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Effect of OLS(organically modified layered silicate) in the cure rate and

demattia properties on NR nanocomposites

Jin Ho Shin

Department of Polymer, The Graduate School,
Pukyong National University

Abstract

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_htdrophilic property.
To ensure —good -compatibility =between polymer and
montmorillonite, modification—0f 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 natural rubber. Also cure rate and
demattia property of NR nanocomposites were studied.

The state of intercalation and exfoliation was
characterized by X-ray diffraction(XRD).

Cure rate was characterized by oscillating disk

= Vil -



rheometer(ODR). Each of tensile strength, modulus,
elongation, tear strength characterized by UTM. The wear
resistance and mooney viscosity were by NBS tester and
Mooney viscometer.
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Figure 1. Structural features of sulfur—crosslinked polymer network.
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(c) silica sheet (stereodiagram)

Qo ® Si

Figure 2. Sketch map of silica tetrahedron and silica sheet.
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d

(c) alumina sheet (stereodiagram)

)¢( spare site @ Al @ -OH @/\ -OH
P

Figure 3. Sketch map of alumina octahedron and alumina sheet.
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Figure 5. Type of modified agent in ammonium series.
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A: Conventional Composite B: Intercalated Nanocomposite

C: Ordered Exfoliated D: Disordered Exfoliated
Nanocomposite Nanocomposite

Figure 6. Schematic illustrations of (A) a conventional; (B) an
intercalated; (C) an ordered exfoliated; and (D) a disordered exfoliated

polymer—clay nanocomposite.
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Figure 7. Structure of Natural Rubber.
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CH,

|
CH,-N*-HT

|

HT

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

Figure 8. Type of modified agent at OLS—-15A.

CH,
|
CH,-N*-HT
|
HT

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

Figure 9. Type of modified agent at OLS-20A.
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CH,
|

CH, - N*- CH,CHCH,CH,CH,CH,
| CH,
HT  CH,

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

Figure 10. Type of modified agent at OLS-25A.

CH,CH,0H
|
CH,-N—T
|
CH,CH,0H

Where T is Tallow (~65% C18; ~30% C16; ~5% C14)

Figure 11. Type of modified agent at OLS-30B.
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|
CH, - N*-HT
|
HT

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

Figure 12. Type of modified agent at OLS=93A.
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= A, ol 28 27 O ofRI A %1 4,4 Di(aza

’

i)

—-dimethylbenzyl)diphenylamine®] Nauguard 4455 A}-83} St}
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0

|
CH,~~CH, = C— OH

Figure 13. Structure of stearic acid.

3.14 71uA] 2 7taE3 A

Ao AHgE ZFaAl = H el S5
AzE =% 999% sulfurs Ak
7Fal systemol] W3 7pnlss

¢l Dibenzothiazyl disulfide(MBTS;DM)E A}-83} 1t

32 4% AXA

3.2.1 Kneader

dXE Moriyamait®]  model

CECENDE
& Mgt

=

15 compound=

DS1-5MHB-E dispersion mixer @3 4t
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3.2.2 Roll mill

a5 compoundE Alx3s7] f38] = DAE JUNGAFS] D] M 10x25

open-roll mill& AF-&3F3tt.

3.2.3 Hot press machine

5 compound®] AELS 35 st KUKDONGAFS] SDL2 pressES A}
=g

3.2.4 Oscillating disk rheometer(ODR)

IE compound®] Z & 7FF Ale JbE EA(Torque) k3 2 A 713

AL Tot7] flstel 59 Zwickrh®] model 4308 ODR< AF-&3te] 7}
Zo Hae Al E e te 2 s AT

FN

OH

3.2.5 A = 7 (Hardness tester)

)

A% o] AxE =As3sl7] $18ke] ASKER LTD.9] 7 X=A(Type
A)E AH&3FATH

m‘}L

& Al

3.2.6 ¥]Z A (Densitomer)

ZF AHe HEFE =A87] Yste] UESHIMA LTD.¢ HE A4 (Model :
DMA-3)E AF&3FA T
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3.2.7 Universal testing machine(UTM)

Azd Aldel 7AH =4d& A7 #ske] Instron LTD.9

UTM(Model : 3345)5 AF-&3}91t}.

3.2.8 HlmlE o] A1 ¥ 7] (Demattia Flex-Cracking apparatus)

aR Agye wd 4e #zkely] kel UESHIMA LTD.o]

Demattia Flex-Cracking apparatus(Model :-890454)& “A}-& 3} 1t}

3.2.9 Abrasion tester

a5 AgHAe Yrtrgds A8 98 9 YAsuda Seiki LTD.9

N.B.S Abrasion testerModel : 271N)®} AKRON’'S RUBBER
ABRASION TESTERZ A}&3t%t}.

3.2.10 Mooney Visco Meter

ni AP

=l

= W3lE =43t7] 998 DAEYUNG ENGINEERING
AFe] MOONEY VISCO METER(Model : DMC-200C)E AF-&-3} % th.
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3.3 2944

FXE

AdE AA A7, SAA

A
5SS Fdte] oF 1087 A A o]w] Kneaderd WH%+ oF 100

o] ¢} o] A Z3F compoundE open roll millel A 7Fu A eF 7FalZE= 7 A
= Y oF 683 Mixing$ compoundE 3 ~5mmT 7| 2 sheetES #| %3}
At Compound ¥F = ODRE o] &3te] 155CAA 7t& EA gt 2
A% F ol weh 120kg/em’$ o] pressE o] 83}
FoA Tk
2 A 3o A demattia testE.9| 3kl ALE% press§ & F2 Figure 149
YR §1 3L, mechanical properties 5785 913 532 Figure 159 e}
ylth Figure 16 1% sheetE A Zdle T3S tdstA Uekd A
o] t}.

AN S oteos

Ao

of W AIEE Al A=

ol
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\_ |mm /\ /

Figure 14. Shape of a mold for demattia sheet by pressing molding.
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3mm

Figure 15. Shape of a mold for Vulcanizing sheet by pressing molding.
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Weighing

|

1) Polymer
100 ~105C Mixing by kneader |«—— 2) Fller
l 3) Additives
{ 50~60 C ]—» Mixing by open roll mill | «—— 1), Accelerator
l - 2) Sulfur
Sheeting
l ty, Was determined by
ODR test (at 155 C)
Press
Rubber compound

Figure 16. Procedure for preparation of rubber compound.
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3.4.1 7 =(Hardness)
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Figure 17. Shape of durometer type A hardness tester.
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oZs8 / AFE& (Tensile strength /

JAZZ=E /
Modulus / Elongation)

3.4.2

Fol 3mmul €] 2] F74 2 Figure 18¥ 7

S

=z
LN

KS M 6518¢]

[e]
E

Ry

a5 A

itk UTM(Universal testing machine)

= A#s

ok

#3353 A

o}

KN
T

AldH 2 570

™

ox
—_
fite)

vzl

_ZTI

, 300% modulus, A&A&S

FueA gl
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pud

Al 9]

KeX
=

= Hdgka Mgk
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= A4

Fo[kef { N}, A

)

= Fd

[kgf/cm” {MPa}l, Fy

(2)

#4 A2 (mm), L2

-
1

Epe= A7&E(%), Lo

o] (mm)e°] t}.

W

olo

—_—

0

_31_



F,
M= 3)

M,& &S [kgf/cm® {MPa}], Fod EA3 AL (%) &

[kgf {N}], A= A& H ] oA (cm?) o]t}
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& _ = : mm
1 28 25 ¥ 3 3 8
120 100 100
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Figure 18. Standards of Tensile strength specimen.
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3.4.3 Q1 ¥4 = (Tear strength)

1 AlEE KS M 65189 3t 77 23 ~ 2.8mme] F7|E Figure
19¢] B¥EE Hslo APAES ARt UTM(Universal — testing
machine)& A& DG E=E FASAL AFHAL S/= HAdata
Ak AL yUmA gre] "Hds Hskdv A= AL e 2
=3

T (1)

TR d A E[kef/em {(N/m}]l, FE AW =[kef (N}, t= AdH 9
57 (cm) ©] TF.
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Figure 19. Shape of Tear strength specimen.
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3.4.4 Wrl2 A (Abrasion resistance : NBS, Akron)

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

KS M 6625 749 3ol Figure 203 Zo] F77} 6.3mm, ¢+ <]
o)z} Bammel AN AR ew AAS Axste] SAsAT) @
SE e o ARake Ao

Algae] WekR a2 o Aol mek Albsksinh

R
_ Ry
Al 2 x100
Al PR E(%), R12 Aldslaizt sk AldH o] 254mm RS =)
293 S, R2v PIEE 7|&= Al¥ H(reference material of

NBS testerE" o]-&3ko] v}

o
filo
A
o
ol
rlr
,
rlr
=)
Sl
oo
N
N
[
>,
e
_E‘,

A DS dupA S AH Y ST ESZIE S0l D 2 g
%

AL t}e Table 13} Zt}
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Table 1 v}E-§ 7|TEE(SAE)] 1)

N

o

LRI | i & =F(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-vE-thzd opwl 1.0
2-(REXnEL) WXEE 0.8
Zn0O 2.0
Sulfur 2.0
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25.4mm

25.4mm

2.5mm

A

6.3mm

Figure 20. Shape of NBS specimen.
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L}, Testing Method for Abrasion of Vulcanized Rubber(Akron Method)

KS M 6624 TtAel Tt Adde] A= AF 63.5£050mm, F7
12.7£0.50mm, A& 12.7£0.50mme] s4 T4

Aatdvh AldHY = R 2 FHdEgs FHASAL AF FAY AN
TZ% Figure 219 YERY AT

AR e rtR &2 tha Aol whel Albe it

HIH 8(99) = 51 <100

S= 5719 &% AldHd ek Al@gh Z2ao] Hygkom AL
1,0009)ell sigetes mbE EA &4, T 5710 AldHol tHsto] AlA T
A3te] FHgoez A

3 = W3S the Table 29k 20

12bg 10008 of el ohr £ Gdolth BE

AldHeo E
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Table 2 ¥ wjgt

Al(tire tread) ®i&

B(shoe sole) ®j&+

Natural Rubber RSS#1 100 100
Zn0O 5 4
St/A ] 3
[RECR= Ay, 1 3
A% AR % - 60
Carbon black EPC 50 60
= % A D 1 1
M . 1
DM 1 -
Sulfur 3 3
7t =3 144°C % 40min 153°C x 40min
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Figure 21. Structure of the Akron tester.
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345 #9489 A& A I A(Crack Growth Resistance : Demattia
Flex-Cracking Appartus)

KS M 6695 7o) 3ol A@wne] m % A5S Figure 229 2ol
Azste] 3748 NEAS B

22958 24Tt

il
1

34 3003 2 dlo] do] o=

i

g

ol
2

ﬂJ
B\

|
!
| &
|

I
140 ~§55

351013

Figure 22. Shape of demattia specimen.
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3.46 ¥ HX(Mooney Viscosity : Mooney Visco Meter)

KS M ISO 289-1 7] F3ke] 100£05Co A 4587+ ML(1+4)E =4
ahalut.
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V. 2% 2 3%

4.1 Organically modified layered silicate(OLS) A7}
o] W& AT (Natural Rubber)e] &4

Aol Abge AJHL2 HADF(SVR 3L) 100phrell 2tstol<d (ZnO) 5Sphr,
g o}ALHSt/A)  2phry AFSPHFA] Al (Nauguard.  445)  1phr2 Yl
OLS(Organically modified layered silicate)® = Z+2k 0,1, 3, 5, 10phr ¥

Zato] EJetdth AR W Ee Table 37+ 2k
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Table. 3 Arrangement recipe of

Organically modified layered silicate(OLS) in Natural Rubber(NR)

N-11| N-2 | N-3 | N-4 | N-5 | N-6 | N-7 | N-8 | N-9
NR 100
Zn0O 5.0
St/A 2.0
Nauguard 445 1.0
Na+-MMT = 1 3 5 10 = = T -
OLS-15A - & - = - 1 3 5 10
OLS-20A = - = & = - b - -
OLS-25A = i -~ = = & = - -
OLS-30B - - - = i - - - -
OLS-93A - - - - - - - - -
DM 3.0
Sulfur 3.0
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N-10 | N-11 | N-12 | N-13 | N-14 | N-15 | N-16 | N-17
NR 100
Zn0O 5.0
St/A 2.0
Nauguard 445 X0,
Na+-MMT = N E - N 7 - -
OLS-15A - o = - 3 4 . -
OLS-20A 1 3 b 10 & - B -
OLS-25A % = > - 1 3 5 10
OLS-30B - = - - e ” - -
OLS-93A - o r I 'y - - -
DM 3.0
Sulfur 3.0
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N-18 | N-19 | N-20 | N-21 | N-22 | N-23 | N-24 | N-25
NR 100
Zn0O 5.0
St/A 2.0
Nauguard 445 X0,
Na+-MMT = N E - N 7 - -
OLS-15A - o = - 3 4 . -
OLS-20A - - & T o - - -
OLS-25A % = > - 5 7 i -
OLS-30B 1 3 5 10 = ” - -
OLS-93A - = = I 1 3 5 10
DM 3.0
Sulfur 3.0
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4.1.1 718 &4

Table. 39| #jgtite] we} OLS®E 27t S Figure 23 ~
Figure 260 YWEINAS. SHdA7F FHHA &S N-134 /A A L
Na'-MMT7} #7bd N-2, 3, 4, 5 H]3] OLS-93A& Al<s of& OLS

ol HATEEAIZE R AFAA o] Wl Es 4 7 ATk o= 24

N
©
N
N
ot
4
o

o] T = F7] dEF Yol (quaternary ammonium salt)ell 2¢]s+ 7}
W EFH a9 2 FA0S5~Inmdd Hl&] W2 WA (200nm*300nm)S 7}

A Fdo] g BEFFHZ T B AUY S4 mE oz

OLSY 7tu & %S Hlwd of OLS-15A7F 7Hd w23 OLS-93A7F 7}

ol
[r
AC
A
Q
=
N
et
ot

o] 3phr o< wW HAZIFAIF Y 2FAA =

ol E3td S ¢ 4 . OLS 3phred wWle] to, tios Figure 27 YE}
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Na*-MMT
OLS-15A
0.2 - OLS-20A
OLS-25A
OLS-30B
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Time [ sec]

Figure 23. Cure characteristics of OLS 1phr.
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Torque [ Nm]

1.0

0.8 1

0.6

0.4 1
NR
Na'"-MMT
OLS-15A

0.2 1 OLS-20A
OLS-25A
OLS-308
OLS-3A

0. 0 T T T T T

0 500 1000 1500 2000 2500

Time [ sec]

Figure 24. Cure characteristics of OLS 3phr.
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Torque [ Nm]

1.0
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/ AR R — g N — —
28 - e — _
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0.6 /’:: /
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i I /
0.4 _
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Figure 25. Cure characteristics of OLS bphr.
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Torque [ Nm]
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Figure 26. Cure characteristics of

OLS10phr.
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t90 [ min ]

t10 [ min ]

OLS Content[phr]

12

OLS Content[phr]

Figure 27. too and tip at OLS 3phr.
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Figure 28. Tensile strength of NR with OLS content.
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T il
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Figure 29. 300% modulus of NR with OLS content.
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Elongation [ % ]
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Figure 30. Elongation of NR with OLS content.
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Figure 31. Tear strength of NR with OLS content.
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Figure 32. NBS of NR with OLS content.
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Akron abrasion [ cc loss ]
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Figure 33. Akron abrasion of NR with OLS content.
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4.1.3 Mooney viscosity

Figure 34°] Na -MMT¢} OLS-15A¢] FH A= WS e 9]
v AYAE Y ANE Ay WY HAEE TV fdE =Y
¥ o] modified agent?l quaternary ammonium salt’7} 115 AlE Ab

o2 ~n Ul §34 d&dS 7] wEel Aoz dgEch Na -MMT

o A fHAR AEHA ke U QurA FAA A7HLw e}
Te A%e e,
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Figure 34. Mooney viscosity of NR with OLS content.

_63_



4.1.4 Crack growth test
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Figure 35. Demattia property of NR with OLS content.
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(a) 20 =4.01

Intensity [ a. u]

(b) 206=2%

-,

0 2 4 5 8
20 [ degree ]

10

Figure 36. X-RD diffraction pattern of pure OLS and NR
nanocomposites

(a) OLS, (b) NR compound(OLS 3phr added)
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