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ABSTRACT

Compatibilization of thermoplastic elastomer blends containing polyethylene and
recycled rubber was studied. Two compatibilization methods, reactive and non-reactive,
were evaluated. 1-octene (EXACT 0210) was used as non-reactive compatibilizer.
Phenolic resins (SP1045 & HRJ10518) were reactive agents. There existed optimal
composition of compatibilizers which were 5% and 10% weight in case of reactive and
non-reactive agents respectively. Octene-compatibilized blends gave high tear strength
while resin-compatibilized mixtures gave high tensile strength in comparison with
reference material. Comparison in compatibilizing capabilities HRJ-10518 and SP-1045
was carried out. The former one had better capabilities than the latter. Talcum was used
as anti-agglomeration agent but it failed to work properly. Rubber particle size had
substantial effect on mechanical strength in case of HRJ- 10518 based blends while no
remarkable influence was found in case of octene-based counterparts. Calendaring
pressure could be minimized without any adverse effect. Non-vulcanized rubber was
utilized to enhance tear strength but its effect was off-set by the degradation of
interfacial surface at high temperature. SEM analysis revealed homogeneous
microstructure in both kinds of compatibilization. EXACT 0210-compatibilized blends
showed more plastic deformation of the matrix than reactive blends. Stable connection

between phases was also observed.

Key words:

Recycled rubber, non-vulcanized rubber, polyethylene, reactive, non-reactive
compatibilization, 1-octene, phenolic resins, tensile properties, tear strength,

microstructure, rubber particle size, calendaring pressure
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ABBREVIATION

EVA Ethylene Vinyl Acetate
GTR Ground Tire Rubber

PE Polyethylene

PP Polypropylene

POE Poly Olefin Elastomer
PVC Polyvinyl chloride

SBR Styrene Butadiene Rubber
SRP Synthetic rubber powder

TPE Thermo Plastic Elastomer



I. INTRODUCTION

I.1. Recycling of tire rubber

Rubber is an important raw material that plays a leading role in modern civilization.
To realize their full potential, all rubber compounds have to be cross-linked, resulting in
a polymer network with various cross-linking structures including monosulfidic,

disulfidic, or polysulfidic cross-linked units.

Among the broad use of cross-linked rubber, automobile and struck tires represent
the bulk of the rubber use. With the global continuous demand for automobiles
especially in developing countries like China and India, waste tires are accumulated in

large quantities.

Discarded vulcanized rubber tires now account for 3% of the weight of all municipal
refuse and are one of the fastest growing forms of reused (Sadhan, 2005). Worldwide,
1.2 billion waste tires, approximately, are generated every year with the majority being
dumped or stockpiled. The United States generates over 240 million waste tires every
year and the number of tires in the country’s stockpiles is estimated to be more than 500
million, some experts estimated as much as 3 billion. Australia generates around 18
million every year with roughly 20 million stockpiled. Japan generates about 100
million every year with approximately the same amount currently stored in stockpiles.
In 2002, it was estimated that 250 million tires were disposed in Europe and an

estimated 3 billion were stockpiled (www.molectra.com.au).

The problem of recycling tires becomes apparent from the massive stockpiles
currently exist. Scrap tire dumping sites provide ideal breeding grounds for rats and

mosquitoes. In providing additional breeding habitats, scrap tire stockpiles also increase


http://www.molectra.com.au

dramatically the size of mosquito populations beyond what could be achieved in natural
breeding habitats (Scheirs, 1998). Stockpiles can also be fire hazard from time to time,
causing extensive atmosphere and ground pollution. Large quantities of aromatic
compounds such as benzene, toluene formed during these fires, are causing
environmental contamination. Waste rubber tires are also a source of valuable
substances that can be utilized for other applications. Therefore, the need to reclaim

rubber tires is quite apparent.

In year 2000, about 276 million scrap tires were regenerated, of which 273 million
were used in various markets as illustrated in Fig.1.1 (Sadhan, 2005). However, the cost
of energy recovery from tires is high, and the volume of retreating is declined.
Rubberized asphalts, although superior to regular asphalt in performance on long-term
basis, costs twice as much and has not reached popularity on a large scale (Mangaraj et
al. 1997). It is, therefore, important to develop technologically sound and cost-effective
methods for recycling rubber from scrap tires. Blending vulcanized rubber powder with
plastics producing thermoplastic elastomers (TPESs) has proved to be an economical and

effective solution.

Groundrubber, 8.9 Cut & Punched, 3.9

Tire-derivedfuel, 616

Agriculture &other
applications, 11.6

Figure 1.1: Application of reused tires (Sadhan, 2005) (Percent)



I.2. Thermoplastic elastomers (TPES)

Blending vulcanized rubber powder with plastics provides an economical way for
rubber recycling. Cutting, metal and fiber removal and size reduction are the essential
preliminary steps for getting ground rubber (GRT) prior to both blending and
devulcanization. Since devulcanization requires additional energy and processing, the

cost of GRT is substantially lower than that of devulcanized rubber.

The plastic acts as a continuous phase allows for melt processing of the TPEs,
whereas the dispersed rubber phase is responsible for rubber elasticity and other
elastomeric properties of the blends (Datta, 1996; Bhowmick et al 1993). A variety of
plastics are now commercially available, covering a range of cost. Thermoplastics such
as polyethylene (PE), polypropylene (PP) and polyvinyl chloride (PVC) are not only
cheap, but also available in a wide range of melt index and micro-structure, which can
be used for blending with recycled rubber. In practice, the most common thermoplastic

polymers are PE, PP and PVC.

In recent years, TPEs have replaced conventional rubbers in a variety of applications
including appliance, automobile industry, medical, engineering, etc. The molded
products could be used to produce artificial timbers for landscaping and to extrude more
durable slates for use in roof shingles. The rubber would protect the plastic from UV
light deterioration (Sadhan, 2005). The main applications of TPEs are in automotive
under-the-bonnet applications in three main areas: sealing, heat resistance and fluid
resistance. Polyolefin elastomer materials can also be used in front and rear bumper
fascias and instrument panels (Rapra Polymer Bulletin_www.rapra.net). Altogether, the
use of TPEs is growing faster than that of other elastomers or of polymers in general

because of the ability to control morphology by adjusting the polymer structure.


http://www.rapra.net

The major criteria for the formation of an thermoplastic elastomer is that the two
components must be thermodynamically incompatible enough to phase separate, but not
so dissimilar that intimate intermixing cannot be accomplished. This criterion requires
that the interfacial surface area between the two phases be maximized. In other words,
the domain size of the dispersed phase must be small so that it leads to limits on the
mismatch between the solubility parameters of the two components (Liu et al. 2002). In
order to achieve this condition, one or some compatibilizers should be introduced into
the system. As incorporated into the mixture, compatibilizers can reduce surface tension
between the matrix and the disperse phase by reducing the particle size. They can also

enhance adhesion between blend’s components (Brandrup, 1996).

1.3. Compatibilization

1.3.1. Backgrounds

The earliest theories of thermodynamics of polymer mixtures were introduced in
1941 by Flory, Huggins and Staverman (Datta, 1994). The main equation is the Flory-

Huggins-Staverman (FHS) expression for the free energy of mixing two polymers:

AG, @ @
no —Ling, +—2-Ind,+0,0,%
VRT v,N, V,N, v

(1.3.1)

Here V is the total volume of the sample, R is gas constant, T is the absolute
temperature, N, is the degree of polymerization of component i,  is called the Flory
interaction parameter. @, is the volume fraction of that component, v, is the molar
volume of its monomers, and o is an arbitrary reference volume. The first two terms

represent the combinatorial entropy of mixing, and the last term comes from the

interaction enthalpy or enthalpy of mixing.



Since most polymers of commercial interest have degrees of polymerization of 1000
or more, the first two terms representing the entropy of mixing are generally quite
small. Thus, the miscibility of polymers is largely determined by the value of y or
enthalpy of mixing. Moreover, the enthalpy of mixing, for most mixtures, is positive as

shown in equation 1.3.2 (Flory, 1953).

BT _(5,-6,F
,~ o) (13.2)

d: Solubility parameter

As a result, most polymers, including elastomers, are thermodynamically
immiscible with each other and their blends undergo phase separation, with poor
interphase adhesion between the matrix and dispersed phase (Grigoryeva et al. 2005,

Orr et al. 2001).

In a multiphase blend, much of the attention is placed on the interfacial region
between the phases where the interactions between phases occurs and the driving force
for the phase separation is located. This is generally expressed as an interfacial tension
between the phases. The mechanical behavior of the multiphase system also depends
critically on the characteristics of the interface and its ability to transmit stresses from
one phase to the other. Normally, the phase boundary is the weak point in the material.
Thus, the adhesion between the phases has an important influence on how the blend will
respond to stress (Datta, 1994). Poster and Sanchez (1981) developed a theory which

accounts for the interfacial tension of the blend:

y=vatrvs—W, (1.3.3)



Where ya and yg are the surface tension of the two components and Wa is the work
of adhesion. This is y that tends to make the particles grow bigger in order to reduce the
amount of interfacial area per volume. In uncompatibized polymer blends the interfaces
are the most vulnerable locations to mechanical fracture. When subjected to mechanical
stresses, they most likely fail well before the individual components of the blend
(Harrats, 2004). With above-mentioned issues, it is certain that the direct introduction of
thermoplastics into rubbers usually causes a substantial decrease in their tensile
strength, especially, ultimate elongation as well as the agglomeration of dispersed

particles.

In order that a blend with satisfactory mechanical properties is to be achieved, it is
indispensable to introduce one or some compatibilizers into the mixtures.
Compatibilization can be described as a process that reduces the enthalpy of mixing or

making it negative. In this case, the roles of compatibilization are to (Sadhan, 2005):

Reduce interfacial energy and improve adhesion between phases by
accumulating at the boundary layers, thus, diminishing the dispersed phase’s

particle size.

e Obtain finer dispersion during mixing. The optimum size is from 0.5pum to 1pm.

e Stabilize the fine dispersion against agglomeration during processing and

throughout the service life.

e Achieve a stable morphology that will allow smooth stress transfer from one

phase to the other and permit the product to resist failure under multiple stresses.

Localization of the compatibilizers at the interface displaces the homopolymers

away from each other and the direct contact between incompatible blend polymers,



consequently, is replaced by more compatible interactions between compatibilizers and
mixture components. This decreases the enthalpy of mixing between homopolymers,
which leads to a better compatibility between phases as well as a fine and more stable
morphology. In addition, each block of the compatibilizers will prefer to extend into its
compatible homopolymer to lower the block copolymer-homopolymer enthalpy of

mixing (Noolandi et al. 1982; Li et al. 2007).

Besides suffering an entropy loss as a whole because of confinement to the
interphase, there is a further entropy loss for the blocks of the compatibilizers arising
from the restriction of the blocks to their respective homopolymer regions. Finally,
extension or compression of the copolymer chains, as well as the effect of the excluded
volume at the interphase for the homopolymers, leads to further loss of entropy
(Noolandi et al. 1982). This entropy loss accompanied by lower enthalpy of mixing,

results in low or even negative free energy of mixing.

The introduction of compatibilizers also promotes the formation of relatively thicker
interface layer, permitting applied stress to transfer between phases and leading to a
uniform stress distribution when blends are broken which may increase the toughness of

the blends (Li et al. 2007).

There are some requirements for an appropriate compatibilizer. First of all, its
structure has to be as simple as possible. A compatibilizer usually has only a short time
to accumulate at the boundary surface and penetrate into the matrix and into the
dispersed phase. It should be from the above-mentioned requirement that simple
compatibilizers such as diblock copolymers and single graft copolymers are the most

effective. In case of diblock copolymers, one of their blocks has affinity for polymer A



and the other block for polymer B. In case of graft copolymers, the main chain mixes

with one phase and the grafts with the other in Fig.1.2.

A compatibilizer must not either be highly miscible with any of the homogeneous
polymers, since this would lead to damage to the bonding point at the boundary surface.
Finally, the molecular weights of the blocks of the compatibilizers and the molecular
weights of the corresponding homogeneous polymers must be approximately equal in

magnitude (Brandrup, 1996).

PR
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Figure 1.2: Various copolymer grades at the boundary layer of two polymers

1.3.2. Non-reactive compatibilization

When choosing a compatibilizer, compounders must first select one that matches the
polymers in the blend. Non-reactive compatibilizers should have a good viscosity match
or, ideally, be partly miscible with one of the blend components (Plastics Additives &
Compounding, January/February 2004). In physical blending the compatibilizing agent
is chemically synthesized prior to the blending operation, and subsequently added to the
blend components as a non-reactive component. Owing to its chemical and molecular
characteristics, the added agent is able to locate at the interface, reduces the interfacial
tension between the blend components, and promotes adhesion between the phases.

Non-reactive blending is convenient for fundamental analysis because of its well



defined molecular characteristics of the added compatibilizing agent. Correlation
between the compatibilization efficiency of the copolymer and its molecular

characteristics is merely established.

Compatibilizers should have the solubility parameter in the range of that of blend
components. Ones have solubility parameter lower than that of homopolymers will
either remain completely soluble within the matrix or will be non-polar, hydrophobic in
nature. These both cases will not enhance the hygroscopic characteristics of the inner
surface. Hahn, 2007 studied the solubility of tire rubber and indicated that tire
elastomers have solubility parameters ranging from 16 to 17.5 (MPa*?). Thus, good
compatibilizers should have solubility parameters in that range in order to be able to

migrate to the interface and form strong adhesion with blend components.

Li et al. 2004 confirmed that the addition of compatibilizer EVA or POE increases
the impact strength and elongation at break of the high-density polyethylene (HDPE)
and SRP composite, and with increasing elastomer POE and EVA content the impact
strength and elongation at break increase, but the tensile strength decreases as illustrated

in Table 1.

Phinyocheep et al. 2002 indicated that the Charpy notched impact strength increased
approximately 70% for polypropylene/midsole rubber/SEBS-g-MA compound and 86%
for polypropylene/outsole rubber/SEBS-g-MA compounds in comparison with non-

compatibilized mixture of polypropylene and rubber.



Table 1: Mechanical properties of HDPE and HDPE/ SRP composites (Li et al. 2004)

Composition Impact energy | Tensile strength | Elongation at break
(J/m) (MPa) (%)

HDPE 552 28.0 800

HDPE/SRP 60/40 173 121 33

HDPE/EVA 60/40 No break 13.7 736

HDPE/POE 60/40 No break 14.8 890

HDPE/SRP/EVA 151 11.8 50

60/30/10

HDPE/SRP/EVA 175 11.2 82

60/20/20

HDPE/SRP/EVA 195 10.9 508

60/10/30

HDPE/SRP/POE 234 12.3 66

60/30/10

HDPE/SRP/POE 417 121 129

60/20/20

HDPE/SRP/POE No break 12.0 610

60/10/30

1.3.3. Reactive compatibilization

Unlike non-reactive compatibilization, reactive methods require that compatibilizers
and blend components possess a reactive counter-group which can form in-situ covalent
bonds. The in-situ formed compatibilizing agent (block or graft copolymer, cross-linked
species, ionic associations, etc.) reduces the interfacial tension between the immiscible
blend components, enhances the adhesion between the phases and, as a consequence,

imparts to the blend acceptable mechanical properties (Harrats, 2004).

10




The functional groups should be selected so that the interfacial reaction occurs
within the time frame tolerated for the processing operation (in a few minutes). The
generated inter-chain bonding must be stable enough to survive the thermal and
shearing treatment during the process of blending. Because of the limited yield of the
interfacial reaction and low molecular diffusion (high viscosity of the reaction medium),
highly reactive groups are required (Harrats, 2004). As a result, the kinetics and yield
aspects of the interfacial reaction in reactive compatibilization are of importance, thus,
each blend system has its own experimental conditions such as mixing time, mixing
temperature, screw design, molecular weight and reactive group content of the

precursors.

Reactive compatibilization has several advantages, mostly economical, over the

physical compatibilization:

a. The copolymer is made as needed during the melt-blending process and a separate

commercialization of a copolymer is not required.

b. The copolymer is formed directly at the interface between the immiscible
polymers where it is needed to stabilize the phase morphology developed. In contrast,
when a compatibilizing copolymer is added as a separate entity to a blend, it must
overcome the viscous forces and diffuse to its expected location at polymer-polymer
interface. It may, however, form micelles as a separate phase that is useless for

compatibilization.

c. Another fundamental advantage of in-situ copolymer formation is that the
molecular weight of each of the two distinct polymeric segments in the copolymer is
usually the same as that of the individual bulk polymer phase in which the segment

must dissolve allowing, thus, for a maximum interfacial adhesion.

11



The main disadvantages of reactive blending reside in the need to have reactive

functional groups on the polymers to be compatibilized and the copolymer formed in-

situ in the reactive blending is more difficult to separate and characterize.

Harrats,

2004 mentioned some common reactive groups

compatibilization which are given in Fig.1.3.

Figure 1.3: Reactive groups commonly used in reactive compatibilization (Harrats, 2004)

epoxide # COOH
)
{.,;ff
Y a
0
C !
N —N=C=0
=0
anhydride oxazo line isocyanate
0
—N=C=N_-R
epoxide carbodiimide

reactive

Various studies relating to reactive compatibilization of rubber and thermoplastics

have been carried out in recent years. Coran et al. 1983 studied the reactive

compatibilization of polypropylene and nitryl rubber by using octyl-phenol

formaldehyde as compatibilizer and achieved blends with good mechanical properties.

A mechanism of reactive blending was also proposed from Fig.1.4.

12
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Figure 1.4: Proposed mechanism of reactive compatibilization of nitryl rubber with

polypropylene (Coran et al. 1983)

Liu et al. 2002 compatibilized polypropylene and EPDM, using octyl-phenol
formaldehyde (SP1045) and t-butyl hydro-peroxide as compatibilizers. He indicated
that reactive blending dramatically increased the stress capability up to 80% in
comparison with non reactive blending of the same composition blends from Fig.1.5.

Nakason et al. 2006 studied the dynamic vulcanization of natural rubber/high-
density polyethylene blends, using phenolic resins as reactive compatibilizers. In this
case, tensile strength was substantially higher than that of non compatibilized counter

parts as shown in Fig.1.6.

Naskar et al. 2002 used maleic anhydride and dicumyl peroxide to compatibilize
GTR with high density polyethylene. He confirmed that, by maleation, the
hydrophilicity of GTR was enhanced and the surface energy of GTR was increased.

Tensile strength and modulus of the blends were enhanced, consequently.

13
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Figure 1.5: Tensile properties of EPDM-1/PP-4011 blends illustrating effect of reactive
blending (Liu et al. 2002)
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Figure 1.6: Tensile properties of thermoplastic vulcanizates of 60/40 NR/HDPE blends with
various types of blend compatibilizer (Nakason et al. 2006)
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Il. OBJECTIVES

The scope of this thesis is to study the possibility of compatibilizing polyethylene -

recycled rubber blends by using various compatibilizers. Namely:

1. Studying the non-reactive compatibilization capability of n-octene and reactive
compatibilization of octyl phenol formaldehyde (SP-1045) and phenolic resin

with active hydroxymethyl groups (HRJ-10518).

2. Evaluating the mechanical properties and microstructures of the obtained

thermoplastic elastomers.

15



I11. MATERIALS AND METHODS

111.1. Materials

e Recycled rubber with two different particle sizes of 0.4 and 1.2 mm was

provided by ReRub AB, Pitea, Sweden.

e Low density polyethylene, CC8207, was provided by Borealis A/S, Denmark

(detailed data sheet is listed in appendix A)

e COctene -1 Plastomer, EXACT 0210, was manufactured by DEX-Plastomers

V.0O.F, The Netherlands (detailed data sheet is listed in appendix B)

e Phenolic resins SP-1045 and HRJ-10518 were supplied by SI Group- Bethune

SAS- France (Appendix C).
e Zinc oxide extra pure was provided by Sigma-Aldrich, Germany
e Tin chloride 98% was provided by Sigma-Aldrich, Germany

e Two reference materials, recycled Rosehyll polymer and non-recycled butylgum

were provided by ReRub AB, Pited, Sweden

e Mixing machine was Plasti-Corder® PLE 650 model from Brabender® GmbH &

Co. KG, Germany

e Hot pressed machine was FW-2200 type from P.h.i Pasadena Hydraulics, Inc,

USA

e Tensile testing machine was Instron® 4411 from Instron, England

16



111.2. Methods
111.2.1. Specimens producing

111.2.1.1. Raw materials preparation

30 grams of blend containing different percentage of recycled rubber, polyethylene,
compatibilizer and additives was used for each batch (Appendix D). Otherwise stated,

recycled rubber used in this study was 0.4 mm type.

When non-vulcanized rubber was used (Section 1V.5), recycled rubber and non-
vulcanized rubber was mixed together before added into mixing chamber. Mixing

temperature, then, increased to 175°C.

111.2.1.2. Specimen preparation

The mixing machine Plasti-Corder® PLE 650, Brabender was heated to 135°C and

kept constant before used. The rotating speed was maintained at 70 rpm.

Polyethylene was first introduced into the mixing chamber. When it was totally
melted, compatibilizer and rubber were added consecutively. In case of reactive
compatibilization, reactive compatibilizers and other chemicals (Table 2) were
incorporated into the mixing chamber as the mixing schedule shown in Table 3. The
blend, then, was mixed in 10 minutes and compression molded at 135°C, 25 MPa in 5
minutes into sheets approximately 1.5 mm thick with FW-2200 hot pressing equipment.

Finally, the resulting sheet was cooled down quickly by cold water to room temperature.

When non-vulcanized rubber was used (Section 1V.5), mixing temperature was

increased to 175°C. Other parameters remained unchanged.
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111.2.2. Testing procedures
111.2.2.1. Tensile strength testing

The produced sheet was cut into desired specimens under ASTM- D412-06a
standard using standard dumbbell die C (Fig.3.1). Specimens, then, were mounted on
Instron® 4411 tensile testing equipment between two mechanic grips. The initial
distance between the two grips was 70 mm. The testing standard was ASTM-D412-06a

using the load cell of 500 N and loading speed of 500 mm/min.

During the test, the room temperature and humidity were in the range of 21°-23°C

and 27%-35% respectively. Tensile data were averaged over at least five specimens.

Table 2: Compounding formulation used to prepare rubber/PE blends

Ingredient Quantity
Rubber 60 %w- 90 %w
Polyethylene 5 %w- 15%w
Comepatibilizer 2 %w- 25%w
ZnO (for reactive compatibilization only) 3 phr
SnCl, (for reactive compatibilization only) 1.5 phr

Table 3: Mixing schedule (descending order)

Ingredient Mixing time (mins)
Polyethylene 2
Compatibilizer 1
ZnO (if used) 1
SnCl, ( if used) 1
Rubber 10
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111.2.2.2. Hardness testing

The test was carried out under ASTM-D2240 standard using hardness Shore A.
Standardized hardness-measuring equipment using a sharp needle was applied directly
onto the surface of specimens to measure hardness. Data were averaged over six

different positions.

111.2.2.3. Tear strength testing

Analyzed mixture was cut into required specimens according to ASTM-D 624-91
standard using standard die T (Fig.3.2). Specimens, then, were mounted on Instron®
4411 tensile testing equipment between two mechanic grips. A load cell of 500 N was

used. Loading speed of 50 mm/min was maintained during the test.

Tear strength data were averaged over at least five specimens.

111.2.2.4. Compressive set testing

The test was carried out under ASTM-D 575-91 standard. Round shaped specimens
were pressed under the force of 3 kN in 3 minutes. A load cell of 5 kN was used.
Crosshead speed was kept at 12.5 mm/min. The percentage change in specimen’s

thickness was, then, measured.

111.2.3. SEM analysis

Tensile, tear and cut surface of specimens were analyzed by scanning electron
microscope SEM, model JSM 6460LV from JEOL Ltd, Japan. A thin film of gold was
applied on the specimen surfaces before analysis. Then, secondary electron images SEI

were recorded. Working voltage was kept at 20 kV.
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IV. RESULTS AND DISCUSSION
IV.1. Non-reactive compatibilization

In a previous study author used EVA and Kraton-G as physical compatibilizers for
rubber/ polypropylene blends. The values obtained in this study were used to compare
with the compatibilizing capability of 1-octene (EXACT 0210) under the same

experiment conditions. Values were illustrated in Fig.4.1.
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Figure 4.1: Comparison of mechanical properties between EVA and EXACT 0210
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It can be seen from the figure that using only EXACT 0210 did not give the
blend satisfactory mechanical properties. It was indispensable to use polypropylene to
achieve desired mechanical strength. EXACT 0210 had better capability of
compatibilizing rubber/polypropylene blends than EVA. Namely, EXACT 0210
increased the tensile strength 45% (4.43 vs. 3.02 MPa), Young modulus 90% (40.62
vs. 21.37 MPa). Elongation at break was also enhanced about 30% (52% vs. 40%).
Tear strength of blends containing EXACT 0210 were similar to that of blends
containing EVA. Therefore, EXACT 0210 was a more suitable compatibilizer than

EVA under given experimental conditions and available stock materials.

The compatibilizing effect of EXACT 0210 on rubber/ethylene blends was also
carried out. In this case, a commercial recycled TPE from Rosehyll Polymer was the

reference material. Mechanical values were shown from Fig.4.2 to Fig.4.7.
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Figure 4.2: Tensile strength of rubber/PE blends compatibilized by EXACT 0210
(The dash line represents value of recycled reference material)
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Figure 4.7:
Stress-elongation relationship of rubber/PE blends compatibilized by EXACT 0210

It could be seen that Young modulus and tear strength of the blends were improved
with increasing concentration of compatibilizer and polyethylene. In case of 15%
polyethylene, the blends had higher Young modulus and tear strength than those of
reference material when the concentration of compatibilizer was more than 12% weight.
But in case of 5% polyethylene, the blends’ tear strength was lower than that of
reference material even at high compatibilizer composition (25% weight). Thus, it could
be concluded that higher polyethylene content must be used in order that the blends

achieved desired tear strength.

We could also see from Fig.4.2 and Fig.4.3 that there existed maximum values in
tensile strength and elongation at break which were 10% EXACT 0210 (in case of 15%

polyethylene) and 20% EXACT 0210 (in case of 5% polyethylene). That is, there
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existed critical volume of compatibilizer for each blend component. This phenomenon

was also reported in other studies (Noolandi et al.1982; Favis et al.1994; Li et al.2007).

The obtained maximum values were due to the fact that dispersed phase had reached

critical domain size which could be ascribed to the balance of viscous forces tending to

break the dispersed drop, and interfacial tension forces tending to resist deformation and

disintegration (Favis et al. 1994). Noolandi et al.1982 proposed that when the

concentration of the compatibilizer became sufficiently high, micelle formation would

be energetically favorable, thus, the concentration of compatibilizer in the interphase

region could be expected to remain approximately constant, with the interfacial tension

correspondingly unchanged. Another possible mechanism for maximum values in

tensile strength and strain at break might be the formation of a compatibilizer multilayer

structure in the interphase (Cantor, 1981). Thus, in stead of going into a single layer at

the interface, resulting in a higher volume fraction, the additional compatibilizer might

simply form additional lamellae. The effective interfacial tension would then remain

more or less constant.

Analysis of stress- strain relationship from Fig.4.7 indicated that blends containing

15% polyethylene and 10% EXACT 0210 had the closest tensile properties to the

reference material. However, their tear strength was lower than that of reference

material from Fig.4.5. Hence, there should be a compromise between tensile properties

and tear strength of rubber/ polyethylene blends compatibilized by EXACT 0210.
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0.3 gram (1%w) of talcum was added into the mixture with the hope of enhancing
the anti-agglomeration capability of the compatibilizers as suggested in a report from
Citco Waren-Handels GesmbH. Results were compared with no talcum containing

counterpart. Fig.4.8.
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Figure 4.8: Effect of talcum on the mechanical properties of
75% Rubber +15% PE + 10% EXACT blends

As illustrated in Fig.4.8, Talcum did not enhance the anti-agglomeration as
previously thought. In stead, it destroyed the interfacial surface causing deterioration in
tensile properties of the blends. Further more; specimens became less rubber-like with
elevated Young modulus as compared to non-talcum TPEs. This conclusion is identical
with another study on EPDM rubber/polyethylene blends carried out under the same

condition by Li, 2008.
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IV.2. Reactive compatibilization

In this section, rubber/PE blends were compatibilized by two reactive phenolic resin
agents SP-1045 and HRJ-10518 in Fig.4.9.This was attributed to the phenolic resins
being capable of reacting with a trace quantity of un-saturated sites in polyethylene

molecules with one end via a methylol group (-CH,OH ). Also, another reactive

functional group (i.e., R’ = —CH,OH ) in the molecules reacted with double bonds in

the rubber molecules, forming Chroman ring structure as shown in Fig.4.10 (Nakason et

al. 2006) Therefore, the phenolic resins worked as a bridge connecting the thermoplastic

and rubber molecules. This led to higher mechanical strength of the TPEs prepared

using these two types of compatibilizer figures from fig.4.11 to fig.4.15.
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Figure 4.9: Molecular structure of reactive agents
A: SP-1045 B: HRJ-10518
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Figure 4.10: Possible reaction mechanism of reactive compatibilization

(From Nakason et al. 2006)
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29



=
©
o

= —— SP-1045
X 170 |
= —8— HRJ-10518
© 150

L
2 130 |

©
_g 110 |

S,

<
o
0 701

50
2,5 5 7,5 10
Compatibilizer percentage
Figure 4.12:
Elongation at break of rubber/PE blends compatibilized by reactive agents
(15 %w PE and the rest is rubber)

28

© —e—SP-1045

O o i

= ——-HRJ-10518

~ 2]

%)

S

= 161

o

O 12|

=

O 84

c

3«

>_

0
2,5 5 7,5 10

Compatibilizer percentage

Figure 4.13:
Young modulus of rubber/PE blends compatibilized by reactive agents
(15 %w PE and the rest is rubber)

30



=
o

'E‘ —— SP-1045
E g ——HRJ-10518
=
=
o
c
g .
%]
S
()]
|_
0
2,5 5 7,5 10
Compatibilizer percentage
Figure 4.14:
Tear strength of rubber/PE blends compatibilized by reactive agents
(15 %w PE and the rest is rubber)
%0
85
) |
@ —
O]
_g 75 |
S
T 70
e | ——SP-1045
——-HRJ-10518
60
2.5 5 7.5 10

Compatibilizer percentage

Figure 4.15: Hardness of rubber/PE blends compatibilized by reactive agents

(15 %w PE and the rest is rubber)

31



Like non-reactive compatibilization in previous section, a critical composition of
compatibilizers was also encountered. Tensile properties and tear strength of the blends
gradually decreased when the composition of compatibilizers exceeded 5% weight.
Furthermore, resulting blends became less rubber-like with elevated Young modulus
and hardness. These were due to the fact that all available unsaturated sites in rubber
and polyethylene molecules were used up by methylol groups present in

compatibilizers.

It was also clear to see that HRJ-10518 was better than SP-1045 in terms of
compatibilizing capabilities. Stress at break, elongation at break and tear strength of
blends compatibilized by HRJ-10518 were 10 to 50% higher than those of blends
compatibilized by SP-1045. Another advantage of HRJ-10518 was its ability to preserve
rubber like characteristics of the resulting blends at higher concentration of
compatibilizers by keeping Young modulus and hardness reasonably low in comparison

with SP-1045.

The above difference between SP-1045 and HRJ-10518 came mainly from their
molecular structure in Fig.4.9. Although both are phenolic resins, SP-1045 possessed
more complex structure with ether group in molecule while HRJ-10518 did not. It was,
thus, easier for HRJ-10518 to reach interfacial surface and react with un-saturated sites.

Furthermore, HRJ-10518 is a fast curing agent as mentioned by the supplier.

Comparison between non-reactive agent (EXACT 0210) and reactive counterpart

HRJ-10518 was carried out and results were illustrated in Fig.4.16.
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Blends compatibilized with EXACT 0210 could achieve higher elongation at break
and tear strength than those ones compatibilized by reactive agent. Maximum stress at
break that an EXACT- compatibilized elastomer could possess was 175% while it was
only 150% in case of HRJ 10518 -based blend. Increasing EXACT 0210 content (higher
than 12 %w), one could increase tear strength of the resulting blends higher than that of
reference material while it was impossible to do so with reactive compatibilizers. In all
cases, tear strength of blends containing reactive compatibilizers was lower than that of
reference material. However, using HRJ-10518 could give higher stress at break than

that of reference material.

Higher tear strength in case of EXACT-based blends was owing to their higher
tearing energy which was proposed by Rivlin et al. 1953 and further validated by

Greensmith, 1963.

1oe

= _EE (IvV.1)

Where, T= tearing energy, t = thickness of the test specimen, 1= deformed length,

c= crack length, &= stored elastic energy density.

SEM images of tear surface of reactive and non reactive blends showed plastic
deformation on the surface of EXACT-compatibilized mixtures as shown in Fig.4.17
which indicated higher stored elastic energy density compared to the brittle fracture

surface of reactive blends.

Another reason for this difference was that HRJ-compatibilized blends had excess
crosslink density level provided by stable covalent bonds between compatibilizer and

blend components, making the matrix become too stiff and failure became brittle in
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nature (Agarwal et al. 2005). Lai et al. 2005 also implied that the less the elastomer is
cross-linked, the higher the value of fracture energy is. In this study, the rubber might

be fully cross-linked

Z B e

Figure 4.17: Tear surface of blends compatibilized by
A: EXACT-0210 B: HRJ-10518

In terms of compressive set, both reactive and non-reactive compatibilizers gave
blends similar compressive set with that of recycled reference materials. HRJ-10518
based mixtures preserved their elasticity somewhat better than their counterparts but the

difference was small.

In short, EXACT 0210 would be a good choice if high tear strength is desired and

reactive compatibilizers are indispensable when high stress at break is in need.

Controversial results were observed in another study by other member (Li, 2008) in
the same group with author. In this study, recycled EDPM rubber was the raw materials.
Under the same experimental conditions, Li, 2008 observed that blends compatibilized
by SP-1045 had higher mechanical properties than their HRJ-1045 based counterparts
from Fig.4.18. Furthermore, tensile properties of octene- based and resins- based

mixtures were very similar and no maximum value was found until 15% percent of
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compatibilizers. Finally, SP-1045 containing blends gave the highest tear strength
compared to the other compatibilizers. These controversies might derive from the

difference in molecular structure of rubber raw materials.
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Figure 4.18: Mechanical properties of PE/ EPDM rubber compatibilized by various
compatibilizers (15% PE and the rest is rubber) (From Li, 2008)

37



I\V.3. Effect of rubber particle size

Phinyocheep et al. 2002 and Jang et al. 1985 indicated that the smaller the rubber
particles, the better the mechanical properties of the blends and the optimum rubber
particle size should be in the range of 0.1 to 0.5 pm. Two rubber particle sizes (0.4 mm
and 1.2 mm) were used in this study to analyze the effect of rubber particle size on

mixtures’ mechanical properties. Results were shown in Fig.4.19 and Fig.4.20.

In case of EXACT, smaller particle did not affect tensile properties of the resulting
blends. Stress and elongation at break were very similar. However, there was some
decrease in tear strength (25%) and small increase in Young modulus (15%) with 0.4

mm rubber.

In case of HRJ-10518, smaller rubber size had substantial effect on tensile
properties of blends containing 15% PE and 5% HRJ-10518. Stress at break increased
from 6.0 MPa to 8.8 MPa or 47% and elongation at break rose from 148% to 154%
when rubber particle size was reduced from 1.2 mm to 0.4 mm. Young modulus also
jumped approximately 86% from 9 MPa to 16.7 MPa. Tear strength, however,

diminished 27% (from 12.7 to 10.1 KN/m).

In short, smaller rubber particle size reduced tensile strength but increased Young
modulus in both reactive and non-reactive compatibilization. As mentioned in section
V.2, EXACT 0210 would be a good choice if high tear strength is desired and reactive
compatibilizers are indispensable when high stress at break is in need. Thus, 1.2 mm
rubber would be a suitable option in case of EXACT- compatibilized blends and 0.4

mm rubber would be optimal for reactively compatibilized mixtures.
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IV.4. Effect of calendaring pressure

In above experiments, calendaring pressure was kept at 25 MPa. However, effect of
calendaring pressure on mechanical properties of resulting blends was also studied.
Results were shown in Fig.4.21. Statistical analysis on obtained results did not indicate
any remarkable change in mechanical properties when different values of pressure were
applied except a diminution in elongation at break at 2.5 MPa pressure which might due
to technical constrains of hot pressing technique which can be eliminated in practice
when calendaring process is replaced by extrusion. Thus, pressing pressure can be

minimized without any adverse effect on mechanical properties of rubber/polyethylene

blends.
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Figure 4.21:

Effect of pressure on the mechanical properties of Rubber/Polyethylene blends
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Figure 4.21 (continued):

Effect of pressure on the mechanical properties of Rubber/Polyethylene blends
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1V.5. Effect of non-vulcanized rubber

In an attempt to further increase tear strength of rubber/PE blends, some amount of
non-vulcanized rubber (10 parts per 90 parts of recycled rubber) was mixed with
recycled rubber with a hope that non —vulcanized rubber would provide more stable link
among recycled rubber particles as well as rubber-PE-compatibilizer connection

through vulcanizing process. Results were shown in Fig.4.22.
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Figure 4.22:
Effect of non-vulcanized rubber on tear strength of Rubber/Polyethylene blends

Although new rubber was already fully vulcanized at 175°C, tear strength of the
resulting blends did not enhance as hoped. In stead, tear strength felt sharply in case of
EXACT 0210 compatibilized mixtures and remained constant in case of HRJ-10518
compatibilized ones. This was because of the fact that, an increase in rubber-rubber
linkage did not sufficiently compensate for the diminution of rubber-PE compatibility

caused by interfacial surface deterioration at high vulcanizing temperature.
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IV.6. Microstructure analysis

Tensile and tear surface of various rubber/ PE blends were studied under scanning
electron microscopy (SEM). Both reactive and non-reactive compatibilizers used in this
study gave homogeneous microstructures as shown in Fig.4.23. However, EXACT
containing blends showed more plastic deformation of the matrix than did blends

compatibilized by reactive agents.

It was also seen that a good connection between the dispersed phase and the matrix

was established by employing compatibilizers (Fig.4.24)

Figure 4.23: SEM images of rubber/PE blends compatibilized by
A: EXACT 0210; B: HRJ-10518; C: SP-1045
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Figure 4.24: Phase connection of rubber/PE blends compatibilized by
A: EXACT 0210; B: HRJ-10518; C: SP-1045
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V. CONCLUSIONS

e 1-octene (EXACT 0210) was a more appropriate non-reactive compatibilizer than

were EVA and Kraton-G.

e 15% weight of polyethylene should be used in order that resulting blends were

strong enough to be applied in practice.

e There existed critical volume of compatibilizer for each type of compatibilizer. It
was 5% and 10% weight in case of reactive and non-reactive compatibilizer

respectively.

e EXACT 0210 would be a good choice if high tear strength is desired and reactive
compatibilizers are indispensable when high stress at break is in need as compared

to reference material.

e HRJ-10518 was better than SP-1045 in terms of compatibilizing capabilities. This
came mainly from their molecular structure. SP-1045 possessed more complex
structure with ether group in molecule while HRJ-10518 did not. It was, thus,
easier for HRJ-10518 to reach interfacial surface and react with un-saturated sites.

HRJ-10518 is also a fast curing agent.

e Talcum did not enhance the anti-agglomeration. In stead, talcum destroyed the
interfacial surface causing deterioration in tensile properties of the blends and
specimens became less rubber-like with elevated Young modulus as compared to

non-talcum TPEs.

e In case of EXACT 0210, smaller particle did not affect tensile properties of the

resulting blends. Stress and elongation at break were very similar. However, there
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was some decrease in tear strength (25%) and small increase in Young modulus
(15%) with 0.4 mm rubber. 1.2 mm rubber would be a suitable option in case of

EXACT- compatibilized blends

In case of HRJ-10518, smaller rubber size had substantial effect on tensile
properties of blends. Stress at break, elongation at break and Young modulus
increased when rubber particle size was reduced from 1.2 mm to 0.4 mm. Tear
strength, however, diminished 27%. 0.4 mm rubber would be optimal for

reactively compatibilized mixtures.

Pressing pressure can be minimized without any adverse effect on mechanical

properties of rubber/polyethylene blends.

When recycled rubber was mixed with non-vulcanized rubber and incorporated
into mixing chamber at vulcanizing temperature (175°C), tear strength felt sharply
in case of EXACT 0210 compatibilized mixtures and remained constant in case of
HRJ-10518 compatibilized ones. An increase in rubber-rubber linkage did not
sufficiently compensate for the diminution of rubber-PE compatibility caused by

interfacial surface deterioration at high temperature.

Both reactive and non-reactive compatibilizers gave homogeneous

microstructures.

EXACT containing blends showed more plastic deformation of the matrix than

did blends compatibilized by reactive agents.

Good connection between the dispersed phase and the matrix was established by

employing compatibilizers.
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VI. FUTURE WORK

e Agglomeration still occurs with TPEs. Appropriate anti-agglomeration agent(s)

should be studied and applied to the mixtures.

e More study should be concentrated on reducing the stiffness and increasing plastic

deformation of the matrix in case of phenolic resin based blends.

e More study should be carried out on tear mechanism of TPEs.

e Degree of cross-link in recycled rubber should also be studied.
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Appendix A

Low density polyethylene data sheet
. Polyethylene
Pigmented Compound (PE) for Extrusion Coating

Description
CC8207 is a pigmented Extrusion Coating grade. The incorporated pigments give the required light and

UV-barrier especially in those applications where instead of Al-foil, barrier polymers like EVOH are used.

The pigments and concentration are carefully selected so that the grey colour has a very close Al-foil

appearance. The overall light penetration can be reduced remarkably especially in the wavelength area of

400-700 nm. As such CC8207 can be used as light - and UV-barrier material.

CCB8207 is based on standard LDPE coating material therefore normal LDPE extrusion coating settings
can be selected. However, as for pigmented products in general, extrusion temperatures above 315 -
320°C should be avoided.

In case that CC8207 is stored for long period pre-drying before extrusion is recommended.

Physical Properties

Typical Value™ Unit Test Method
Density™ 920 kgim® ISO 1183
Melt Flow Rate (190°C/2.16 kg) 6.0 g/10 min ISO 1133
Pigments content 71 % BTM 14530
Maximum Coating Speed 450 m/min BTM 14921
Minimum Coating Weight 7 g/m* BTM 14922
Total Neck-In 72 mm BTM 14920

* Data should not be used for specification work.
**  Base resin density

Like all pigmented compounds CC8207 requires a clean die and careful operating to avoid non-uniform
appearance of the coating. The extruder should be purged with CA7230 before it is stopped.

Borealis A/S

Parallelvej 16

DK-2800 Kongens Lyngby (Denmark)
Telephone: +45 45 96 60 00

Fax : +45 459661 23 "’
www_borealisgroup.com ‘ BOREALIS
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Appendix B

EXACT 0210 data sheet

DEXPLASTOMERS

DSMJEEIQNNDIIL CHEMICAL JOINT VENTURE

EXACT 0210

Octene-1 Plastomer

Description and Attributes

EXACT®0210is an ethylene based octene plastomer,
produced in 3 solution polymerisaticn process using 3

DATA SHEET

Applications

Demonstrated applications include :

metallocene catalyst. « Housshold consumer goods
« High clarity PP moulded goods

EXACT 0210 is an effective and versatile blend partner e Closures

for other polyolefin polymers, providing : « Masterbatch carrier

. « Wire and cable compounds

+ Excellent PP compatibility ;

« High fexbiity « Highly filed compounds

« Outstanding toughness

« Excellent low-temperature flex-cracking resistance

* High clarity

General properties Units Typical values [1]  Method
Melt Flow Rate (2.16 kg/120°C) dg/mn 10.0 I1SO 1133
Density (23°C) kgim* 202 1SO 1133
_Shore D harcness - 37 150 288
_DSC peak melting point °C 95 ASTM D3418

DSC heat of fusion Jg 120 ASTM D3418
Vicat softening temp. (at 10 N} °C 7 1SO 308
Brittleness temperature °C <-73 ASTM D746
Moulded plaque properties [2]

Tensile strength at break MPa 28 IS0 527-2
Elongation at break % 1550 0 527-2
_Flexural modulus MPa 65 IS0 178
Notched Izod @ 23°Cand @ -40°C Jim No break ASTM D256
Envircnmenta’ siress crack resistance hr 100 ASTM D1693

[1] Values are typical and not to be interpreted as speciications.

[2] Specfics of compression moulded test specmen.
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Appendix C

SP-1045 & HRJ -10518 data sheet

\:

ECHNCAUBATASHEEMI -\ SI Group

SP-1045

DESCRIPTION

SP-1045 Resin is a heat reaclive octyiphenol-
formaldehyde resin which contains methylol groups. It
was specifically designed for the cure of lsobutylene-
lsoprene (Butyl) rubber by the resin cure system®. The
octyl group also makes SP-1045 Resin compatible with
elastomers, and can yield cements offering a wide range
of properties. In addtion, the methylol groups can be
used as functional sites for a variety of reactions.

SPECIFICATIONS

Propery Min  Max
Meiting Point, Capillary, {°F) 140 150
Softening Point, B&R, (°C) 80 95
Methylol Content, (%) 8 1
Color, Gardner, 64% in Toluene 1 [}

Test Methods Avaiable Upon Request

TYPICAL PHYSICAL PROPERTIES

Solubility Arcmatic; aliphatic; ketones; higher
alcohols; and naphthas.

Speciic Gravity 1.04

Physical Form Flake or Pastile

PACKAGING AND STORAGE INFORMATION

The standard packaging for SP-1045 Resin is multi-wall
paper bags at 25 kilegrams (55.1 pounds) net weight.
Best results will be noted when thic product ic stored in a
cool, dry place and used within one year of manufacture.

CURING BUTYL RUBBER

SP-1045 Resin, ussd in combination with halogen and
zinc deners, yields butyl vulcanizates with outstanding
resictance fo high heat and compression set. |n additicn,
these vulcanizates are non-blcoming, non-staining and
have high modulus values.

NMCOESD Rev (407)

$1 Group, Ing; Pesformance Resin Division

FORMULA FOR CURING BUTYL RUBBER

Following s a rudimentary test formulation which
demongsirates the cure of butyl rubber by the resin cure
sysiem. The resin should ke added on a 2-roll mill ot in
the last pass through @ mixer to prevent premature cure.

EXXON! Butyl 268 95 Paris

Neoprene W 5Parts

HAF Carbon Black 50 Parts

Zinc Oxide 5Pars

Castor Oil 5 Parts

SP-1045 Resin 10 Parts
APPLICATIONS

Resin cured butyl rubber, because of its versatility and
inherent czone resistance, has been employed in many
areas includng tre curing bladders, conveyor belts,
gaskets, and heat resistant packings.

*United States Patent No. 2,701,895 and others to
Uniroyal, Inc.

Registered frademark of Exaion Chemical Company
*Product of E. I. DuPent de Nemours

MATERIAL SAFETY DATA

For a current Material Safety Data Sheet (MSDS), please
contact SI Group, Inc. at productinfo@siigroup. com.

USA: 2750 Bellown Rced, Scheneclady, NY 12309, Tek +{518) 347 4200, Fax: {518) 382 5129, Website: www.sigroup.com

Tre nfereaton coetsines nesein 15 tus 803 acousete to he et of o knowecge. 31 Grous, Iac. msies o wavarty or
Iznct © be lzhen 22  fzeeze 12 0perale under, o recommendedon 0 Iviinge uzce, avy prieTs.

Dessn The

use of sey poducs

of sesats and

Bstiges fom e
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ECHCALBATASHEETMII ~*\ SI Group

HRJ-10518

DESCRIPTION
HRJ-10518 is 3 heatreactive resin made from octylphenol and
formaldehyde.  This resin tai ve hyd ethyl

(methylol) groups, and was deweloped specificaly to cue
natwal rabker. Many other unsaturated elastomers can ke
cured by HRJ-10518 via the resin cure system. HRJ-10518
was desigred fo provide a rapid curs at normal curing
temperatures, or to promok adeguate cwe at lower
temperatures.  HRJ-10518 can also ke used ‘o formudate
pressure  sensitive adhesives, ks, and thermoplastic
elastomers. The long alkyl chain erovides good compathilzy
with butyl, natwral, nitrile, polychlorogrene, EPDM, and other
elasiomers.

SPECIFICATIONS

P Mn | Max | TastMethcg
Mazng Point. Capilary, (°F) 140 | 150 | TOSMO1.0Y
Sofening Pore, BSR (*C) &0 @5 TO5M02.01
Mathyiel -] 9] TiTM01.02
Color. Gardner 4 8] ToaM01.03
Viscosity, Gardner-Hoidt A E | TOo2M02.08

TYPICAL PHYSICAL PROPERTIES

Sriysical Form Fiake
| Soedific Gravity 105
Solubizy Aromatic, aiphatic; ketones
higher alcono's ang napinas

CURING BUTYL RUBBER

HRJ-10518 Resin, usad in combination with catalysts such as
halde-bzarng elastomers and metalic chlordes, yields butyl
rdeber vulcanizates with outstanding resistance 1o high dry
heat and compression set. In addition, these vulcanizates are
non-biooming, non-siainng, and have high modulus values.

HRJ-10518 Resin cures faster and develoes modulus more
racidly than other commercial resins wsed for this pureose.
Care must be taken fo avoid g. It may be

%0 adjust resin andlor acozlerator avels to avoid this problem

UMIO0ED Rev & (1406

$1 Group, Inc; Performance Resin Divis

FORMULAS FOR CURING BUTYL RUBBER

Exxon Bulyl 268 1/100 2/
Neoprene W

Stannous Chlcride 5
nC 5
HAF Carbon Black 50
Castor Cil 5
HRJ-10518

SUGGESTED END USES

HRJ-10518 crosslinks rubter through C-C bridges. This results
in an inherent ozone-resistant and heat-resistant cured ruther
systam which has many end uses such as tre curing bags,
conveyor belts, gaskets, and heat-resistant packings. Due o its
high reacivity, HRJ-10518 is also a good choice for elastomeric
systems where an increased rate of cure or a low temgerature
cure cycle is desired, such as in tapes. Since HRJ-10518 has a
low melting pomt, it also bierds easily into rubker stock. In
addition, the solbility of this resn makes it 3 good choice for
cold-cut addition info adhesive soltions.

-

00
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STORAGE AND SHELF LIFE

Fallets showd never be stored double stacked. This product
should be stored where 1 tures do not d 35 °C (100

P

°F) for extended periods of time.

Flease note that resins of this tyee are known to solidify dwing
storage. While this does make handling more difficu, # does
rot defract from the gerfoomance of the resin in ds normal
application and is not considered justification for rejection or
return.

For bast results we recommend use of this resin within one year
of manufacturing date.

SAFETY & REGULATORY INFORMATION

For 3 current Material Safety Data Sheet (MSDS), please contact
$1 Group, Inc. at product info@siaroup. com.

USA: 2750 Belltown Roed, Seheﬂededy NY 12302, Tek +{518) 347 4200, Fax: (578) 332 5129. Wiebsite: www.siigroup.com

mmmcmmmbmmnommmusaumm & Groug, Inc. makes no wamarty or Jusrames of 22413 3% a3IUTES 1o cdigadons o batldes fom e wse
el This

of sny procucts

= mct 43 be teken se 8 licerse o opersie under, o recmmendsdan to Iviinge upon, aey seterts.
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Appendix D
Rubber tire composition and structure

Composition of a typical passenger tyre (%w) (Scheirs, 1998)

Composition % weight
Synthetic rubber (SBR) 27
Carbon black 28
Natural rubber 14
Oil extender 10
Organic fabrics 4
Steel wire (reinforcement) 10
Other chemicals 4
Fillers (S, ZnO) 3

Natural rubber molecular structure

= H5

HECNCHE

[soprene

SBR molecular structure

CH;—CH=CH—CH,CH, —CH——
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Appendix E

SAMPLE LIST
(% weight)
ID Rubber PE EXACT 0210 SP-1045 HRJ-10518 ADDITIVES
1 900 5 5 0 0 0
2 875 5 7.5 0 0 0
3 850 5 10 0 0 0
4 825 5 12.5 0 0 0
5 800 5 15 0 0 0
6 750 5 20 0 0 0
7 700 5 25 0 0 0
8 80.0 15 5 0 0 0
9 775 15 7.5 0 0 0
10 75.0 15 10 0 0 0
11 725 15 12.5 0 0 0
12 700 15 15 0 0 0
13 65.0 15 20 0 0 0
14 60.0 15 25 0 0 0
15 775 15 0 25 0 5
16 75.0 15 0 5 0 5
17 725 15 0 7.5 0 5
18 700 15 0 10 0 5
19 67.5 15 0 12.5 0 5
20 65.0 15 0 15 0 5
21 55.0 15 0 25 0 5
22 775 15 0 0 25 5
23 75.0 15 0 0 5 5
24 725 15 0 0 7.5 5
25 700 15 0 0 10 5
26 67.5 15 0 0 12.5 5
27 65.0 15 0 0 15 5
28 55.0 15 0 0 25 5
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Appendix F

Price list of materials (reference value only)

Material Price (per ton)
Low density polyethylene 1180 USD
Rubber-0.4 mm 600 USD
Rubber-1.2 mm 300 USD
EXACT-0210 1900 Euro
HRJ-10518 6070 Euro
SP-1045 5060 Euro
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