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Abstract- The study focuses on producing cushioning packaging
material from bamboo fibres. The effects of varying the surface
treatment duration and the proportions of foaming agents,
adhesives, plasticisers, cross-linking agents, and other components
were analysed in terms of foam density, foaming rate, elasticity,
and bubble size. The optimal reagents and the ideal ratios for the
different components were identified. The parameters for the
foaming process were determined based on a high-efficiency, eco-
friendly foaming mechanism. Impact testing was conducted to
obtain curves for maximum acceleration versus static stress,
dynamic stress versus strain, and dynamic buffering factor versus
stress. The study examined the dynamic buffering performance as
a function of drop height and compared it to other cushioning
materials. The findings indicate that at a height of 450 mm, the
bamboo pulp product exhibited a lower peak acceleration value
than EPE and EPS in the stress range of 2.8-5.5 kPa, indicating

superior cushioning performance under these conditions.
Keywords— Bamboo fibres, Cushioning packaging, Foaming
agents, Dynamic buffering, Impact testing

I. Introduction

To improve product performance, more countries and
companies are working on developing cushioning
packaging materials from plant fibres. Plant fibre is the
most abundant natural polymer material, far surpassing
the Earth's existing oil reserves. Fibre-based foam
materials are emerging as an ideal option due to their
environmental friendliness, simple processing, low cost,
and abundant raw material availability [1], [2], [3], [4],
[51, [61, [71, [81, [91, [10].

Among the various plant fibres, bamboo fibre holds
the greatest potential for exploitation. Indonesian bamboo
fibres demonstrate stable performance, low density, good
breathability, unique re-elasticity, and excellent water
absorption capabilities. Their specific rigidity and
strength are higher than those of wood and common
steels. Additionally, bamboo fibres possess strong
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orientation strength in both vertical and horizontal
directions [11], [12], [13], [14], [15], [16], [17], [18].

The purpose of this study is to develop and evaluate
environmentally friendly foam cushioning materials
derived from Indonesian bamboo fibers. The study aims
to improve the mechanical properties, durability, and
processing efficiency of bamboo fiber-based foams so
that they can be a viable alternative to nature-based
materials in packaging applications.

Bamboo is easy to cultivate, with a short production
cycle, allowing it to be planted once and harvested

continuously  without environment.

Developing foam cushioning materials from bamboo

harming the

fibre has a dual purpose: reducing "white pollution,"
improving the ecological environment, and supporting
sustainable development. At the same time, it creates new
uses for bamboo fibre, enhancing the added value of
agricultural products [19], [20], [21], [22], [23], [24],
[25].

As an agricultural country with abundant forest
resources, Indonesia has significant opportunities,
especially in bamboo-rich regions like Java, Sumatra, and
Sulawesi. Fully utilising these resources and advancing
the development of plant fibre-based packaging materials
will bring substantial social and economic benefits [26],
[27], [28], [29], [30], [31]. State of the art in the
development of plant fibre-based cushion packaging
materials focuses on the use of bamboo fibre as a potential
and environmentally friendly material.

1. Research Methodology

A. Sample Preparation
Dried bamboo was used as the base material, with the
bamboo fibres separated. Approximately 15 grams of
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bamboo required around 20,000 cycles of dissociation.
The fibers were soaked in a NaOH solution for a set
period and then rinsed until neutral for the experiment.
The treated bamboo fibres were thoroughly mixed and
stirred with potato starch, which was gelatinised by
heating to achieve transparency. Additional components,
such as an AC blowing agent, stearic acid, calcium
carbonate, and talc, were also incorporated. Finally, a
cross-linking agent was added to align and bind the
bamboo fibres together. The mixture was placed in a
drying oven for foam moulding. The foaming agents
decomposed at specific temperatures, releasing gases that
caused the plant fibres to expand, thereby reducing the
material's density

B. Dynamic Buffer Performance Testing

Involves using the dynamic compression method,
which operates as follows: a hammer is released from a
specified height, allowing it to fall under the influence of
gravity to strike the cushioning packaging material. This
simulates loading and unloading impact conditions,
enabling the measurement of the dynamic buffering
characteristics and the generation of performance curves
for the tested packaging materials.

C. Statistical Calculation
Stress statistics are calculated using the formula:

g5 =

w
" 6]

os: the static stress experienced by the sample, 104 Pa,
W: the hammer's weight, N, A: the impact sample areas,
cm2. The maximum acceleration, denoted as Gm, is
determined by conducting five consecutive impacts
during the test. The average of the last four acceleration
values is calculated to establish the maximum
acceleration for each test group. Maximum stress is
calculated using the formula:

Om = Gm X Op (2)

om the maximum stress endured by the sample, 104
Pa. the residual strain from dynamic compression:
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T-Tgq

£="1"" X 100% 3)

€: the residual strain from dynamic compression, %, T:
the initial thickness of the sample, cm, Td: the thickness
after dynamic compression, cm. In the dynamic
compression test, the buffering coefficient is defined by
the following formulation:

C =G X 4)

m. Results and Discussion
Characterisation: Structural characterisation of foam
refers to examining the foam's structure at both the macro
and micro levels.

Figure 1. The microscopic structure of the foam (SEM)
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Figure 2. The influence of component composition on the
foaming rate of the products.

Figure 1 shows cross-sectional images. The foam
products exhibit a consistent rate, with uniform cell sizes
arranged in orderly rows. A three-dimensional network
structure is visible, with good bonding observed between
the fibres. The cell walls are smooth and possess a certain
thickness.

Figure 2 illustrates that at a starch content of 1.0 [phr],
the maximum foaming rate of the system is achieved.
Starch plays a role in enhancing adhesion between fibres,
but as the starch content increases, the degree of foaming
decreases due to excessive viscosity. Initially, the
foaming rate of the products increases more rapidly with
the addition of the blowing agent, reaching its peak at a
blowing agent content of 2.0 [phr]. After that, the rate of
increase slows down as a higher content of the blowing
agent causes degradation of the starch and fibre
macromolecules, leading to lower molecular weight,
reduced viscosity, and incomplete gas encapsulation in
the system. Although the foaming rate continues to rise, it
does so at a slower pace.

In the process of preparing foam materials, fillers help
fill the gaps between fibres, not only reinforcing the
connections between them and improving dimensional
stability but also acting as nucleating agents [32], [33],
[34], [35], [36], [37]. The maximum foaming rate is
achieved at a filler content of 2.0 [phr], with minimal
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changes in the foaming rate as the filler content is
increased further.

The system's foaming rate initially increases with the
The
optimal range for cross-linker content is 11%-16% of the
total starch. This is because the cross-linker forms a

addition of the cross-linker and then decreases.

polynuclear complex network structure with the starch
adhesive, increasing adhesive tack, enhancing water
resistance, and improving natural drying capability [38],
[39], [40], [41], [42]. However, if the cross-linker content
is too high, it results in a brittle layer, reducing the
bonding effectiveness [43], [44], [45].

According to the national standard GB8168-87, which
outlines the testing methods for the dynamic compression
cushioning performance of package buffer materials, a
hammer is dropped from a specified height and allowed
to fall freely under the influence of gravity to strike the
buffer packaging materials. This simulates the loading
and unloading impact conditions, allowing for the
evaluation of the dynamic buffering performance and the
generation of performance curves for the tested package
buffer materials.
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Figure 2. Gm - om curves of the cushioning materials.

1v. Conclusion
The comparison between products made from bamboo
powder and bamboo pulp revealed that those utilising
bamboo pulp exhibited superior performance. Treatment
with a NaOH solution significantly enhanced the system's
phase capacitance, with optimal soaking conditions
identified as 5% NaOH for a duration of two to four hours.
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An orthogonal test was conducted to vary the content of
each constituent and analyse their effects on the product.
This analysis focused on the impact of each foam
component on various factors, including foaming rate,
density, diameter, and mechanical properties of the cells,
leading to the identification of more suitable conditions
for combining bamboo foam. The resulting material
demonstrated a certain level of buffer performance,
making it effective for packaging products that are
sensitive to minor shocks.
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