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ABSTRACT

Project Code: PDF/16/2542

Project Title: A study of relationships between physical properties, rheological
properties and phase size of rubber dispersed in NR/NBR blend

Investigators: Assistant Professor Chakrit SIRISINHA, Department of Chemistry,
Faculty of Science, Mahidol University
Professor Sauvarop LIMCHAROEN, Department of Chemistry,
Faculty of Science, Mahidol University

E-mail Address: sccsr@mahidol.ac.th

Project Period: 1 July 1999 — 30 June 2001

The research project aims to investigate factors controlling phase size in the
blend of natural rubber and nitrile rubber (NR/NBR blend), where NR is a dispersed
phase in NBR matrix. The factors to be studied include blend ratio, mixing conditions,
viscosity ratio, the additions of fillers and compatibilisers. Thereafter, the relationships
between NR phase size and properties, particularly oil resistance are to be drawn. The
morphological results obtained show that the NR dispersed phase size decreases with
(i) decreasing NR content, (ii) increasing mixing time up to 25 minutes, (iii) decreasing
viscosity ratio and (iv) adding filler. By contrast, it has been found that neither maleic
anhydride grafted ethylene-octene copolymer (EOR-g-MA) nor maleic anhydride grafted
ethylene propylene diene monomer (EPDM-g-MA) could function as a compatibiliser in
the blend system studied, and both cause an increase in phase size. The relationship
between NR phase size and properties of the blends reveals an increase in oil
resistance as NR phase size decreased, with an exception in the case where liquid
natural rubber (LNR) is used for controlling the viscosity ratio, i.e. a reduction in phase
size does not increase oil resistance of the blend.

Further work of the present research project is a control of blend morphology in
other blend system where NR is used to reduce the production cost, based on the

knowledge obtained from the present research project.

Keywords: oil resistance, phase morphology, rubber blend, natural rubber,

nitrile rubber
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Chemical name

G_radelSupplier

Acrylanitrile Butadiene Rubber (NBR)

N2308 (35% Bound Acrylonitrile 7
cantent)/Japan Synthetic Rubber {(JSR} Co.,
Ltd., Japan

Natural Rubber {NR)

STR 5,Thailand

(ML1+4 @ 100°C = 04, 72")

Liquid Natural Rubber (LNR)

In-house preparation; Hv = 8,413

Epoxidised Liquid Natural Rubber (ELNR)

In-house preparation; % Epoxide content =

24.46; M, = 8,772

Maleic anhydride grafted ethylene-octene
copolymer (EOR-g-MA)

In-house preparation; % MA = 0.5

Maleic anhydride grafted ethylens-propylene
diena rubber (EPDM-g-MA)

ROYALTUF 490 (% MA = 1)/ Uniroyal

company Inc.

| Dicumyl peroxide {DCP)

Percumyl D/ Chammin Co., Ltd., Thailand

Carbon black

N660, N330, N220 /Thai carbon product Ca.,
| td., Thailand

Silica

HiSil 255/PPG-Siam Silica Co., Ltd,, Thailand

Commercial silane-treated silica

Ciptane 255LD /PPG Industries Inc,,
Thailand

Osmium tetroxide (OsO,)

o

EM. (1% in aqueous) ! BecThai Co., Ltd.,
Thailand

Hydraulic oil

TELLUS 100 / Shell Ca., Ltd., Thailand
(ASTM ail No.5})

a*

= Use in the study of viscosity, filler and compatibiliser effects
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Apparatus

Supplier/Trade Mark

Internal Mixer

Local — made Banbury internal mixer,

Haake Rheomix 90

Two-Roll Mill

Labtech model LRM 150, Nishimura
NS76

Oscillating Disc Rheometer

Monsanto model 1008

Mooney Viscometer

Monsanto model 1500

Hydraulic Hot Press

Wabash Genesis Series Model G30H

Tensile Tester

Instron Universal Tester model 4301

Hardness Tester

Zwick D-7900 Durometer (Shore A)

Optical Microscope

Olympus model SC-35
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gmmaﬁ’l'ﬁ'lumsvmam

Ingredients Part per hundred of rubber
(phr)
Rubber ° 100.0
DCP 1.5
LNR 0.0,50"
ELNR 0.0,5.0"
Carbon Black 0.0, 20.0 ¢
Silica 0.0, 200 °
d d d
EOR-g-MA 0.0,30 ,50 ,7.0
d d d
EPDM-g-MA 0.0,30 ,50 ,7.0
as= Blend ratios of NR/NBR used for this study were 100/0, 80/20, 50/50, 30/70,
80/20, 0/100.
b= Used in the study of viscosity effect
c= Used in the study of filler effect
d= Used in the study of compatibiliser effect

10
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(d)
Blend morphology 28398M3NEN09 NR/NBR 768721461139 5. (a) 10/90;
(b) 20/80; (c) 50/50; (d) 80/20
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2.3.3 NATANEINADDY viscosity ratio NiAD relative tensile strength UWaz phase

morphology
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ANMURFNWUEIENING  phase morphology ﬁ'umwnuﬁwﬁu’lugﬂmao relative tensile
strength G'fmamiugﬂﬁ 11 wuieafildluraaadastiufienaly naadle Tuszuueanan
h viscosity ratio =0.5 9z1#N relative tensile strength &N uazdl phase morphology i
dsznavluene NR dispersed phase fisluwiandinnis luszuufil viscosity ratio = 2.0
Tasamad1irziiae n dilution effect ninadalunisialonsnInaufisl viscosity ratic =0.5
wn 9rdaaiinsi@u liquid natural rubber (LNR) ad'ly "ﬂatﬂuﬁnﬂuﬁ’uﬁaguﬁ'z’h LNR
tﬂumo‘?inmi'ﬁa]'u'lé’s‘iﬁmmﬁaamnﬂm{wﬁfnTmaqaﬁn Usznaunudluenafilaifiia (non-
polar rubber)  lunaasanuTulun A suBIINENRAT viscosity ratio = 2.0 T 9@ 8l
N15L&N epoxidised liquid natural rubber (ELNR) "i‘ml.ﬂur_l’loﬁﬁﬁf‘lﬂ\ﬂﬂ ﬁaﬁﬂﬁs:uuﬁﬁ
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o
.
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31]1'71 10a Phase morphology 1 viscosity ratio = 0.
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(f) silane-treated silica

31]1"'1 15 (6i@) Phase morphology YD NHFLTNE TR LA uTRAA" 9: (a) unfilled
blend; {b) N220 carbon black; {c) N330 carbon black; (d) N660 carbon

black; (e) silane-untreated silica; (f) silane-treated silica
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Relative tensile strength
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Optical micrographs 783 NR/NBR blend '?‘n?m EPDM-g-MA: a) 0 phr;
b) 3 phr; ¢) 5 phr; d) 7 phr
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Ha1ad EOR-g-MA and EPDM-g-MA iiieip mixing torque

Torque of EOR-g-MA (7 phr) EPDM-g-MA (7 phr)
Compounds uncompatibilised Torque ATorque Torque ATorque
rubber .

(Nm) increased (Nm) increased
(Nm) (%) (%)
NR 9.2 11.7 +27.7 9.7 +5.4
NBR 21.0 192 -8.6 21.0 0.0
NR/NBR 13.0 15.2 +17.0 13.8 +6.0

(20/80)
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Va9 INARTIARLEUIINUS NI maleic anhydride ﬁgai‘fu wialudnmiewiliaunsonan
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Abstract

Rheological properties, morphology and oil resistance in NR/NBR blends has
been investigated as functions of biending conditions. It has been found that
Mooney viscosity of the blends depends more strongly on blending time than
rotor speed. Size of the NR dispersed phase is approximately independent of
rotor speed, but decreases with increasing blending time up to 25 minutes.
Further increase in blending time, NR dispersed phase size decreases.
Results of relative tensile strength which is an indicator for oil resistance in the
present study are in agreement with those of the blend morphology, indicating
that the oil resistance in 20/80 NR/NBR blend depends strongly on phase
morphology of the blend. The smaller the size of NR dispersed phase, the

higher the resistance to oil of the blend.

Key words: rubber blend, morphology, oil resistance, relative tensile

strength, mixing conditions, Mooney viscosity
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1. INTRODUCTION

Each polymer possesses its own advantages and disadvantages in
properties. For example, natural rubber (NR) has excellent mechanical
properties but relatively poor oil resistance, whilst nitrile rubber (NBR)
possesses those properties in an opposite trend. As a consequence, blending
these two rubber together is one of the best solution to achieve good both

mechanical properties and oil resistance.

Physical properties of polymer blends are generally controlled by many
factors including nature of the polymer, blend composition'® and blend

morphology.**?

It has also been known that the blend morphology can be
used as an indicator for determining the blend compatibility. Generally, the
smaller phase size of the dispersed phase indicates the better blend
compatibility of the system, resulting in the improved mechanical properties of
the blends."'® Speri and Patrick'® suggested that the relatively high impact
resistance of PP/EPR blends could be achieved in the blends with small and
narrow particle size and particle size distribution, respectively. In the similar
system, D'Orazio and co-workers' reported that the EPR particle sizes
ranging between 0.1 and 1.0 micron with an average diameter of 0.4 micron
are more effective for toughening PP than those between 0.1 and 0.5 micron.
The effect of average particle size on impact strength was found to be more

significant at low temperature. In CPE/PVC blends, the addition of epoxidized

natural rubber (ENR) could improve blend compatibility and thus mechanical
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properties.'® Likewise, tensile properties of LLDPE/NR biends have been
reported to be improved by the addition of liquid natural rubber (LNR)."
Oommen and Thomas'® revealed that the optimum values of mechanical
properties in NR/PMMA blends are obtained at the smallest domain size of
NR. Fortelny et al.® found that the notched impact strength of PP/EPDM
blends at rubber content lower than 15 % does not depend strongly on the
rubber particle size. At higher rubber concentration, the impact strength
decreases with increasing particle size. it is obvious that most of the previous
work deals mainly with tensile and impact properties. Therefore, in the present
study, the relationships between blending conditions (i.e. blending time and
rotor speed), phase size of the dispersed phase and oil resistance in NR/NBR

blend will be investigated qualitatively.

2. EXPERIMENTAL

2.1 Materials

Natural rubber (STR 5, Thailand) and nitrile rubber with an acrylonitrile
content of 35% (N230S, JSR), having Mooney viscosity (ML1+4 @ 100C) of
80 and 57 respectively, were used. Peroxide curing system was chosen in
order to minimise the possibility of non-uniform curative distribution in the

blends. In the present study, dicumyl peroxide (DCP) was used as a curing

agent.
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2.2Mixing procedure

The NR/NBR blend ratio by weight of 20/80 were chosen to ensure the
morphology with NR dispersed phase in NBR matrix. Before blending, NR
must be masticated to reduce the Mooney viscosity from 80 to 56 using a
Banbury-type internal mixer with a fill factor of 0.6, a circulating water of 40 °C
and a rotor speed of 55 rpm for 15 minutes. Thereafter, the masticated NR
and raw NBR were blended in the internal mixer with various mixing times of
15, 20, 25, 30, 40 minutes and rotor speeds of 40, 45, 55 and 60 rev min™.
DCP was charged to a mixer at a mixing time of 11 minutes after blending.
The mix was then sheeted on the cooled 2-roll mill and finally, compression

moulded into 2-mm thick sheets. Cure time used was 16 minutes (which gives

about 94 % cure calculated from half-life of DCP.

2.3 Rheological measurement

Rheological properties of the compounds were measured using Mooney
viscometer (Monsanto model 1500) with a large rotor at the test temperature
of 100 °C. The values of Mooney viscosity (ML 1+4 @100 °C) were

determined according to ASTM D1646-87 and reported in Mooney Unit. At

least 5 samples for each formula were used for a measurement.
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2.4 Moarphological study

The vulcanisate samples were cryogenically microtomed using glass knives.
The morphology of thin-sectioned samples was then observed using an

optical microscope that was connected to the image analyzer.

2.50il resistance measurement

The dumbbell-shape (punched out using Die C - ASTM D412-92) test
specimens were immersed in oil (Grena DX, Bangjak Petroleum, Co. Ltd.,
Thailand) at room temperature for 70 hours. Thereafter, the specimens were
removed from the oil and quickly dipped in acetone and blotted lightly with
filter paper in order to eliminate the excess oil on the specimen surfaces.
Changes in tensile strength of specimens after oil immersion were used to
determine oil resistance. In this study, the relative tensile strength, which is
calculated from the ratio of tensile strength of specimens after oil immersion to
that before oil immersion, was used in order to eliminate the mastication effect

caused by varying mixing time and rotor speed.

Tensile properties were measured using an Instron 4301 tensile tester with a

crosshead speed of 500 mm/min and a full scale load ceil of 100 kg in

accordance with ASTM D638.
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