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Abstract

This paper investigates the effects of combining high molecular weight polyisobutylene (HMW
PIB) and low molecular weight polyisobutylene (LMW PIB) on the performance of butyl-based
constrained layer damping (CLD) systems. By formulating a series of PIB blends, this study exam-
ines how different combinations of HMW and LMW PIB influence critical mechanical and damp-
ing properties for noise, vibration, and harshness (NVH) applications. The results reveal that higher
proportions of HMW PIB significantly enhance mechanical and adhesion strength, while increased
LMW PIB weight percentage leads to improved damping behaviour, resulting in superior energy
dissipation and damping efficiency. Notably, Sample A demonstrates a balanced performance with
commendable mechanical integrity and effective damping capabilities. In contrast, Sample B excels
in damping properties due to its higher LMW PIB weight percentage, making it ideal for applica-
tions requiring optimal NVH control, while Sample C, with its robust mechanical characteristics,
shows weaker damping efficiency. This research provides valuable insights for the design and ap-
plication of advanced damping materials, highlighting the importance of optimizing the combina-
tion of HMW and LMW PIB to develop high-performance solutions in the automotive, aerospace,
and construction industries, where effective vibration control is essential.

Keywords: Constrained Layer Damping, Butyl Rubber, Polyisobutylene, Noise Vibration Harsh-
ness.

l.Introduction

Constrained Layer Damping (CLD) is a widely employed technique in engineering and materials
science aimed at reducing vibrations and noise in structures. CLD systems typically consist of a
viscoelastic material sandwiched between two stiff substrates, facilitating the dissipation of vibra-
tional energy as heat [1]. The performance of CLD systems is heavily influenced by the properties
of the viscoelastic layer, which can be engineered through the selection and combination of constit-
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uent materials. In this context, the blending of HMW and LMW PIB presents a promising avenue
for optimizing the damping characteristics of butyl-based CLD materials. [2,3].

Polyisobutylene (PIB) is a class of organic polymers prepared by the polymerization of isobutene.
These polymers are typically colourless gummy solids. The polymerization is usually initiated with
a strong Brensted or Lewis acid [4]. The molecular weight (MW) of the resulting polymer deter-
mines its applications[5,6]. Low molecular weight PIB, consisting of a mixture of oligomers with a
number average molecular weight (Mn) of about 1500, is commonly used as a plasticizer. In con-
trast, medium and high molecular weight PIB, with Mn > 2500, serve as components in commercial
adhesives.

The selection of PIB blends is critical for enhancing performance in various applications, particular-
ly in sectors such as automotive and aerospace, where effective noise, vibration, and harshness
(NVH) control is vital for ensuring passenger comfort and maintaining structural integrity [7]. The
viscoelastic properties of PIB can be optimized by combining HMW and LMW PIB, directly influ-
encing mechanical properties as well as the long-term durability and stability of the resulting com-
posite materials [8]. This tailoring of molecular weight combinations enables the development of
PIB blends that meet specific performance criteria, ultimately enhancing their functionality in de-
manding environments.

Despite the extensive application of PIB, there remains a gap in understanding how different com-
binations of HMW and LMW PIB affect the overall performance of CLD systems. This research
aims to address this gap by investigating the mechanical and damping properties of PIB blends. By
analysing the interplay between HMW and LMW PIB, we seek to identify optimal formulations
that enhance the structural integrity and damping performance of butyl-based CLD systems. The
outcomes of this study will provide valuable insights for the design and implementation of ad-
vanced damping materials across a range of industries, ultimately contributing to improved perfor-
mance and sustainability in engineering applications.

2. Materials, Tests, and Standards
2.1 Materials

The combination of HMW and LMW PIB across the samples is instrumental in tailoring their vis-
coelastic properties, thereby influencing the mechanical performance and damping characteristics
critical for constrained layer damping (CLD) systems. The strategic selection and blending of these
molecular weights facilitate the optimization of composite materials to enhance their functionality
in demanding applications, particularly in the automotive and aerospace sectors, where effective
noise, vibration, and harshness (NVH) control is paramount.

Table 1. Composition of PIB Samples

Sample HMW PIB (wt%) LMW PIB (wt%)
A 15 3
B 0 14
C 11 0

2.2 Testing Standards
A basic testing approach was employed to assess the mechanical and damping properties of the
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formulations. The tests adhered to established standards, ensuring reliability and validity in the re-
sults. The following testing protocols were utilized:

o Adhesion/Peeling Strength: Measured according to D51 1485 (Peugeot standards), which
specifies a minimum pass threshold of 6 MPa. This standard evaluates the bond strength be-
tween the damping layer and the substrate, crucial for ensuring material integrity during dy-
namic loading.

e Tensile Strength: Assessed to ensure that the formulations meet the minimum tensile
strength using MS373 (Hyundai and Kia standards) requirement of 0.6 MPa. This property
is essential for evaluating the material’s ability to resist elongation and fracture under load.

o Penetration: Tested using D55 1154 (Peugeot standards); this standard evaluates the mate-
rial's ability to resist the passage of gases or liquids. Moderate penetration is desirable for
maintaining the integrity of the CLD system and enhancing adhesion.

« Damping Factor Measurements: Conducted according to ASTM E756 for loss factor and
D45 1375 (Peugeot standards) for damping factor. The loss factor was measured at frequen-
cies of 100 Hz and 200 Hz, reflecting the material's ability to dissipate vibrational energy ef-
fectively.

Through these rigorous testing protocols, this research aims to uncover the mechanisms that con-
tribute to enhanced energy dissipation in CLD systems, providing insights that will guide the devel-
opment of high-performance materials tailored for the NVH industry.

3. Results and Discussion

This section presents a comprehensive analysis of the mechanical and damping properties of butyl-
based constrained layer damping (CLD) samples formulated with different combinations of high
molecular weight polyisobutylene (HMW PIB) and low molecular weight polyisobutylene (LMW
PIB). Each sample’s performance is evaluated based on adhesion strength, tensile strength, penetra-
tion, loss factor, and damping factor, as summarized in the tables below.

3.1. Mechanical Properties

Table 2. Mechanical Test Results

HMW PIB LMW PIB Adhesion Strength Tensile Strength

Sample (Wt%) (Wt%) (MPa) (MPa) Penetration
A 15 3 14.6 0.63 90
B 0 14 6.85 0.61 95
C 11 0 7.6 0.66 83

The experimental results in Table 2. clearly demonstrate that higher proportions of HMW PIB sig-
nificantly enhance adhesion strength. For instance, Sample A, containing 15 units of HMW PIB,
achieves an adhesion strength of 14.6 MPa, surpassing the minimum required threshold of 6 MPa.
The underlying reason for this enhancement lies in the longer molecular chains of HMW PIB,
which facilitate greater interlocking and entanglement between the polymer chains and the substrate
surface. This leads to stronger intermolecular forces and improved bonding, which are critical in
applications where mechanical integrity during dynamic loading is essential [9].
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In terms of tensile strength, all samples performed satisfactorily, with Sample C showing the high-
est tensile strength of 0.66 MPa, demonstrating that the strategic balance of PIB weight percentage
effectively supports structural integrity under elongation.

3.2. Damping Properties

Table 3. Damping Factor Measurements

Damping Factor at  Damping Factor at

Sample 100 Hz 200 Hz Loss Factor (1)
A 0.44 0.42 49
B 0.82 0.46 58
C 0.41 0.36 36

The damping factor measurements presented in Table 3 reveal significant differences in the damp-
ing properties of the samples. Sample B, which contains a higher proportion of low molecular
weight polyisobutylene (LMW PIB), exhibits the best damping performance, with a damping factor
of 0.82 at 100 Hz and 0.46 at 200 Hz. This enhanced performance can be attributed to the lower
viscosity and greater mobility of the LMW PIB chains, enabling effective energy dissipation as
thermal energy under dynamic loading conditions [10,11]. The higher energy absorption capacity of
Sample B indicates its suitability for applications where superior noise, vibration, and harshness
(NVH) control is required.

In contrast, Sample C displays weaker damping characteristics, with damping factors of 0.41 at 100
Hz and 0.36 at 200 Hz. The lower damping efficiency of Sample C, which has a relatively lower
LMW PIB weight percentage, suggests that it is less effective at dissipating vibrational energy
compared to Sample B. Despite these limitations, Sample C maintains a loss factor of 36, indicating
some level of energy dissipation, albeit less effectively than Sample B [10-14].

Sample A represents a middle ground between the two, demonstrating balanced mechanical proper-
ties while providing moderate damping performance with damping factors of 0.44 at 100 Hz and
0.42 at 200 Hz. This performance highlights the trade-off between mechanical integrity and damp-
ing efficiency. The higher weight percentages of high molecular weight polyisobutylene (HMW
PIB) in Sample A enhances strength and adhesion but may restrict its ability to dissipate vibrational
energy effectively compared to Sample B. Consequently, the results underscore the importance of
optimizing the weight percentage of HMW to LMW PIB in developing effective constrained layer
damping systems.

4.Conclusion

This study demonstrates how varying the weight percentages of high molecular weight polyisobu-
tylene (HMW PIB) and low molecular weight polyisobutylene (LMW PIB) affects the mechanical
and damping properties of butyl-based constrained layer damping (CLD) systems, with important
implications for noise, vibration, and harshness (NVH) applications. Sample B, with a higher LMW
PIB weight percentage, excels in damping performance, offering the highest damping factors and
energy dissipation, making it ideal for advanced NVH control. In contrast, Sample C, characterized
by higher HMW PIB, shows stronger mechanical properties but weaker damping efficiency. Sample
A, with a balanced composition, achieves a compromise between mechanical strength and damping
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performance, making it suitable for versatile applications. The study underscores the importance of
optimizing PIB weight percentages to develop high-performance damping materials that enhance
structural integrity while effectively controlling vibrations and noise, particularly in the automotive,
aerospace, and construction industries.
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