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ABSTRACT

In the present study, attempts have been made to modify Marble Sludge (MS) filled Ethylene-propylene-diene mono-
mer (EPDM) with Chloroprene rubber (CR). Compounding was carried out on a two-roll mill and vulcanized at 155°C.
The modified blend of MS filed EPDM/CR was characterized on the basis of the effect of blend ratio on cure character-
istics, mechanical and swelling properties of blends were investigated. The effect of thermal aging on mechanical and
swelling behavior in aromatic, aliphatic and chlorinated solvents of cured MS filled EPDM/CR blend was also exam-
ined. The minimum torque and maximum torque of the blend first increased and then slightly decreased after the in-
creasing of CR content in MS filled EPDM/CR blends. Scorch time, cure time, cure rate index, tensile strength, tear
strength, hardness increased with increasing CR content in the MS filled EPDM compound, but elongation at break,
resilience, abrasion loss, mole % uptake, swelling index and percentage of soluble fraction decreased, resilience, abra-
sion loss, mole % uptake, swelling index and percentage of soluble fraction decreases. Accelerated aging performance

of cured composites also influenced by increasing CR content in MS filled EPDM compound.
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1. Introduction

A blending of two or more polymers of physical or che-
mical means is to improve a variety of physical and che-
mical properties of the constituent polymers. The blend-
ing of rubbers plays an important role in enhancing the
physical properties of the final vulcanized product. The
rubber blends are frequently used in rubber industry to
obtain the best combination of compound properties,
processablity and cost. Ethylene-propylene-diene mono-
mer (EPDM) is obtained by polymerizing ethylene and
propylene with small amount of non conjugated diene,
which imparts usually good aging property, good wea-
thering, oxidation and chemical resistance, high mecha-
nical and electrical properties. Usually the blending of
EPDM rubber with other rubber have given the com-
pounds with good physical properties [1-12].

On the other side Chloroprene rubber (CR) is one of
the earliest synthetic rubbers. It was developed by the Du
Pond in 1931. Vulcanized CR has excellent oil resistance;
therefore CR remains an important material in the formu-
lations of rubber blends and composition. The difficulties
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encountered in the processing and vulcanization of some
rubber also emphasize the need for blending. Economic
reasons can also be given for blending since appreciable
price difference exists between different rubbers for exam-
ple the resistance of CR to ozone is excellent but its price
is high and accordingly blending of CR with cheaper
rubber is normally in practice for various applications
[13-16].

In recent years several investigations have been reported
on the replacement of carbon black with light or white in
color natural and mineral fillers such as silica sand [17]
clay [18] and calcium carbonate [19] as a result of the
high cost of carbon black and pollution problems.

Marble Sludge powder (MS) is very low cost inorganic
waste product of marble cutting the industry is passing a
menace and hence requires to be utilized for curbing en-
vironmental pollution. Attempts have been made to util-
ized marble waste for various purposes in cement & the
construction industry [20] and asphaltic concrete [21].
However very few attempts have been made to use as a
filler in rubber [22].

Therefore, significant research and development at-
tempts are being performed to investigate the possibility

AMPC



K. AHMED ET AL. 91

to use the marble sludge waste with the goal of reducing
cost and desired properties. Therefore, the major aim of
this investigation was to develop modified MS filled
EPDM/CR blend and characterized on the basis of the
effect of CR content in EPDM/CR blend. The studies
were involved Cure characteristics, mechanical proper-
ties and swelling behavior of CR ratio in MS filled
EPDM/CR blends. The mechanical tests include tensile
strength, elongation at break tear strength, compression
set, hardness, abrasion resistance and rebound resilience.
Swelling test was conducted by measuring the mole%
uptake, swelling index and percentage of soluble fraction
in three different solvents. The aging behavior of corre-
sponding MS filled EPDM/CR blend was also evaluated
at 100°C aging temperatures.

2. Material and Methods

2.1. Materials

Ethylene Propylene Dien Monomer rubber (EPDM as
grade Keltan 4703) Mooney viscosity [(ML ;.4 at 125°C)
65], ethylene content 48% ENB 9% was purchased from
local market.

Chloroprene rubber (CR) as Bayprenne based on 2-
chloro-1,3-butadiene was obtained from Rain bow rub-
ber industry Karachi.

Other materials used for the preparation of the com-
pounds were:

1) Zinc oxide;

2) Magnesium oxide;

3) Stearic acid;

4) Tetramethylthiuram disulphide (TMTD);

5) Mercapto benzo thiozole (MBT);

6) Sulphur.

All materials were commercially obtained from local
market. Toluene, n-hexane and carbon tetrachloride was
purchased from Merck. Marble waste as the dried marble
slurry powder was collected from marble cutting industry
washed, dried in oven then ground and passed through
desired 10 um sieves.

2.2. Methods

2.2.1. Compounding

The raw rubber such as EPDM and CR were first mas-
ticated on the laboratory open two roll mill (XK 160) for
ten minutes. The required amount of MgO was incorpo-
rated with CR on a two roll mill at first. Zinc oxide, stearic
acid and other rubber additives were added sequentially in
masticating EPDM rubber. Finally, CR rubber with mag-
nesium oxide was mixed with the EPDM rubber com-
pounds for another ten minutes. The mixing mill was
cooled by cold water circulation during the mixing of all
rubbers and rubber additives. The compounds were pre-
pared as per formulation given in Table 1 According to
ASTM method D 3182.

Copyright © 2012 SciRes.

Table 1. Compound for mulation.

Compound”
K K Ks Ky Ks Ks Ky
EPDM 100 975 95 90 85 80 75

Ingredient

CR 0 2.5 5.0 10 15 20 25

MS 60 60 60 60 60 60 60
ZnO 5 5 5 5 5 5 5
MgO 2 2 2 2 2 2 2
St. Acid 2 2 2 2 2 2 2

TMTD 0.8 0.8 0.8 0.8 0.8 0.8 0.8
MBT 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Sulpher 2 2 2 2 2 2 2
ML (dNm) 0.6 076 0.87 095 106 099 098
MH (dNm) 2.63 2.80 292 288 283 275 270
too (mint)  16.28 14.55 13.86 15.60 19.05 19.62 21.29
te (mint) 239 2,67 292 478 9.52 1091 13.88

CRI 7.2 841 915 924 1050 11.48 119

2.2.2.Curing

The aromatic characteristics, the minimum torque (M)
maximum torque (My) delta torque (AH) Cure rate index
(CRI), the cure time (tyg ) and scorch time (ts, ) were de-
termined using a Monsanto Moving Die Rheometer
(MDR 2000) according to ASTM method D 2084. Sam-
ples of about 6 gm of the respective compounds were
tested at a vulcanization temperature of 155°C. The cure
rate index is a parameter which indicates the speed of
curing reaction was determined from rheometric data.
CRI is calculated using the following relation.

100 ()
cure time — scorch time

CRI=

2.2.3. Vulcanization Process

Sheet of 2.5 mm thickness was compressed and molded
at 155°C + 2°C with 10 MPa force using a hot laboratory
press at the respective cure time (tgy) determined with the
MDR 2000.

2.3. Characterization of Blends

1) Tensile strength and elongation at break

Tensile strength (TS) and percentage of elongation at
break (% EB) were carried out in a tensile testing ma-
chine (Instron 4301) according to ASTM D 412 test
method using dumb-bell shaped test specimens at a uni-
form speed 8.33 mm-s', The failure properties were
calculated using the following equation.

TS (kgf/cm2 ) — Load failure @

Area of cross section
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9% EB = Displace at failure %100 3)

Effective gauge length

2) Tear strength

The tear strength of un-nicked 90 angle test specimens
were carried out as per ASTM D 624 under the same
condition of tensile strength testing. The following equa-
tion used for calculating the tear strength.

Tear str. (kgf/em) = W )
ickness

3) Hardness

The hardness of the blends measured as per ASTM D
2240 test method. Reported hardness values are the av-
erage of reading taken at five different locations on each
sample at room temperature.

4) Abrasion loss

Abrasion test was conducted using an ASTM D5963
test method. The abrasion resistance has been expressed
as relative volume loss mm. The test was conducted on
an Abrasion chick from Gibitre Italy.

5) Resilience

The resilience of the blends was measured as per
ASTM D2832. In this method, a plunger suspended from
a given height above the sample was released and the
rebound height was determined. The ratio of the rebound
height and original height is referred to as the resilience
and expressed as a percentage. The test was performed
on Rebound check from Gibitre Italy.

6) Thermoxidative aging

The thermoxidative aging characteristics of the vul-
canized blends were studied by aging for 96 hours at
100°C as per ASTM D573. The properties of accelerated
aging were measured after 24 hours of aging test. Tensile
strength, elongation at break, tear strength, resilience,
abrasion loss and swelling parameters of the blends after
aging to estimate aging resistance. Percentage of reten-
tion in properties of the specimens is calculated as below.

Value after aging y

% Retention = 100 ®)

Value before aging

2.4. Swelling Parameters

Swelling behavior was determined by the change in mass
using the following method. For cured rubber blends
vulcanized the test pieces of known weight (W,) were
immersed in toluene, n-hexane and carbon tetrachloride
in diffusion test bottles and kept at room temperature for
five days. Samples were removed from the bottles after
five days and the wet surfaces were quickly wiped using
tissue paper and re-weighted (W,). The test samples of
the blends were further dried in an oven at 60°C for 24
hours, cooled in a desiccator and immediately weighed
(W5). The swelling parameters of blends were calculated
by the following swelling data.

Copyright © 2012 SciRes.

1) Mol % uptake (Qy)

The mol % uptake of the solvent “Q,” for the MS filled
EPDM/CR blends was determined by the following
equation.

Q‘%z—(WZ_WWI)/WIXIOO (6)

2) Swelling index (SI)
Swelling index (SI) was calculated by the equation.

SI % = (W, =W, ) /W, x100 (7

3) Solubility %
Soluble fraction (SF %) was determined by the follow-
ing relation.

SF % = (W, =W, ) /W, 100 ®)

where:
W, = Initial Weight/dry weight;
W, = Swollen Weight;
W; = Deswollen Weight;
W, = Molar mass of Solvent.

3. Result and Discussion
3.1. Characterization of Marble Powder

The MS obtained from the scheme: The chemical com-
position of MS was determined using WDX-ray fluo-
rescence spectrometer (model S4 pioneer Bruker AXS,
Germany) is shown in the Table 2. It is evident from the
chemical analysis that MS contain the calcium and
magnesium compounds in large amount. Silica, aluminum
oxide and iron oxide also present but in small amount.
The values obtained for relative metal composition of
marble powder from Atomic Absorption Spectroscopy
(AAS) study are in close approximation with those
obtained from WDX-ray florescence spectrometer study.

Table 2. Quantitative analysis of marble waste using
WDX-ray fluorescence Spectrometer Model: S4 Pioneer
from braker-axs Ger many.

Component Wit%
CaO 68.6
MgO 22.13
Si0, 3.89
AlLOs 2.785
Fe, 05 0.603
Cr,05 0.24
ZnO 0.20
TiO 0.549
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The above observations indicate that the marble powder
is basically composed of calcium carbonate, magnesium
carbonate with small amount of silicate, aluminum oxide
and iron oxide.

3.2. Rheological Characteristics

The physical properties of rubber blends are also respon-
sible for the quality of rubber products for any use.
Therefore, it is necessary to study the rheological behavior
of the uncured rubber blends. Table 1 summarized the
rheological characteristics of EPDM/CR blends contain-
ing marble powder. The obtained data shows that the
increase in CR content in blends resulted in increasing
the minimum torque and maximum torque till the blend
ratio reached 85/15 after that the slight decrease in mini-
mum torque and maximum torque has observed. It can be
seen that the minimum torque which reflect the minimum
viscosity of the blends is affected by the increasing
amount of CR in the blend composition. The maximum
torque has the same behavior as to the minimum torque.
In addition the optimum cures time and scorch time
increased with the increasing of CR ratio in the blend
composition. It is obvious that maximum torque which
reflects the cross-linking behavior of the blends increas-
ing CR up till in ratio 85/15 after which it decreases. The
scorch time of MS filled EPDM/CR blends increases
with increasing the CR content in the blends and give
improved scorch safety with the addition of the CR. The
optimum cure time first decreased and then increased
with increasing CR content in the blends. The reason for
such increase in optimum cure time may be due to the
presence of CR content in blends, which increases the
relative site which require more time for cross linking in
rubber blends.

The calculated values of CRI are also given in this
table. The value shows that the CRI increases with the
increasing CR content in EPDM/CR blend composition.
This indicates that the CR as a polar in nature is a cure
activating compound in various EPDM/CR blends. The
increasing of CR amount increases the activating sites for
vulcanization.

3.3. Mechanical Properties

The studies of mechanical properties in rubber blends are
very important characterization. Variations in tensile
strength, elongation at break and tear strength with inc-
reasing the amount of CR in EPDM/CR blends are provided
in Figures 1-3 respectively. It can be seen that the lower
content of CR in EPDM/CR blends had lower values of
tensile strength as compared to higher amount of CR
present in blends low values for the tensile strength result
CR act as a coupling agent in the blends. The tensile
strength increased with increasing amount of CR in said

Copyright © 2012 SciRes.
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Figurel. Tensile strength of M Sfilled EPDM/CR blends.
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Figure 2. Elongation at break of MSfilled EPDM/CR blends.
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Figure 3. Tear strength of MSfilled EPDM/CR blends.
blends. The presence of polarity of CR is believed to play

a significant role in raising a good interaction and com-
patibility with EPDM in marble powder filled EPDM/CR
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blends. The tear strength also follows the same trends as
that of tensile strength. Elongation at break showed their
values gradually decrease with increasing CR content in
the blends. The decrease in the values of elongation at
break with increasing CR ratio in the blends is the result-
ing of higher cross linking.

The values of hardness of the marble powder filled
EPDM/CR blends shown in Figure 4 that no consi-
derable variation in hardness occurs. The hardness values
slightly increased due to the better interaction of CR in
EPDM rubber.

The abrasion loss test results for MS filled EPDM/CR
shown in Figure 5. It is clear that the abrasion resistance
of blends gradually decreases with increasing CR ratio in
the blends. The rebound resilience test results for MS
filled EPDM/CR shown in Figure 6. The rebound resili-
ence values also follow the same pattern. The low values
of abrasion and rebound resilience indicates improve-
ment in the CR with EPDM in particular blends.

Compression set is a measure of the ability of rubber
vulcanizes to retain their elastic properties after pro-
longed compression at constant strain under a specific set
of condition and its permanent set of rubber vulcanizes.
The poor performance of rubber compounds in terms of
compression set is attributed to uncross-linked chains,
which do not contribute to the permanent network and
are able to relax during the compression stage. The result
of compression set is also present in Figure 7. The
results of MS filled EPDM/CR blends show no signi-
ficant variation in their results. It is due to the effective
network chain or crosslink in the deformed state. The
lower values of blends indicate the best material for the
compression state.

3.4. Thermal Oxidative Aging

Figures 1-7 show the effect of thermal oxidative aging
on the physical and mechanical properties after aging and
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Figure 4. Hardness of MSfilled EPDM/CR blends.
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Figure 5. Abrasion loss of M Sfilled EPDM/CR blends.
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Figure 6. Rebound reslience of M Sfilled EPDM/CR blends.
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Figure 7. Compression set of M Sfilled EPDM/CR blends.
percentage of retention. The effect of blend ratio of MS

filled EPDM/CR blends as aging resistance which repre-
sented in terms of relative value at 100°C for 96 hours.
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The results show that regarding the blend ratio aging at
100°C leads to increasing the tensile strength till EPDM/CR
blends 80/20 and then further increasing the CR ratio in
blend leads to reduction in tensile strength. It is due to
the CR dilution in blend and double bond in CR which
loss reactivity to thermal oxidative degradation. The
elongation at break of MS filled EPDM/CR blends tend
to decrease with increasing CR ratio in blends. It is due
to the post curing effect. This effect is also seen in abrasion
losses and rebound resilience properties of blends. Similar
effects of post curing also found in hardness of the MS
filled EPDM/CR blends. Table 3 shows the Percentage
of retention of Tensile Strength, Elongation at break,
Tear Strength, Hardness, Abrasion Loss, Rebound Resili-
ence and Compression Set of MS with different EPDM/CR
ratio. The retention in tensile strength of the blends de-
creased with increase in CR content in blends. The reten-
tion in elongation at break increased with increasing CR

ratio in blends. This may be possible due to disturbance
the elasticity of rubber chain after aging, providing more
stiffness to the blends.

3.5. Swelling Parameters

The swelling measurement has been carried out for MS
filled EPDM/CR blends crosslinked at different blend
ratio. Toluene, n-hexane and carbon tetrachloride solvents
were used. The choice of these three solvent was based
on the fact that all the three solvents different from each
other. Toluene is aromatic. n-hexane is an aliphatic while
carbon tetrachloride is chlorinated solvent.

These solvents have different ability to dissolve or to
swell the cured rubber blends. The swelling results in
Table 4 show that the vulcanizates have more affinities
for toluene and n-hexane as compared to carbon tetrachlo-
ride. The compound contains only EPDM swell most in all
the solvents with the trend reducing as the concentration

Table 3. Percentage of retention for the tensile strength, elongation at break, tear strength, hardness, abrasion loss, rebound
resilience and compression set of MSwith different EPDM/CR ratio.

Percentage Retention

EPDM/CR
Tensile Strength Elongation at break Tear Strength  Hardness  Abrasion Loss  Resilience ~ Compression Set
100/0 118.0 65.95 101.6 102.6 91.0 106.3
97.5/2.5 109.98 72.70 106.12 100.97 91.28 101.49 104.16
90/5 108.0 76.3 113.5 101.3 91.5 104.9
80/10 107.29 76.97 110.25 100.95 102.06 102..06 105.36
85/15 106.9 76.5 108.6 102.5 92.2 106.0
80/20 103.0 79.0 106.0 102.0 93.3 106.9
75/25 94.7 82.1 89.3 102.3 91.6 108.8
Table 4. Swelling parameters of MSfilled EPDM/CR blends.
Mol % Up Take (Qr) Swelling Index (SI) Percentage Solubility
Solvent EPDM/CR Before AfFer % Retention Before Af_ter % Retention Before Af_ter % Retention
Aging Aging Aging Aging Aging Aging

100/0 1.43 1.41 98.6 1.32 1.30 98.48 6.50 5.85 90.00

97.5/2.5 1.40 1.38 98.57 1.32 1.30 98.48 6.21 5.58 89.85

95/05 1.41 1.33 94.32 1.30 1.23 94.61 5,63 4.41 78.15

Toluene 90/10 1.36 1.28 94.11 1.23 1.15 93.5 5.22 4.09 78.36

85/15 1.24 1.21 97.58 1.14 1.11 97.36 4.20 3.70 88.09

80/20 1.05 0.98 93.33 0.97 0.90 92.78 3.90 34 87.17

75/25 1.02 0.96 94.11 0.93 0.88 95.16 3.06 3.04 99.35

100/00 1.055 1.000 94.78 0.908 0.860 94.71 4.40 4.28 97.27

97.5/2.5 1.043 0.987 94.63 0.900 0.852 94.66 4.34 4.23 97.46

95/05 1.039 0.985 94.77 0.893 0.845 94.62 427 4.18 97.89

n-Hexane 90/10 1.00 0.958 95.8 0.881 0.835 94.77 4.07 3.94 96.8

85/15 0.996 0.966 96.98 0.856 0.831 97.08 3.57 3.40 95.23

80/20 0.963 0.957 99.37 0.828 0.823 99.39 3.36 3.12 92.85

75/25 0.888 0.840 94.59 0.764 0.723 94.63 3.16 2.88 91.13

100/0 0.828 0.735 88.77 1.276 1.132 88.71 6.67 6.02 90.25

97.5/2.5 0.828 0.744 89.85 1.272 1.13 88.83 6.46 5.8 89.78

95/05 0.825 0.719 87.15 1.270 1.108 87.24 6.35 5.64 88.81

tetr(;zﬂig‘rlide 90/10 0.818 0.710 86.78 1.255 1.09 86.85 6.17 535 86.71

85/15 0.807 0.695 86.12 1.243 1.071 86.16 6.10 5.18 84.92

80/20 0.752 0.643 85.50 1.158 0.990 85.49 5.74 491 85.54

75/25 0.687 0.633 92.14 1.056 0.975 92.15 3.90 3.66 93.84

Copyright © 2012 SciRes. AMPC
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of CR ratio increases, with the increasing of the CR
amount in the blends. The mole percentage uptake, swelling
index and solubility of cured rubber in solvent is decreased.
The lowest mole percentage uptake and swelling index
was reduced with the compound contain EPDM/CR
75/25 blend ratio. It means that the ratio of CR in MS
filled EPDM/CR blends increases the crosslinked density,
causing limitations in penetration of solvents into the
cured blends. It is also means that higher amount of CR
in cured blends resistance to penetrate the solvent into
the cured rubber blends.

It is also observed that the uptake of aromatic solvent
(toluene) is higher than aliphatic (n-hexane). Maximum
uptake was found with toluene followed by n-hexane and
carbon tetrachloride. In carbon tetrachloride, it was lower
in all the swelling results. It may be due to the higher
molecular weight of carbon tetrachloride as compared to
toluene and n-hexane.

The soluble fraction in different solvent also indicates
that the pure EPDM vulcanizate have maximum soluble
fraction. However the soluble fraction of other cured
blends decreased with increasing of CR ratio in the
blends.

The decrease in all swelling tests after aging for 96
hours at 100°C is expected to be related to the formu-
lation of excessive crosslinked structure which may due
to the post curing effect.

4. Conclusions

From the results obtained. It can be concluded.

The cure characteristics, mechanical and swelling pro-
perties of MS filled EPDM/CR blends mainly depend on
the blend ratio.

MS filled EPDM/CR blends tend to reduce of elonga-
tion at break, resilience, abrasion loss, mol % uptake,
swelling index and percentage of soluble fraction, but
scorch time, optimum cure time, cure rate index, tensile
strength, tear strength and hardness values shows the
opposite trend with increasing the CR content in MS
filled EPDM/CR blends. While minimum torque and
maximum torque of the blend first increases and then
decrease. The blend ratio not much influenced on com-
pression set properties. Accelerated aging behavior of
MS filled EPDM/CR blends also affected with changed
the blend ratio.

This study show that marble sludge powder can be
used as a cheaper filler in EPDM/CR blends for the low
cost of the final product in non-critical application area
like door mats, car mats, widow channels, tubing etc.
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