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ABSTRACT

This study deals with both effects of inorganic fillers to vulcanized rubbers such as
NR, CR, EPDM, NBR & SBR and inorganic characteristics of domestic fillers in comparision
with hard clay produced in the USA.

The results were as follows.

1. Main ingredient of domestic clay “Ha-dong clay” was Halloysite, “No-ha Island”

was Pyrophyllite with o-Quartz, and both of “Hard clay” & “Hwa-soon clay” were

' proved to be Kaolinite by XRD, DT-TGA and chemical analysis by XRF.

2. Tensile strength value of SBR compounded with these fillers, was Hard clay 146kg
f/cm?, Kaolinite 123kg f/cm?, Pyrophyllite 82kg f/cm®, Halloysite 80kg f/cm’, precipitated
CaCOs 27kgf/cm?, and ground CaCO; was 21kg f/cm’.

These results showed the increase of seven times according to filler species.

3. The physical properties of non-crystalline rubbers, such as SBR, NBR& EPDM ,
compared with NR & CR, have been considerably changed according to crystalline
phase, particle size, shape and surface structure of fillers.

Especially, tensile strength value in case of SBR & EPDM, was differentiated about
15 times by the particle size of fillers.

4. In SBR, physical properties of rubber compounded with Kaolinite which was surface
treated with fatty acid and silane, almost approach to the value of hard clay.

5. Delayed cure time of Kaolinite and decrease of rubber properties by CaCQO, can be
improved by blending kaolinite & CaCO; in the ratio of 2:1.
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Table 1. Classification of Fillers

Fillers —— Inorganic fillers [

Fiber

~— Organic fillers —— Powder —[

‘—— Fiber
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o, OJAEL KREMFRY KEHES Calcite, &
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Powder ~{:

Carbon black, White carbon,
Calcium carbonate, Clay, Talc,
Titanium dioxide, Barium sulfate,
Alumina, Diatomaceous earth,

Asbestos, Glass fiber

Wood flour, Ebonite powder,
Lignin, Phenol resin, Rubber powder

High styrene resin, Cork powder

Cellulose, Synthetic fiber,
Pulp, Paper flake
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Fig. 2. Crystal. structure of clay minerals.
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Table 2. Classification of Clay Minerals

et

1/10

Layer Mineral . Theoretical chemical analysis(wt%)
Structure | P name Chemical formula Si0, | ALO: | K:0 | MgO | H,0
Kaolinite
Dickite ] AlLO5:2Si0; 2H,0 4654 | 39.50 13.96
Two layer [Kaolin typg  Nacrite
Hyjfai‘gj"g;‘lgshe ] ALOy*28i0;* 2H;0" nHz0 4080 | 3470 2450
Allophene [ALO;* mSiO;-nH:0
Pyrophyllite AlO5-45i0,° HO 66.70 | 28.30 5.00
Talc 3Mg0-4Si0,* H:0 63.40 31.90 4.70
Three layer Montmorillonite |n(Mg- Ca)O* Al:Q;4Si0;mH,0 | 5340 | 22.60 24.00
Montmori| Hectorite ) w .
-llonite . LizO * 3MgO * 4Si0," mH,0
type Saponite
Nontronite |n(Mg-Ca)O-Fe;0s°4Si0,* mH;0
Clay-like S‘;;'h::e K0+ 3A1,05 6810, 2H0 4520 | 3850 | 11.80 450
Shales Muscovite
Phlogopite K,0-6Mg0- Al,O;* 6510:2H.0
Biotite J
IFHEZ A ALO, - 4Si0- K09l #ltES & Py- ‘ O K Koloie
rophyllites &7¢] 8 % WLk, BHSES ot
ol A igEsed o] webd mEe ER7L pibetiong
Al olAx mF g ZeprEo FEEMIEA @ oQuans
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Fig. 3 ZHEHS S 5918 9% Powdert:
X-ray RABRERIY, PSS Rigaku® BT
S¥rEEe| 1L, KBS HIFEHLS Target ; Cu, Fi-
Iter ; Ni Full Scale Range ; 2000cps, Voltage ; 30
KV, Time Constant ; 1sec, Scanning Speed ; 4°
/mm&EA 10° ~60° 721 [EHTA A Th
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Fig. 3. X-ray diffraction patterns of fillers.
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Fig. 4. DTA-TGA curves of the fillers.
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FeiEmle] (LML RigakuB! X-ray florese-
nce HHiEE FH39.2 Gas: PR, KV'nA : 50
KV'50mA, Tube;Rh® &2 Hr3iadch.
pH+ Horiba F-7AD, &+ Minolta(H-200b),
FIEE Coulter counter B#&<] Elzone PC, orfice ;.
1500 st BiEstdcl. o] &9 ABRER7T
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Table 3. Chemical composition and properties of the fillers

Item Fillers Hard clay Kaolinite Halloysite Pyrophyllite Calcite
1g. loss 13.19 12.95 1841 5.37 39.83
Si0; 4524 45.06 44.59 68.86 1.14
AlLOs 39.50 40.63 34.69 24.61 0.12
Chmical Fe)0; 1.30 155 0.80 0.35 -
composi Ca0 0.01 - 0.45 0.14 58.90
tion (%) MgO - _ _ _ -
Na,0 - - 0.07 - -
K0 0.20 140 0.89 0.10 -
TiO, 1.30 - 0.09 0.48 -
P,0s - - - 0.04 -
PH 438 6.5 6.8 5.8 98
Y 411 394 405 484 489
Whiteness| X 0.326 0.338 0.330 0.313 0.310
y 0.334 0.343 0.337 0.322 0.319
Moisture 09 0.3 6.8 0.5 0.1
Particle d=50 9.54 9.68 14.01 10.30 16.50
size Max 56.72 35.06 51.14 54.30 72.50
%2 Pyrophyllitex ©h& Z#o]Foll 314 Fe, Pont
O:&&e] A& 7o vehdrh pHE =39 ONBR @ JSR N230SH, HA&MIT (FK)
©]7} 438, Pyrophyllite”} 5824 kS Vepin OEPDM : Esprene 301, RAAFEA{LBTX
slev} Kaolinite®} Halloysitex K.09] & o (¥K)
Foll shitg Vel glen, ebdgd 9884 OSBR  : No. 1502, s#iiaih{tE (46
dZHE e sid. gEE st=Zdel, 3.1.2 FoHEl

Kaolinite, Halloysite”} Fe:0,2 &3 diA
Pyrophyllite\} €tibzte B} |BEaEr7L $4 42
Aoz veiyttl, WEE FEFESEE KR
Rsh} a9 KTE BkANAET e Top
sizet Kaolinite”} <F 35p2.8 713 22 Zleg
vepge},

3. E B8

3165/ #E

3.1.1 2%
ONR 1 RSS#3, Malaysia
OCR :Neoprene WX, *B E. L du

omEwb | Bl ®RIIE

o Ee A | BN Kit

O KHEEE A | B TH
o%t=Fde] ! £H R T. Vanderbilt
oKaolinite : 275 FNHE

OHalloysite - B AR
OPyrophyllite . £/ EIEEE
OCarborn black HAF : #715%# (%)

3.2. Kaolinite®] HrrER ik 3! KRR
i1

HESH ball mills Fimsted BPE Kaolinite
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wge) 1y, 4y, 5y, 15p% FAHES Bigsiaid).
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HEMEES ®EI3l7] $lste] B &) FHEBE 25-150
phr7HA] BRI AsIGon 3t ehbdgs) 24
ol RAKREHRE TEsly] Szl FIEHE
&8-S 60phr2 EEA7 2 EEGAEE BE
KaoliniteE 0~60phr7H?] BBRAREG A7 oA
o] 59 ElARE Table 40 veh} glrh,

3.32 B&k % E

EfRS A7 879 A o 2g=E fF
Fske] KSo] Jjikel wel Bfksldch. olFA
3e] Aozl FMELTE rheometer(Monsanto
100) & SHIEERRE(190) S HEdcHE 2o &
22 presstiE A YEHABRA T 0)e
E =ik
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Table 4. Compounding recipe of rubbers with
filler

NR CR
RSS#3 100 Neoprene WX 100
Zn0 5 Zno0 5

St/A 1 MgO 4
MBT 1 St/A 05
S 3 NA-22 05
filler 100 filler 75
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EPDM NBR
Esprene301 100 JSR N230SH 100
ZnO 5 ZnO 5
St/A 1 St/A 1
MBT 05 MBTS 15
TMTM 15 TMTD 0.2
S 15 S 2
P-0il 15 DOP 10
DEG 2 filler 100
filler 100

SBR 2
SBR1502 100

SBR 1 Zn0O 5
SBR1502 100 St/A 1
Zn0O 5 - MBTS 15
St/A 1 TMID - 03
MBTS 15 S 2
TMTD 0.3 HAF 40
S 2 filler 25—150
filler 100 or Clay+CaCO; 60
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Table 5. Test result of

NR compounded with filler

Ttem Sample No filler {Hard clay | Kaolinite | Pyrophyllite Precc;;gg:ed Surfz(l:c:ct(r)(zated HAF
Hardness (Hs) 27 54 50 50 49 40 - 65
300% Modulus (kgf/cm?) 11 85 54 53 34 17 94
Tensile strength (kgf/cm?) 187 136 143 117 140 152 184
Elongation (%) 890 350 500 460 560 770 410
o]Zle] o I HEIEES RS FHigshod fRigste] Soaele) BRES el dojuA e

REE EHAR2EZH
ol slom,

=g ZH el KTEmolY

R Gebdrhe

IS (REA R Peha & lem, Kaolinite
3 Pyrophyllite {Z#BS WA= it} pHo}

Biddbsiol BfEsle KRk o el hydrationfFRoZ
fRtiol] <7t KFEEEZ] (FAst Higazh RN
E5E Frhe #'E ok —fIE EREdele
fEaKE BRE ZogA WEvl st=gdels
3 RAEERE MR ELETY SR
B} HEEE A e s oe Al HEevh
& ZdolRelAe ikl FERG7L 15
ME AGshe B Bk g5 ik 29a
EMb s fi o KA R #imis
el S5 Qs ") ot e R

Eitol7] wigel IS EBIEA7I= Rl AN
oh, WS B & FTRRMEE SR 2R}
HAFS Bpotstne 24 @2 ZleR depddh
ol RALT7F AlsE/l £ fdtErso]7]
w ol % FORAS Bl 2] Hbkel
2 yES A 33 AR A

aehv BEE Syl vabRgY Y BT
e Ao vehted ol KTe MR K

94 93 ek N
Fig.5 % Table 501 RAZTo FHHE & 2 50
A7 RBRERSE e oloh. e e 2 40
KEby, KEEERdE, HAFS BEAS g 30 caCog
= Kaolinite
2R EERC] FEA SRMEFRCH W1 (R S 20
Pyrophyllite
ol veht el ole RAREE pHY) 1 o
deltol7] wRolw, rjolwuAL [REHy) 5 10 15 20 25
Ae MREENA = #o] Hydrogen sulfide® AL Time (min)
He e A demAd av BARKES Fig. 5. Cure curve of NR.
Table 6. Test result of CR compounded with filler
Sample . . .| Precipitated |Surface treated B
HAF
Item No filler |Hard clay| Kaolinite | Pyrophyllite Caco; CaCO,s
Hardness (Hs) 41 70 67 67 60 60 72
300% Modulus (kgf/cm?) 12 96 74 62 36 34 222
Tensile strength (kgf/cm?) 212 119 118 115 97 137 238
Elongation (%) 1000 640 780 770 850 900 350
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72 NBRS i RBERZ U9 KRR
CRI= HES o2 #RE BdFa . F
KA CRS FolRA EAIE: BRY DS
Vel 9lglevt NBRL FiEM A 51
EWHESY AS 20kgf/om*S HESE £EL
FIEEIE ELASIES W Mtke) ERIE AS
2 4 glth. o]+ NBRe|l HAiaE~l Hege
FERERM ¥k AL Jehin FTiERle &8
2 Etkel wel #tke]l A EAR"rhe AE
BeFam gty FEBPIZ FREES wd &
HgS 43kg f/om’ S LIRS} A9 gle
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T BiFsHA Jebhded, EEL ZdHolE7)
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#EEE S Kaolinite?} HER E& 7oz Jel
wich, Fig.7 ¥ Table 82 EPDM2] HBkEREA
pnEhige 29 HAF7} 7H8 W0 torque”t ¥
Roz vehdony FEH AR 71 InE
Fifel ezl v5d f@RE Bl
olch. #imEolAe NBR ABERe v @
He 3T Qlck, FEHEM IR 5 ERME}
20kg f/cmPRE °\ 3 KEERbEEo]l HRDA
ARl oF 2ffe) FEEMES Jehin o]
BT 83~127kg f/cm?7HA18] BiFEH #HRORE
BelF 3 glev} Pyrophyllited] #ttel B+ %
oJx)&= 71 Pyrophyllite®] #fEE7t EME
2A FEKEES TR ERs= Aoz £
4= olch, BWEE o) bl visty

‘_
=,

70 5~8f ¥ $AE ez Utk fRRE
S 60
£ =3 50
Z 40 HAF T
2 30 1 STccog 940 ooy g aolinite
g ?CaCQ; i E 30 Pyrohyli
E C o ol Cal
= 20 l-li::’lincit‘:y g 20 S '1?3CaC03
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Fig. 8. Cure curve of CR. Fig. 7. Cure curve of EPDM.
Table 7. Test result of NBR compounded with filler
Sample . - .. | Precipitated |Surface treated
Item No filler | Hard clay | Kaolinite | Pyrophyllite Caco, CaCo, HAF
Hardness (Hs) 49 66 65 66 61 61 71
300% Modulus (kgf/cm?) 17 86 51 50 15 15 168
Tensile strength (kgf/cm?) 29 150 144 128 43 113 276
Elongation (%) 450 650 780 720 560 660 460
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Table 8. Test result of EPDM compounded with filler

Item Sample No filler |Hard clay | Kaolinite | Pyrophyllite Pre(o::;;élsjed Surf?:c:ég)(:ated HAF
Hardness (Hs) 48 61 60 61 55 52 64
300% Modulus (kgf/cm?) 17 31 32 31 15 10 93
Tensile strength (kgf/cm?) 22 127 120 83 51 108 217
Elongation (%) 380 750 710 700 620 700 510

FEBE 2 2 2R sk

Fig 8 & Table 99 &mslF-FollA 713 o)
fEH=" EEI SBRY &G mit Rk
R7b vehdslel, MRS W HAF 2 =
AR EE) HERE) INERSRe) wE Ao Yeh)
om ZHolEAME Pyrophyllited}t sH=32)
17} scorchBffide] ME3s] 2 Aoz vehd KiE
Halloysitet: &< Aoz veldt), o] #H:
Zeo)9] pH7} InfEttd 2 BEL nAdeR
ALE 4 ok, 283 BYRAEET KEw
AR hnEEES MEcs] B EEsde
_1.1;} WErb9 scorchBifE] 2 fnEERso)
w2 Ao Jelyedl, olv sk il

70

o]
501 P-CaCO3
40+
304
20 -
10

No filler
Pyrophyllite

Torque(Ib-inch)

l5 10 15 20 25

Time(min)

Fig. 8. Cure curve of SBR.

Table 9. Test result of SBR compounded with filler

SR Bshe RKE Ca(OHD.® frfed ol
pH7} HZeE)iEg ws gl7] wfFelh
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nitee °F 7.5809 HEZHRE b Qi)

Halloysite2} Pyrophyllitet= 3t=2#0]9] <
BEY #EREs Jepisdch BEEe st=Zd
ol7} 65 R 71 XA dEhgewn, oE ¥
OPFEEL 62632 M3 BT 2~6
B FeolfErc WA viehdd

42 FER) RIS HE Y REEED
&

—REPC 2 ERFUERE 0.01~01p3719 4
B wpam=E (s, 01~13re xR
Fuppm, wblibke) RNTFe TERE EREx
k™ 1Elw FiEHS) EKES HEF AES
FAE dedl, SHelEY] Fms KB B,

Jtem Sample No filler |Hard clay| Kaolinite |Halloysite | Pyrophyllite (z:r:(l:lg? Przc;[gtgzed HAF
Hardness (Hs) ; 44 65 63 62 63 56 60 65
300% Modulus (kgf/cm?) - 54 52 31 37 13 21 161
Tensile strength (kgf/cm?) 17 146 123 80 82 21 27 200
Elongation (%) 250 750 740 810 750 450 390 370
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Fig. 9. Particle size distributions of Kaolinite.
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el k) AAwt NBR, EPDM, SBRYlA+
FoEmI N wel 8y} Be ez Je
st 53] SBR¥ EPDMolAE kil o3
78 15uRe] SlRMERES] BMLE Ro Sl
K7} kol 24 &S A o JYepyr)
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Fig. 10. Tensile strength according to particle
size.

Diethylene glycol, r-Chloropropyl methoxy si-
lane> 2 KREMMT 3K} HEE KaoliniteZ
SBR FEiER EAFLGFR wel HEE 2 BLE 5o
velhd PERER BEReld. o] H£RE ¥4 3
=Fdole} PHREel e 1pel Kaolinited
5lERME 7L st=Fdlolel of 859 B el =
W3 EERAAE o 2 #F do3 .o Dieth-
ylene glycol FRbibFRs MEH A, Silane EHE
ke R 2 SIEEHEA st=gH ol e} vl
FAZ EREe RE 99 2ol g
2 {LERRe] R S=Zeelst BEKaolinite
o} #E7l & A&, AA EEKaolinite Lot
HETE ok WM FEAZE LT
M= AR w7l diEelw &4, BlEKaoli-
nite2t}h Free Quartz’} ®7] wjg<l 722 A
7+l

2222 Kaolinite®] HWEE MAH o
feRsty EEY REEEEE EEsl Bt
A AT TRk oS BEEY PRE YeEhiE

Table 10. Test result of SBR compounded with surface treated Kaolinite

Sample . Surface treated Kaolinite
Kaolinite - - - -
Item Stearic acid Diethylene glycol | r-Chloropropyl me doxy silane
Hardness (Hs) 63 63 64 65
300% Modulus (kgf/cm?) 52 52 52 59
Tensile strength (kgf/cm®) 123 127 131 127
Elongation (%) 740 790 730 890
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A7 g Aoz AZ4sw xd g K-
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Fig. 11. Tensile strength versus amount of filler
in SBR.
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Fig. 12. Hardness versus amount of filler in
SBR.
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Fig. 13. Cure curve of SBR blended with CaCO;
and Kaolinite.
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Fig. 15 SEM vphotographs of tensile fracture. surface.
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Fig.15E NBR+ Precipitated CaCOs
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Fig. 14. Tensile strength according to blend ra-
tio of CaCQO; and Kaolinite.
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ol= kel Kaolinitedth

2. SBRel #FEEIS REESY MEHLTS
FlEEREE FEES=FHo)
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