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ABSTRACT

The green transition, aimed at minimizing negative environmental impacts, is a prevailing social
trend. The garment and fashion industry currently contributes 20% to global pollution. This study seeks
solutions for recycling garment waste into useful materials instead of burning it or sending it to landfills.
The study used a vibratory molding engine to combine scrap fabrics with two different substrates
(polyester resin at ratios of 19.2%, 23.8% and 31.6% or construction cement at ratios of 9.3%, 12.5%
and 15.7%). The experiment produced solid materials with ductile or brittle properties at these ratios.
Material samples of different shapes and sizes were tested for tensile and compressive strength. The
study noted that the implementation costs and technical specifications varied depending on the type and
ratio of the substrate. This is the first step in recycling textile scraps into useful materials, supporting
garment manufacturers in reducing landfill waste. Further research is needed to clarify the applicability
of these materials in daily life to replace traditional materials such as wood, bricks and plastics.
Additionally, the economic aspects of recycling scrap fabric need to be further considered in subsequent
studies.
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1. INTRODUCTION

Currently, the garment and fashion industry contributes to 20% of global pollution, generating at
least 90 million tons of waste, of which 87% is incinerated or landfilled, and only a small proportion
(1%) is recycled into new clothing. Waste is categorized into two types: pre-consumer textile waste,
which comes from manufacturing processes and includes scrap fabric, and post-consumer textile waste,
which consists of unused or discarded clothing from consumers. This situation underscores the urgent
need for sustainable practices in the fashion industry to mitigate environmental impact [1-3].

The fibres used to make clothing are 68% fossil fuels, contributing to the depletion of non-
renewable resources and increasing CO, emissions into the atmosphere. This makes the textile industry
the second largest source of environmental pollution globally, after the oil industry. Textile products
consumed in the EU generate 121 million tons of greenhouse gas emissions, equivalent to 270 kg of
CO; per person. According to Boston Consulting Group (BCG), based on The Global Fashion Market
(2022-2028) and Statista research, the global fast fashion industry market is expected to surpass the
250-billion-euro mark by 2028. With a rapid growth of about 3.8% annually, the fast fashion industry
has caused consequences in this industry [4-6].

To address the current global textile waste pollution problem, the European Commission proposed
in early July 2023 to implement a waste management scheme that would require textile manufacturers
in the region to pay a waste management fee [7]. These proposals aim to make manufacturers
responsible for covering the costs of managing and treating textile waste. This would incentivize them
to reduce waste and implement circularity in textile production.
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On the other hand, consumers in Vietnam's key export markets are increasingly concerned about
environmental protection. Without a clear transition strategy, textile enterprises risk losing orders to
competitors who prioritize sustainable development. [8].

Therefore, the solution of recycling scrap fabric right at the factory could be one of the essential
research directions that may contribute a small part to the green transition of the Vietnamese textile and
garment industry.
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Figure 1. Sustainable elements in apparel manufacture
(Adapted from S. Radhakrishnan (2015) - Fashion industry and sustainability [9])

According to S. Radhakrishnan [9], the life cycle of materials and products in the garment-fashion
industry in a sustainable production system or green production is depicted in Figure 1, starting from the
source of raw materials (a) through the textile processing process (b) to create sheet materials; with the
research and design of sheet fabrics and other types of bonding materials into garments (c), the mass
production of these products forms a textile production process chain (d) to distribute products to
consumers through retail channels (e, f, g), and finally the products after use are disposed of in landfills
(h). Reusing waste from the production process of the garment, fashion and consumer industries to create
new products for daily life is very necessary. According to the diagram above, the larger the recycling rate
(reuse, upcycle, downcycle), the smaller the amount of waste going to landfills.

With the above idea, this study chose the downcycle option, using a combination of binder
materials with fabric and clothing scraps to create a new product line with relatively good tensile and
compressive strength, they can be used to replace wood, bricks, plastic, etc. serving in civil life with
long-term use but when discharged into the outside environment still does not cause pollution.

2. RESEARCH MODEL AND METHOD
2.1 Fabric composite molding model using vibration method

Rags or old clothes are made from many different types of fibrous materials. According to a report
by the Lenzing Group in 2015 [4], they include 62.1% petroleum-based synthetic fibers such as
polyester, 25.2% cellulose fibers and protein-based fibers, 6.4% wood-based cellulose fibers, 1.2% wool
fibers and 1.5% other natural fibres. Some woven, knitted, and non-woven structures decompose over
time, yet they retain mechanical properties like tensile strength and abrasion resistance. Based on these
characteristics, to create a solid product with a suitable shape from these scraps, it is necessary to make
a mixture with a chemical bond between the binder and the fabric at room temperature. The raw
materials mixture self-solidifies into a product and can be used in daily life.

Therefore, one of the main contents of the study is to select the bonding components in the mixture
and carry out the mixing, determining the process of forming the final product. To do this, it is necessary
to design and manufacture a shaping device or vibration molding tool with a dynamic diagram, as shown
in Figure 2.
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Figure 2. Model of a one-degree-of-freedom vibratory molding tool

where:

qi(t) is the coordinate of movement of the mold and the vibration motor;

m - mass of molded material;

m; - mass of the mold;

m; - mass of the vibration motor;

ki - spring stiffness between the support and the vibration mold;

ci1 - viscous damping coefficient of the system;

F(t) - vibration force.

Specialized vibration motors are available on the market in many different types, but here we
choose a single-phase AC motor with a capacity of 0.25 kW, 220 V. If we call the centrifugal force
caused by the 2 eccentric blocks mounted on the motor, they have a value proportional to the square of

the rotation speed n and according to the motor's instruction manual when n = 2840 rpm then Fo = 0.98
kN. Therefore, F(t) has the form of a harmonic function in the horizontal direction of the system:

F(t) = Fycosmt, )

in which ¢ = 2m =297.4 rad/s - frequency of vibration; t is calculated in seconds.
60

According to document [10], the vibration motion of the mold is qi(t) which has the form of a
harmonic function with the same frequency as the vibration motor but has an amplitude according to
the formula:

F
Ay = L, )
\/[(kl —(m+m;+my)m”)” + cifo”]

With the above single-degree-of-freedom vibrating molding tool experimental model, it can be
seen that it is easy to manufacture and suitable for initial experiments. Equation (2) allows choosing the
stiffness of the spring so that the system oscillates at the resonant frequency or the oscillation amplitude
value A is the largest or

k; = (m+m;+my)e, ©)

During the molding process, m changes from the mold without material (m = 0) until the mold is
filled (m = muax), however, the mass of the mold m; and the vibration motor m, are relatively large
compared to the mass m of the molding material. Therefore, the k; value will be selected approximately
according to formula (3). Specifically, with the motor rotation speed of 2840 rpm and the system design
for 3 different molds, the stiffness value k; of the spring is selected according to Table 1.

Table 1. The stiffness value ki of the spring in the vibratory molding tool is selected
according to the mass of the mold

Dynamic parameters of vibratory molding tool
Mold type .
(m1 +my) [kg] Mmax [kg] min ki [N/mm] | max ki [N/mm]
Compressed cube 9.35 2.35 827 1035
Hexagonal tiles 11.80 3.10 1044 1318
Pull sample bar 12.50 1.50 1106 1238
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The total mass of the mould (m;) and mass of the vibration motor (m>) of the compressed cube,
hexagonal tiles and pull sample bar are 9.35 kg, 11.8 kg and 12.5 kg, respectively corresponding to the
average mass of the mould when filled with a casting mixture (mmax) of 2.35 kg, 3.1 kg and 1.5 kg.

The hardness of springs on the market are usually selected within the range of min k1 and max k1
values of Table 1. In this study, we used springs with hardness k = 1100 N/mm, when installed in the
vibrating tool, the system operates very effectively, and the vibration process easily removes air bubbles
in the casting mixture.

2.2 Fabric composite composition and product properties

In today's competitive market, garment enterprises must meet green production standards
alongside economic and social criteria. This study focuses on recycling waste generated during the
production process. Scraps fabric from the cutting table need to be processed into reusable products,
which are expected to become sustainable materials that are harmless to living organisms and do not
require burning or burial. A molding tool is developed to combine the scraps with a binder. The vibration
molding process removes all air bubbles from the mixture, creating a tight and uniform bond between
the components. Under normal temperature conditions, these components bond through a catalyst or
chemical reaction, forming a solid material with either brittle or flexible mechanical properties.

2.2.1. Mixture of scraps and binder poured into mold

To obtain a solid product with flexible mechanical properties, the commonly used binders for
scrap are thermosetting synthetic polymer solutions (thermoset molding) such as Epoxy, Urea-
formaldehyde, Unsaturated Polyester (UPE), Phenol formaldehyde (PF), Melamine Formaldehyde, etc.
In terms of cost and technological capability, UPE was chosen to be used in this study. The binder
mixing formula is described in Table 2 below after the testing process:

Table 2. Binder base mixing formula

Chemical type Mixing mass for 1 kg of substrate [g]
Unsaturated Polyester Resin 8201 800
CaCO; stone powder 150
TiO2 powder 45
Methyl Ethyl Ketone Peroxide (MEKPO) 4
Pigment color 1

To obtain a solid product with brittle mechanical properties, the most economical binder with
scraps and suitable for the vibration molding technology of the project is cement used in construction.

2.2.2. Shape and size of molds in testing mechanical properties of composite products

To evaluate the usability of fabric composite products after curing, in this study, two types of
molds were made for tensile testing (for flexible products — the matrix material is thermosetting plastic)
and for compression testing (for brittle products - the matrix material is cement).

For tensile testing, the mold creates sample bars with dimensions of 300 x 70 x 36 mm, which are
then machined to the final shape according to Vietnamese standard TCVN 197-2000 [11], resulting in
a gauge length of 200 mm and a width of 60 mm, as shown in Figure 3. For compression testing, the
mold produces cubic specimens measuring 100 x 100 x 100 mm in accordance with Vietnamese
standards TCVN 3118:2022 [12].
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Figure 3. Shape and size of product sample prepared for tensile and compression tests
3. EXPERIMENTAL RESULTS AND DISCUSSION

The objective of the study is to propose a solution to transform all scrap fabric on the cutting table
of a ready-made garment enterprise into products that do not harm the environment in the future, but the
cost of the above processing is at the lowest possible level. This requires the proportion of scrap fabric
components in the fabric composite mixture to be as high as possible. In addition, the mechanical, chemical
and physical properties of the molded product can be usefully used in some cases in human life. Therefore,
the experimental model is to determine the mechanical properties (tensile strength, compressive strength,
specific gravity), and physical properties of each sample, corresponding to the proportion of mixed
components and the cost of raw materials for each unit mass of molded products.

3.1. Experimental results

For convenience in the process of experimental molding on the manufacturing tool, for each size
of each molding sample, the scrap fabric component in the mixture will be prepared by pre-weighing
with a certain mass of 200g, 250g and 300g, so when converted to the scrap/binder ratio in practice, it
will be the odd numbers below.

Therefore, for each type of binder base material, the vibratory forming tool will produce structures
of the dimensions specified above and with scrap content ratios of 19.2%, 23.8% and 31.6% for tensile
test specimens or ratios 0f 9.3%, 12.5% and 15.7% for compression test specimens. The finished molded
products are stored for 30 days before being put into the testing machine. The tensile and compression
machine used for testing here is the "Servo Hydraulic Universal Testing Machine - SHT4106". Table 3
shows the results of receiving technical and economic data of the plastic molded product and Table 4
shows the brittle molded product.

Table 3. Properties of plastic molded products (Scrap fabric - Unsaturated polyester solution)

Mixing | Scrap/Binder | Tensile strength Specific gravity Price of raw materials used for 1 kg
scheme Ratio [Mpa] [g/cm?] of scrap fabric [VND]
1 19.2% 26.4 1.29 156,000
2 23.8% 18.3 1.23 126,000
31.6% 12.6 1.15 95,000
Table 4. Properties of brittle molded products (Scrap fabric - Construction cement)
Mixing Scrap/Binder Compressive Specific gravity | Price of raw materials used for 1 kg
scheme Ratio Strength [MPa] [g/cm?] of scrap fabric [VND]
1 9.3% 8.25 1.77 19,400
2 12.5% 7.10 1.69 14,400
3 15.7% 5.70 1.63 11,500
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3.2. Compare economic, technical and application indicators of the product

At compressive strength greater than 5 Mpa or tensile strength greater than 10 Mpa, it is possible
to calculate the design of household products used in daily life with certain durability, satisfying the
criteria for the problem of processing scrap on the study's fabric cutting table.

The experimental results obtained in Tables 3 and 4 are the technical and economic parameters of
the solution to create composite scrap fabric by vibration molding method, allowing the following
preliminary comments:

- For plastic materials, within the acceptable mechanical value, the Scrap/Binder ratio increases, the
tensile strength decreases and the cost of producing a unit of product decreases.

- For brittle materials, also under the condition of reaching the acceptable mechanical value, the
compressive strength as well as the cost of producing a unit of product are inversely proportional to the
Scrap/Binder ratio.

- The tensile material of composite scrap fabric from UPE substrate can contain up to 30% of the
scraps, but the processing cost for 1 kg of fabric is quite expensive (from 100,000 to 150,000 VND), so it
is necessary to design the structure of the final product to have a fairly high use value, such as fine art
casting products, decorative items, display materials, etc.

- The compressive material of composite scrap fabric from construction cement can contain 15% of
the scraps with a relatively cheap processing (10 times lower than the above solution), however, the
product created is relatively rough, suitable for outdoor structures such as paving bricks, ornamental flower
pots, anti-erosion structures, foundation materials, etc.

- In this study, the device applying the vibratory molding method is relatively simple, making it
accessible for small garment businesses. The research proposes a feasible solution for repurposing scrap
fabric into useful materials.

4. CONCLUSIONS

Through research on vibratory molding tools and material testing from scrap fabric, we have
developed sustainable production equipment for flexible or brittle recycled materials. This study presents
a solution to prevent landfill waste by recycling scrap fabric into practical products instead of burning
them or sending them to landfills, paving the way for a greener garment industry. In this study, construction
cement or UPE binder was combined with scraps fabric to create materials. However, other binders such
as epoxy can also be tested.

Further studies can be conducted to clarify the applicability of these materials in life, including
furniture (such as beams and home decorations) and construction (bricks), etc., replacing traditional
materials like wood, bricks, and plastics. Additionally, the economic aspects of recycling scrap fabric
also need further consideration.
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TOM TAT

CHUYEN POI XANH: NGHIEN CUU TAO COMPOSITE TU VAI VUN
CUA NGANH MAY CONG NGHIEP THEO NGUYEN LY BUC RUNG

Nguyén Mai Thanh Thao*, Tréan Thi Anh Dao, Huynh Thi Minh Thu, Nguyén Thi Hoi
Trwong Pai hoc Cong Thwong Thanh phé Ho Chi Minh
*Email: thaonmt@huit.edu.vn

Chuyén dbi xanh, nhim muc dich giam thiéu tac dong tiéu cuc dén moi trudng, hién dang 1a xu
huéng xa hoi. Nganh may mic va thoi trang hién dang dong gop 20% vao 6 nhidm toan cau. Nghién
clru nay tim kiém cac giai phap tai ché chét thai may mic thanh vat liéu hiru ich thay vi d6t hodc dua
ching dén bai chon 1ap. Nghién ctru da sir dung dong co diic rung dé két hop vai vun véi hai chat nén
khac nhau (nhua polyester theo ty 1€ 19,2%, 23,8% va 31,6% hoac xi mang xay dung theo ty 1¢ 9,3%,
12,5% va 15,7%). Vi cac ty 1€ nay, thi nghiém da tao ra vét li¢u ran ¢ dic tinh déo hodc gion. Cac
mau vat liéu thu duoc c¢6 hinh dang va kich thuéc khac nhau da duoc thir nghiém vé d6 bén kéo va do
bén nén. Két qua nghién ciru ghi nhan rang chi phi thuc hién va thong s6 k¥ thuét ctia cac vat lidu thu
dugc thay ddi tiry thudc vao loai va ty 18 ciia chat nén. Py 1a budc dau tién trong viée tai ché phé lidu
dét may thanh vat liéu htru ich, hd trg cac nha san xuét hang may mic trong viéc giam chat thai chon
14p. Can nghién ctru thém dé lam r6 kha nang ung dung cua nhiing vat liéu nay trong cudc song hang
ngay dé thay thé cac vat liéu truyén théng nhu gd, gach va nhua. Ngoai ra, cac khia canh kinh té cua
viéc tai ché vai vun can duoc xem xét thém trong cac nghién ctru tlep theo.

Tur khoa: Chuyén ddi xanh, phé liéu may méc, composite vai, dliic rung.
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