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Effect of organically modified layered silicate(OLS) on mechanical properties

and dynamic mechanical properties of chloroprene rubber

Tae Joon Hwang

Department of Polymer, The Graduate School,
Pukyong National University

Abstract

Chloroprene rubber has high™ modulus, good weather ~resistant, good ozone
resistant, thermal degradation resistant and low gas permeability. Chloroprene
rubber is used to gasket and seal products.

When montmorillonite(MMT) was compared with. black and- silica the better
reinforcing—effect 'but dispersion was not good. MMT has a | difficult
dispersion in the| rubber because it has the strong hydrogen bond and
hydrophilic property.

To ensure good compatibility. between polymer and ~montmorillonite,
modification of the MMT become necessary. That can be modified by cation
exchange with organic ammonium salt or amines.

In this study, for the purpose of establishing exfoliated polymer-MMT
nanohybrid systems with the melt intercalation method, experiments were
conducted for mixtures of MMT and chloroprene rubber.

CR-nanocomposite cure rate was characterized by oscillating disk
rheometer(ODR). The state of intercalation and exfoliation was characterized
by X-ray diffraction(XRD). Each of tensile strength, modulus, elongation, tear
strength characterized by universal test machine(UTM). Flex resistant
characterized by demattia test. Dynamic mechanical property characterized by

dynamic mechanical analysis(DMA).
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(c) silica sheet (stereodiagram)
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A: Conventional Composite B: Intercalated Nanocomposite

C: Ordered Exfoliated D: Disordered Exfoliated
Nanocomposite Nanocomposite
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3.1.2 »7A (Flllers)

A5 o ARg-H Montmorillonite(MMT) & Southencaly product
OLS(organically modified layered silicate)E AF83t99 2™ OLS® modified
agent= Figure 8~ Figure 99 YERH At}
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CH,
|
CH,- N"-HT
|

M1

Where HT is Hydrogenated Tallow {~65% C18: ~30% C16; ~5% C14)

Figure'8. OLS-15A¢} /W &Ale] 9.

CH,CH,0H
|

CH,- N=T
|
CHLCH,ON

Where T is Tallow (~63% C18; ~30% C16; ~3% C14)

Figure 9. OLS-30B2] 7R & A2 3
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3.1.3 A7tA (Additives)

ZtuA e} W8t 1 FRaHNE A A s fske] (F)AHNA Axd
WA Fe] aF8 18 714 5548220 Magnesium Oxide(MgO)& AF-&
3t o Kneader®t Rollol Aol d&3t 713, fillerd A=l Z7bet 713}

SN EINE A8 FeolA QgAgelw, OLSe

(o

23 Zabe =957 4l

sto] @A el 2k 40009] Poly ethylene glycol® Z 2 A~ 24 P-3 Oil

seezde Awase wAs 24 44 Was BA5s] dad 2
A (F)NA AzH

1=
=

Bdoln &% 98%<2] 1z Akst
W] A Octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)  propionate 2]
Songnox 10765 A}-&-3} %t}

HO CHCHy=C—0CigHy7

Figure 10. AFs}H} A Al o] =%
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32 4% AXA

3.2.1 Kneader

% compoundE A Zsl7] Y& EE Moriyamaile] model DS1-5MHB-E

dispersion mixer ¥ #H 3 UHE A3t

3.2.2 Roll mill

a5 compoundE A|x3sH7] 98] = DAE JUNGAFS] D] M 10x25

open-roll millS A}F-&3}% T},

3.2.3 Hot press machine

a5 compound?] A& & #38] = KUKDONGAFS] SDL2 pressE AF-83)
At

3.2.4 Oscillating disk rheometer(ODR)
5 compound®] EZ# A~ 7hE Alol-7ky EA(Torque) #3 AA7M8x7
S 78] 9t 5U ZwickAHe] model 4308 ODRE Al&3te] 7hg%<]
2% A EA #FF t 2 s SASATH

3.2.5 7 = A (Hardness tester)

Algg AlHe AxE =SA357] 98] ASKER LTD.9] HAZ=A(Type A)E
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g ekt

3.2.6 ¥]Z A (Densitomer)

Zt AHe HMFTS SA3s7] Yste] UESHIMA LTD.o H] 5 A (Model
DMA-3)E AF&-3}9 ).

3.2.7 Universal testing machine(UTM)

ANzE AAY 7AAH BEXHE =AH37] 95 Instron LTD.9] UTM(Model
© 3345)& AF-g3ssiT)

3.2.8 HlulElo] A& 7] (Demattia Flex-Cracking apparatus)

I5 AEAY] g AFS HIlelz] 918kl UESHIMA LTD.¢] Demattia
Flex—Cracking apparatus(Model : 890454)3 A}-&3}1T}.

3.2.9 Abrasion tester

IHF AlgA YRS S4%7 98 €2 YAsuda Seiki LTD.9] N.B.S
Abrasion tester(Model : 271N)& A} 83} ).

3.2.10 Mooney Visco Meter

TF AlYHAe] HE HEE =AHs7] Y DAEYUNG ENGINEERING A9
MOONEY VISCO METER(Model : DMC-200C)& A}4-3}43th.
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3.2.11 Dynamic Mechanical Analysis

a5 A¥dAY B4 EA(storage modulus, loss modulus, tangent delta)<
=A37) 9814 WorldDac™s2] Dynamic mechanical analysis(Model
TA-Q800)= AH& sttt

3.2.12 X-Ray Diffractometer(XRD) (X-4 3 A &4 7])

5 AFA elA OLSe el 2 Ade #FE %437 A9 X-Ray

Diffractometer(Model : PHILIPS (Netheland)AF2] (X'Pert-MPD System))&
A-8-519 .
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3.3 2349

155 Kneaderdl 79 & AT A-dZASE AAH HA7A, 1A 55
Fo] oF 128-7F E£#H A A} o)W Kneaderd WH%:= oF 100 ~ 105T
= A 3FA

o]9} o] A %3 compoundZE open roll mille| Al 7tuA|eF 7tuEHAS ¢

N

0
RS
ofs

3l ¢F 5E7F Mixing$ compoundE 4 ~5mmTF7%E sheetE A Z3FA T}
Compound €52 ODRE °¢]&3lo] 160TCoA 7t EA gk 2 HA7FsHA7H

%t AT F o] wheb 120kg/cm’te] pressE o] gkl FE A F§
2 Ao Al demattia testE 98] AREH press& T Figure 120 4}

EFI 9132, mechanical properties S4S 93 932 Figure-139] e SITH

Figure 142 315 sheetE Alzsts 345 3dshA vEld Aol
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=2 o= = &
Figure 12. X2 9o <93d gnlgo] HJEES 93 2= w3
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‘ Weighing

|

Tt i) Polymer
100C~105C | — | Mixingbykneader | 15 g
i) Additive
60 C ~70T ‘ o Mixing by Open «— | D) Accelerator
Roll Mill
Sheeting
tgg determined by
l LT IV FAVW ODR test at 160°C
Press
Rubber compound J

Figure 14. 22224 1% A= A|x= 9

k%
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34 93 &4

3.4.1 3 =(Hardness)

oftt

o

k1
>,
jaii)
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I
)i
:

9]+ mm

%43, 2
¢1.3+01
3544 +

' TS

$079
T reu

Agd [ e

N2

Figure 15. 4% 4 & A A=A +9 Ae 29
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342 AZAE / ARZSE / A& (Tensile strength / Modulus

/ Elongation)

TB:iZB (1)

TpE AAZ%[kef/cm® (MPall, Fe= Al 3t2lkef { N }], A= AlFH

v A s
Li—=Ly
Egz= <100 (2)
Ly

EsE AHE(%), L= B4 Agd(mm), LS du=E wjo] FA Alojol Aol

(mm)°] t}.

_30_



3)

#[kgf/cm® {MPa}], Fn& EAS 288(%)N4 &% [kef
o] @A (cm?)o] ).




o8

) @9

1 28 2 38 3 3 8

120 ' 100 100
5,25, 40 ., 40 1525, 20, 40 5.25.20, 40

g 2
RIS\ s R25 SEY RZ> = = 9
ka) % Rai o i
nel g
1358 55 8 6 -8
100
209,20, 40
[ )
W] L0
) v |

Figure 16: 91872 = Al

)
1o,
=
MN
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3.4.3 Q1 ¥4 = (Tear strength)

T=L (1)

TR JE4%E[kgf/cm {(N/m}], F= U stslkegf (N}, t& AldH F7
(cm)o] o},
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3.4.4 Yv} 2 A (Abrasion resistance : NBS, Akron)

7}. Testing Method for Abrasion of Vulcanized Rubber(NBS Method)

KS M 6625 7+Z9 +38to] Figure 18¥ o] 77} 6.3mm, $HH o] Zo]7}
254mm¢el GAZE 02 A S A xste] SASIAT Al@HS = 3E

o Hargre Asrh
AgAL] ke e vhe Aol meh Axkshv,

Al= WwE & (%), R12 Al @stazt

ol

= AldHol 254mm "R E =Y 2
Q3% 3|d4, R2+= PEEE 7]|+E Al 93 (reference material of abrasion :

RMA)°] 2.54mm v}E & =H 223 Ft 34

&
o
Te

NBS testerE ©o|&3td] UrtE&S SAHS=HE PIEE 7|o8 AlgdAd
Aldg dutrle] dA2E ¢k vlE & 7|EEe] Hody o owjdy 212

th& Table 13 7t}
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Table 1. vf2& 7|FE (S &)

ot 22

v oAl v g+ = (phr)
Natsyn 2200 100
Plio Lite S6B 2.5
St/A 2.0
Carbon black N 762 40
Carbon black N 330 5.0
Hd-wE-vzd ofvl 1.0
2-(REXxexE Q) WxEE 0.8
Zn0O 2.0
Sulfur 2.0
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25.4mm

25.4mm

A

ALI\)

6.3mm

Figure 18. NBS A|#H ¢ ® 3
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345 @8 AF AFAH(Crack Growth Resistance
Flex-Cracking Appartus)

Demattia

KS M 6695 A Fato] AlgHde]l B 2 X4E Figure 199 #2o] A%
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!!

25

i
140~ 55

351013

Figure 19. HlvfE] o] Al H 2]
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3.46 ¥ A X(Mooney Viscosity : Mooney Visco Meter)

KS M ISO 289-1 #Zel #3te] 100£05ColA 427+ ML1+4)E =434
.
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V. 2% 2 3%

4.1 Organically modified layered silicate(OLS) # 7}l
WE 2223 15 (Chloroprene Rubber)? E4

Ao AFg3 AHe FEazdl 1% 100phro] Absloldd (ZnO) 5phr, AFsh
w1y 45 (MgO) 5Sphr, AF3F WA A (Songnox 1076) 1phr, £ 24 (PEG4000)
4dphr, Z2 A2~ 2L (P-3 oil) 4phr= %31 OLS(Organically modified layered

FYsta, OLS & 7V $2 =45 dehve Cloisite
15AE 3, 5 10 phr % F43Act. A" wjghe Table 2 ¥ Table 33
Faguy

silicate) ¥ & 5phr&
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Table 2. Arrangement recipe of

Organically modified layered silicate(OLS) in Chloroprene Rubber(CR)

GC1-1|GC1-2|GC1-3|GC1-4/GC1-5|GC1-6|/GC1-7|GC1-8
CR 100 « «— « - « - -
ZnO 5 — «— - - - - -
MgO 4 — = - = - - -
St/A 1 — - - = F 4 o -
ISAF(N220) r i 7 o 40 35 35 35
Na*MMT - 5 = - - 5 | —
Cloisite 15A = - 5 - - i = -
Cloisite 30B 5 ™ - 5 - - _ 5
PEG4000 4 <3 « «— — b - «
Songnox 1076 1 “— <« — e «— - -
P-3 4 « « « « - - -
NA22(ETU) 1 « «— « « « - -

_42_




Table 3. Arrangement recipe of

Organically modified layered silicate(OLS) in Chloroprene Rubber(CR)

GC2-1 GC2-2 GC2-3 GC2-4
CR 100 - - -
ZnO 5 - - -
MgO 4 - - -
St/A 1 - — -
ISAF 40 37 = 45) 30
Cloisite 15A 0 3 5 10
PEG4000 4 - A 1
Songnox 1076 1 - 3 ]
P-3 Oil 4 o 3 r
NA22 05 AN 150571 T1.FT057 1 | k5 |0%Bf 1 |15
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4.1.1 7l EA

Table 2 ¢ Table 3¢ #jgie] w2t OLS®Y 7lw A4S Figure 20 ~

Figure 23¢] YetlATh FAA7E H7ME = &2 CRel ®lgte] OLS7h 3
¥ OLS Na', 15A, 30B9] H A 7}8 A 7ko] 5% walad AL B & gt} o=
Zeo] A AFEHE Fole EE 7] dRE Fol2o] Yol

Hol 7hal FX& 3 B FA05 Inm)el BlE 8§ WA (2007300nm)& 7H=
Zdo] #Fe 553 R AT w2 ddD S VAT Aew &
ST

OLS7} H7bd = 7hakrh S7bsks A 7hal 248 E=(toque)ghel 4

oz & g 9tk ol OLSe FHelse =4 B aye A= M7t

AN

s

3l Ethylene thiourea®] ZA-UA7F #7]¥Ho =2 &4

r o
2
P
)
_|>i
©
4
B
iIh3
it

e B9 JaAgon APy AFow wuw

©)
N
wn
e,
N
El
dpx
ol
o
jur’

Jast w QES 15A7F 7Fg w2 Jlm £5E Holx
i e v fESkS w Sphr o] A W, HA 7HE At &3 52Ut

E3lE e A4S & 4= 9t Figure 24¢9] OLS 15A stk 1 X2 7134 7HS
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times

1.0

o8

0.6

0.4

0.2

0.0

CR
— —  Na'MMT
— — — OLS-5A
———— OLS-30B
T T T T T
o] 10 14 20 25 a0
Timnes
Figure 20..OLS ¥ 5 phr ®7} A] 7} =4,
@
[ ]
( J
[ J
A A A A
T T T T
CR Na+MMT OLS 15A OLS 30B
specimens

Figure 21. OLS ¥ 5phr H7F Al teo I tio.
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2.2

2.0
1.8
16
14
% 1.2
1.0
08
06 ;
/ CR-N220
04 — —  CR-N220-Na*MMT
/ — — — CR-N220-OLS 15A
0o - CR-N220-OLS 30B
0.0 . . ' ' '
0 5 10 15 20 3 &

times
Figure 22. OLS ®¥ 5phr ¥ 544 7l2 &3 35-phrs 37

AR AS T 54

times

18
[ J

16 ®

[ J

14 L

12 1

10 H

8 -

6 -

4 -

27 A A A A

O T T T T
CR Na+MMT OLS 15A OLS 30B

specimens

Figure 23. OLS % bphr #7}e} A 7HEE9 35phrS 7 7t

shae W HA At F =3A] AIZE (o).
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1:90

16

14 -

12

10

Aty
ot

cloisite 15A loading

10

Figure 24.-OLS-15A '0,.3, 5, 10 phr "7} Al to ¥ tio.
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stress

tensile strength[kgf/cm?]

16

14|~ CR ]
— — — -  Na'MMT S0

1 | === OLS-15A / /'
................ OLS-30B /

-2 T T T T T T
0 20 40 60 80 100 120
strain
Figure 25. OLS 3 ™ Strain - stress 2141,
130
120 ®
110
100
90
80
70 T T T T
CR Na+MMT OLS 15A OLS 30B
specimens

Figure. 26 OLS % ¥ J& A& 54 3k
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tear strength[kgf/cm]

300% modulus
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Figure 27. OLS 9
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4.1.3 Mooney viscosity
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o>

A7k modified agent?]

]_

o
ol

= S7HA7171 Sl e

Lt I =L
quaternary ammonium salt’} ¥ &0 2 H7lw o] 1§ Al&EALo]o F&A AE
Z7HA 2 Ao R FkE)
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tol s 548<

ftlo
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mooney viscosity

120

100

80

60

40

20

CR Na+MMT OLS-15A OLS-30B

specimens

Figure-30. OLS +3 ¥ 7Y Hx =4 4k
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414 97 ¢=2S & (Compression set property(Cs))
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o 234
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o 22 - E
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g
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O 21 A
20 A i
19 T T T T
CR Na+MMT OLS 15A OLS 30B
specimens

Figure 31. 2222d 1% F2E 2 uFE-FHo), F=223d a3-742
| 2oy dru=E5e =4
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4.1.5 Dynamic Mechanical Properties

a5 A¥EAHY 54 EAS =AH3E7] 98] Dynamic mechanical analysisZ

oj-&3te] A% A

_—

(storage modulus) % <4 Alg(tan §) #S #AF3HS

it

Figure 32914 vhebd 219 2o OLS7F #7bg Al A% WA Eol F71s

=
=
o] && FIolA AT GAHE Fho] &l wtd=

it}
rlr
=
o
M
flo
iih
ol
ol
=
["O

OLS7} 24 A4S =AA 7|4, fillerfiller A5 2F80=2 <213 filler—filler
HWEY= FA 3, OLSY B7F &y 7193 Ao g dAddrt Figture 33.90

A E4 AF tan §& B OLSE H7behA &S we] &4 Al ghol 7t

4 L StEes EA AS ghol AokA M, FHsA WMy E¢ OLS %
A<
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4.1.6 Crack growth test
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OLS 30B
0 500 1000 1500 2000 2500
cycles
d 3o FRE2xY a9
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