica

Typical analytical Characteristics &

test composition
Si0( %) 97.2
H,O combined(% ) 2.8
Particles collected in sieve,
80 mesh(%) <5
Loss on ignition(900C) (%) 13.0
Specific gravity 1.95
pH(5g/100cc) 65103
Humidity(2hr, at 105C) 8.0

283



bt

FEEE Bt

Table 6. Recipe for NR compounds

Filler CaCO;
coated
HAF GPF FEF SRF Silica Clay | (coated | CaCO;s
with
Material fatty acid)
SMR 5L 100 100 100 100 100 100 100 100
Zinc oxide 5 5 5 5 5 5 5 5
Stearic acid 3 3 3 3 3 3 3 3
Sulfur 25 2.5 25 25 2.5 25 25 25
MBTS 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
HAF 0~50
GPF 0~50
FEF 0~50
SRF 0~50
Silica 0~50
Clay 0~50
CaCO; coated.
(coated with fatty acid) 0~50
CaCoO; 0~50

. R % £%

179} 2 BhTmES BN RES Rl
w2t gkt fEfjeo] Sl HHIsA %L FEEH
BES vehle 5l A45: Bikelst 3
AE FubatA o2 F71HQ B0l Ml v
A EstEele 8 & oh? Byt %
e =2 F 25% 9 #e] xdHA ¢
S0l HI KEY e ool ?

L7 BHES HEETE sinli S FIEstd
A ZAHE 5 9o B 02 stressd Bt
79 sin 9] WEER LA strainFhs 7S
Hell 1A ek Sinfif B dukA o 2 BEERs)
EERE Edo] 7l5sle stressd §F AEL -
rain® PIHRel X3k B stressot SO 9
s HiE stresso]t}, B

Modulus= EH& 822 vir 2A #4 mo-
dulus(G¥) € BB @R £l Id &M
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ol st B modulus(G) Y BT 3
8= Ktk modulus(G”) 9 Aolet 5 4 glon
% moduluss= thEAle = Jehdic),

G*=G'+iG" (1

H Aol A i 908t BisrE vebe A mo-
dulus G*= 4 modulus G’ X5t modulus G2
BEEE tan §=G'/G'E F22 7+ 9oH 159
Fsptkoll °d3& = hysteresise T2 9v]
oA damping®® &, tan 8% ZohT ETEHY T+
ek ® w3 BBk damping S %, E£FEE,
T2A oA, SRS M, polymer?] blend,
FEAIZ Y HES BAYHEd U e
vehle 53] dampingg AHE¥ U EitEs
molecular weight®] BIES 7tadze] figo|ct,®

E G AEE o9 HE BT (dynamic vis-
cosity) 2 3t 41(2), (3), (4)2 Jehdd},
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® 1074 £
n*_—_ ' + inu (4)

37|14 n*& complex viscosity, 7'+ dynamic vis- 10°
—O— HAF
~@ Silica
—O— FEF

cosity, n"< loss viscosityS vtepic},
A Bl M+ rheometrics dynamic spectrometer-
7100¢ ekl NRELAO) A £5E 29 104 o o
FLA T BBHE Hested RDSE FUE 1Hz, 145CA ~@— CaCO; coated
DEH) e B curve® Fig, 1, 29} b
Table 7o veffct. — e -
Fig. 1, 2, Table 7914 R upe} o] RDSe| A 0on %K%
e Gy'd 272K B Florad FAA )

M

Log elastic modulus(G')(dyne/cm?)

Cure time(min)

F2o] WA vehton Zr2AME 24 Ut Fig. 1. Compafrision I\;)}; elastic mO:ulus(G') for filler
. 50phr filled compounds with time sweep
A O 27 o B Z= 0| A
e RS E;“f]—r.l_ Ak Fhohe e el mode.(Test condition : curing time 145C,
E QA4S HAF AHY w2 debded, 7 frequency 1Hi2)
oht g o] RALFuNTE mAe 2207 A%
& BTL 434S AL W4e ¥ 4 U —
FI15AAF Aegtel Fdole wolAle e 2 —@— Silica
% olch, —O— FEF
—&®~— GPF
ol2|¥ ZAFZ F¥ slold Beo| s18AE M ; —®— SRF
fEAIRL ol elebal 9ae] stk Az, o @~ CaCO; conted

HA {EB LR Sl dE S-N bond7}
BigEs]olok s of7]d] slolrBHo| SN KAS
BEAE (FRE shed 2944 frES 9.2 101
¥ B R MERAA Satele o) T
He 5 &Y gstazy) defo}l gl

ojgid #iele] /M hydrogen sulfides] A2

tan &

102 T T T T

HS™ ¢ fFM =% 2-mercapto benzothiazoles) A A} 10 2 30 10

/‘jE]-E- gSCS—ﬂ] 2]3“"‘] 7“ i\_]"°] 0;_]0-]11]-1:}. 1 Cure time(min.)

v Flole 23 A7} g s Fe) Fig. 2. Comparision of tan & for filler 50phr filled

hydrogen sulfide® HiEe A& 94 Foz4 NR compounds with time sweep mode.(Test

5 KE RIES (Eisto Ssg]e) ske whg condition : curing time 145C, frequency 1
Hz)
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Table 7. Comparision of elastic modulus(G’) and tan & values for filler 50 phr filled NR compou-

nds
ValuesRecepe No. | pap FEF GPF SRF Silica Clay S;actgﬁ‘ CaCOs
Guax(dyne/em?) 25X107 | 1.1X107 | 7.5X10° | 4.5X10° | 1.6X107 | 29X10° | 3.3X10° | 1.7X10°
Grmin(dyne/cm?) 81X10° | 22X10° | 16X 100 | 4.1X10° | 1.3X107 | 25X 10° | 1.1X10° | 8.5X 10"
tan Smax 57X107 | 6.1X10" | 68X 107 | 72X10" | 29X107 | 57X10" | 1.1X10° | 1.2X10°
tan Sumin 1.2X10% | 1.0X102 | 85X107 | 7.8X 107 | 14X 107 | 6.1X10? | 4.9X10? | 41X 10?

dojuA| e},

YT 3 A} ukge] dod 4 Gle 2R
=218 hydrogen sulfide) kel 1=y
o] 7ho}EE-Ae] hydrogen sulfide®] ks &9
A ste] MERE EH(LAZc. MBTSS #¢
hERAA e FtolEEd e K7} &5 [BEH
o] 57} 2] doju} MBTS7} 44 MBT7} =9
MRS EHEL7E whE 9 Sioyel ol Ale
7he FER X&) silanol® siloxanest & 5
717 Zn08 methabolism®& uhahate] Z214| ¢
a7 oA wEE Kol (R FAE
EEE7E oA %S e,

Fig. 10l4] X vpe} Zro] KRR LY BLEHS Bk
modulusS [tEEf £ o @Yl G Al
7 A3 1 thge] HAF>FEF>GPF>SRF>Clay
>CaC0; coated>CaC0;% ¢HE Bolx 9lon 7}
o] Aoy we} HAFZL M4 2 38 Jepl L
1 t}go] A2F>FEF>GPF>SRF>CaCO; coated
>Clay>CaC059 THE Holi Sl

179 HEMMEL FTEES KRSRE, R
7], hERER, KTl MR, s, NTERmEY
WEABMME, MTRED 1T 7FE Bk,
L2 #58, 159 S, BES ket #:E
WK, Void®] WAL 5o] 179 figttel] d3& F=
[E%ﬂu} 30~31)

RN FORRIS S FURRIS RIEET Bl
oz} Figc), Quideg kT Kol Wed
QETE Ay, JIiE, whEAF, FZA o
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Fhobd g ElaelA fimiRol & HAF 7}
ol E-e] hEFHdl B modulus7t =& A
e 1 #sitko] A& SRF 7lol2 42 7} Y
A% vepddh, 48] Fo1A REElE Al
7V 23 CaCOyt 7H3 #et,

0|94 ERENE WFIF ZE FholEEF o
Krf7h 2 7ol gdnc 67 A veRta glof
EEYo] | AFAARY FA vehd L £
IEES} F-EAtel A AhkEE bound rubber Eol
w2oty P2 bound rubberd AAiEC] B
THEHE AHA2R B modulus7t FAH Webdt
ot £,

Fig. 204 B uhe} Fe] RAAFRLADS dam-
ping% HEE o 7S} damping 7t A&7} 4
A3 1 t}go] HAF>FEF>GPF>SRF>Clay>CaCO
5 coated>CaC0;9 £$15 Holx lu}. 713bo] 3
freel wel Mg A 2 G e 2
t}-go] HAF>FEF>GPF>SRF>Clay>CaCO; coa-
ted>CaC0,% ¢HE Ho]i Sich

ojg} 7to] ko] ¥& FIEMUSZ damping
ghol =1L whisEtke] ¥ FEHATE dampinggto]
eE Hod F3 gk

olg FAAY sdAEwA] WETE HRAHL
ZobstA e n-Eare} FAA 7k }’%"] AL

ko] AlsfAA FAH B AL £40) FUiE o] dam-
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pinge] Ak, 2} F7] AAF Adejrte &
#4] polymers} uH3-3 bound rubber® oFo] o}
9] dampingztel vt MENGER F2ol w2
BERE EiEt et 3Aage 28 polymer7te
NEYPETL Faste] 2FEAe} FAAT Y ah2
o] Ala) 234 HAFR <t} damping 3ol 22 G'Y &
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>
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KK2Fo £ FIEHS BET S8 s in
EH TR o2 %84 modulus® damping? #atste
a3 e e 2ok

1. &% FEHES BAT KRLT A B
modulusE [T o FHIY B modulus(G)E
Agabt A% & g ez 2 o5l HAF>
FEF>GPF>SRF>Clay>CaCO;4 coated>CaC0;9] &
A& et 7hge] AYY Folv HAF>AE7}
>FEF>GPF>SRF>CaC0;  coated>Clay>CaC0,4}
TR ey

2. DampingE HEZ o 19 damping?te
CaC0,>CaC0; coated>Clay SRF>GPF>FEF>
HAF>A2)7}e] £22 Jelgs 7he] A" &
& A)7}>HAF>FEF>GPF>SRF> Clay>CaCO;
coated>CaC059 25 vebyict,

F¢Ho 2 BM moduluse HAFZ} 713 Zx
CaCOs= 7H A%leH damping HHE AHA] &
damping #¥fel= A7}t iEEE7E 7H8 £ (Eda-
mping H¥lE CaCO, 7FHAI7L it} wlep
IETE LA A9 damping #& & T AU2ER
damping ¥ fER FH3A ERE 471 Sk

2 £ X M
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