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ABSTRACT: In this paper, the main purpose of this paper is to study to simultaneously improve the loss
factor at room temperature and mechanical properties of bromobutyl rubber (BIIR) damping materials.
Although BIIR is beneficial for damping performance, restricts its use in a room temperature range because
of the tan 6 peak of BIIR is located at lower temperature region rather than room temperature. Acid modified
C5 petroleum resins and unmodified C5 petroleum resins were added to enhance the damping performance
of BIIR at a room temperature range. Acid modified C5 petroleum resins could accelerate the crosslinking
of BIIR. In addition, it was found that mechanical properties and the loss factor were improved compared to
the addition of unmodified C5 petroleum resin.
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I. Introduction

Damping materials are gaining increasing attention due to the growing demand for suppressing unwanted
vibrations and noise in the field of transportation, aerospace and ship [1-4]. Rubbers have often been used as
damping materials due to their unique viscoelastic properties [5-7]. Generally, vibration energy can be dissipated
into heat by the rubber when the time scale of vibration is comparable to that of rubber viscoelastic relaxation [8].
The damping performance of rubbers usually peak at or around the glass transition temperature (Tg), where the
softening of the rubber leads to a rapid decrease in storage modulus and an increase in the loss factor (Tand) [9].
However, the Tg of most rubbers is relatively low temperature [10], indicating that most damping rubbers can
only be used in low temperature ranges. Therefore, many approaches to developing damping rubber that can be
used at room temperature have been investigated [11,12].

The damping performance of rubbers is related to the groups on the rubber molecular chains. Strong
polarity and large number of side groups can effectively improve the damping performance of rubbers [13]. Butyl
rubber (IIR) containing large amounts of methyl groups can lead to the increase of relaxation resistance and
internal friction, which is beneficial for damping performance. However, its loss factor peak always occurs at low
temperature, which restricts its use in a room temperature range. Because of the unique molecular structure, dense
and symmetric side methyl group of 1R, its damping property can be adjusted by material modification, such as
blending, copolymerization, interpenetrating polymer network, and hanging chain structure [14].

Many approaches have been investigated to improve the Tand peak of IIR at room temperature. Among
these, blending with petroleum resin which has is an amorphous polymer with low molecular weights and its Tg
is higher than room temperature has been identified as the simplest and most effective method to produce IR with
loss factor at high temperature. For example, Yin et al. [15] found that the Tand peak of 1IR/petroleum resin blend
increases with the increasing content of C5 petroleum resin. Blend of C5 petroleum resin can adjust the Tand peak
of IR from low to high temperature, however, the mechanical properties decrease with the increasing content of
C5 petroleum resin. This indicates that C5 petroleum resin could inhibit the crosslinking of IIR and reduce its
modulus as well. It may due to that C5 petroleum resin are oligomers with molecular weight of 12000-2000 and
they have no active groups to react with crosslinking agents so that they cannot co-crosslinking with rubber. Thus,
mechanical properties of 1IR/petroleum resin blend vulcanizates decreased gradually.

We found the acid modified C5 petroleum resin (m-C5) that has active groups to react with crosslinking
agents and good compatibility with halobutyl rubber (Bromobutyl rubber or Chlorobutyl rubber). C5 petroleum
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resins with acid modified and unmodified were used in this study as adding components to enhance the damping
property of Bromobutyl rubber (BIIR). The effects of C5 petroleum resins with active groups on the damping
property and mechanical properties of BIIR are characterized. The damping property of the composite were
mainly characterized by rotational rheometer (ARES-G2, TA instrument, USA). In addition, the curing behavior
and mechanical properties were studied as well.

I1. Experimental

1. Materials

We used Bromobutyl rubber (BIIR), Bromobutyl 2244 (ExxonMobil, USA) with a bromine content of 2.0wt%
and mooney viscosity of 46(ML1+8, 125°C). C5 petroleum resin (C5) and acid modified C5 petroleum resin (m-
C5) (Kolon industries, Korea) with a softening point of 94~102°C were used to improve the Tand peak of BIIR at
room temperature. Calcium carbonate (CaCO3, Dongho Calcium Co., Korea) was used as a filler. Stearic acid
(St/A, LG chem., Korea) was used as a dispersing agent and accelerator activator. Zinc oxide (ZnO, Hanil
chemical Co., Korea) was used as a crosslinking agent. Formulations of the material were presented in Table 1.

Table 1
Basic formulations of the BIIR with various contents of petroleum resins.

Sample BIIR C5 m-C5 CaCo3 St/A ZnO
Control 100 0 0 30 1 S

C5-10 100 10 0 30 1 5

C5-20 100 20 0 30 1 5

C5-30 100 30 0 30 1 5

C5-40 100 40 0 30 1 S
m-C5-10 100 0 10 30 1 S
m-C5-20 100 0 20 30 1 5
m-C5-30 100 0 30 30 1 5
m-C5-40 100 0 40 30 1 S

2. Sample preparation

To prepare damping materials, 30 phr CaCO3 and 1 phr St/A were firstly mixed with BIIR on a two-roll mill.
Then, different dosage (10 phr, 20 phr, 30 phr, 40 phr) of C5 or m-C5 was added. ZnO was added at last. In the
end, we got composites of BIIR/C5 or BIIR/m-C5. They were cured at 160 °C for their optimum cure time (T o)
which was determined by RPA (rubber process analyzer) Elite produced by TA instrument.

3. Characterization

3.1. Curing behavior analysis

To evaluate the curing behavior of composites, the curing characteristic of the composites was tested by RPA elite
under the temperature of 160 °C. The curing characteristic can be obtained by the minimum torque (ML),
maximum torque (MH), and optimum cure time (T o).

3.2. Damping behavior analysis

To evaluate the damping property of cured composites, the dynamic mechanical analysis (DMA) was performed
on a rotational rheometer (ARES-G2) from —60 °C to 60 °C in a torsion mode, the heating rate was 3 °C/min and
the oscillation frequency were 10 Hz.

3.3. Mechanical properties tests

According to ASTM D 412, adumbbell-shaped specimen was prepared to measure mechanical properties of cured
composites. Tensile measurement was carried out using a universal tensile testing machine (UTM 3345, Instron,
USA) with a 500N load cell at room temperature with a cross-head speed of 500mm/min. Hardness was measured
by pressing the specimen using a Shore A durometer (Asker's model JIS K 6253, Japan) after overlapping the
specimen to thickness of 6mm according to ASTM D 2240.
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I11. Results and Discussion
1. Effect of C5 or m-C5 dosage on curing behavior
Cure curves and ATorques of composites were measured as shown in Figure 1 and Figure 2. Curing properties of
maximum torque (MH), minimum torque (ML), the difference between maximum and minimum torque (ATorque)
and optimum curing time (Too, time required for the torque to reach 90% of the maximum torque) were presented
in Table 2.
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Figure 1. Cure curves of BIIR with various contents of petroleum resins at 160°C: (a) C5, (b) m-C5
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Figure 2. ATorques of BIIR with various contents of petroleum resins at 160°C

Table 2
Cure properties of the BIIR with various contents of petroleum resins at 160°C.

Sample MH [Nm] ML [Nm] ATorque [Nm] Too [Min.]
Control 0.723 0.330 0.393 10.2
C5-10 0.600 0.274 0.326 10.8
C5-20 0.470 0.215 0.255 11.6
C5-30 0.379 0.185 0.194 12.9
C5-40 0.269 0.129 0.140 14.1
m-C5-10 0.665 0.304 0.361 9.4
m-C5-20 0.569 0.264 0.305 5.7
m-C5-30 0.507 0.231 0.276 4.5
m-C5-40 0.439 0.201 0.238 3.6

As the content of C5 increased from 0 phr to 40 phr, the Ty of composites was increased (Figure 1. (2)). It suggests
that the addition of C5 could inhibit the crosslinking of BIIR. It may due to that C5 has no active groups to react
with crosslinking agents so that they cannot crosslinking with BIIR. As the content of m-C5 increased from 0 phr
to 40 phr, the Tgo of composites was decreased (Figure 1 (b). It indicates that the addition of m-C5 could accelerate
the crosslinking of BIIR. It may due to that m-C5 has active groups to react with crosslinking agents.

As can be seen in Figure 2 and Table 2, as the content of petroleum resins increased from 0 phr to 40 phr, the
ATorque of composites was gradually decreased. This may be attributed to the presence of petroleum resins with
molecular weights of 1000~2000. The smaller Atorque change observed with the addition of m-C5 compared to
C5 is due to crosslinking with BIIR.

2. Effect of C5 or m-C5 dosage on damping behavior
According to damping theories, damping properties can be determined from the dynamic mechanical analysis
[19]. DMA curves and Tand peak temperatures of composites were measured as shown in Figure 3 and Figure 4.
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Figure 3. DMA curves of BIIR with various contents of petroleum resins: (a) C5, (b) m-C5
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Figure 4. Tand peak temperatures of BIIR with various contents of petroleum resins
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As can be seen in Figure 3, DMA curves of composites have a single Tand, which indicates that BIIR
and petroleum resins have good compatibility. As the content of petroleum resins increased from 0 phr to 40 phr,
the Tand peak temperature of composites was gradually increased. It indicates that the increase of petroleum resin
content, the movement of BIIR chains becomes difficult and the Tand peak temperature of composites should
move towards high temperature direction.

As can be seen in Figure 4, it observed that the higher change of Tand peak temperatures with the addition
of m-C5 compared to C5. It may due to that m-C5 has crosslinking with BIIR, which makes the movement of
BIIR chains becomes more difficult.

3. Effect of C5 or m-C5 dosage on mechanical properties
The stress-strain curve and Hardness of composites were measured as shown in Figure 5 and Figure 6. The tensile
strength, elongation at break and hardness of composites were shown in Table 3.

(@
—  Control
5r| ——— c510
———— €520
—————— C5-30
4b | ———— c540 [
‘T
o
Z
(2]
9]
o
n
1200
Strain [%]
6
(b)
———  Control
5r| ——— mcs510
————  mC520
—————— m-C5-30 | 7 ;
4 | —— —— mC5-40 Pl /
T
o
2
(9]
(%]
o
n
0 200 400 600 800 1000 1200

Strain [%]
Figure 5. Stess-strain curves of BIIR with various contents of petroleum resins: (a) C5, (b) m-C5
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Figure 6. Hardness of BIIR with various contents of petroleum resins

Table 3
Mechanical properties of the BIIR with various contents of petroleum resins.

Sample Tensile strength [MPa] Elongation at break [%] Hardness [Shore A]
Control 4.61 795 a1

C5-10 4.34 910 39

C5-20 3.94 1052 37
C5-30 3.75 1113 33
C5-40 3.37 1149 29
m-C5-10 4.51 828 41
m-C5-20 443 890 40
m-C5-30 4.42 938 39
m-C5-40 4.36 1050 37

As can be seen in Figure 5 and Table 3, as the content of petroleum resins increased from 0 phr to 40 phr, the
tensile strength of composites got worse and the elongation was gradually increased. Also, the hardness of
composites was gradually decreased in Figure 6 and Table 3. This may be attributed to the presence of petroleum
resins with low molecular weights. The smaller decrease in mechanical properties observed with the addition of
m-C5 compared to C5 is due to crosslinking with BIIR.

IV. Conclusion

The effect of acid modified C5 petroleum resins on BIIR damping materials was investigated by
studying the relationship between the crosslinking properties, damping behaviors and mechanical properties of
composites prepared by adding petroleum resin with (unmodified C5 or acid modified C5) to BIIR. The higher
petroleum resin (Tg is higher than room temperature) content added to the BIIR damping materials, the higher
Tand peak temperature, but there are limits to its application to damping materials due to poor mechanical
properties. Therefore, we attempted to simultaneously improve mechanical properties by acid modified C5
petroleum resins that has active groups to react with crosslinking. As the acid modified C5 petroleum resin content
increased the optimal curing time of BIIR damping materials was decreased. It indicates that the addition of acid
modified C5 petroleum resin could accelerate the crosslinking of BIIR. In addition, it was found that mechanical
properties and the loss factor were improved compared to the addition of unmodified C5 petroleum resin.
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