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Application of Industrial M)
High-Performance Waste and Cigarette e
Filter in Thermal Insulation

Devesh Saxena, Shubham Srivastava, Nandan Kumar, and C. S. Malvi

1 Introduction

The massive rise of rail transportation, aircraft, and other industries has resulted in
a contributed to increased demand for engineering. The dependability of composite
materials is determined by a variety of parameters, including installation perfor-
mance, thermal stability, mechanical qualities, ageing, and so on. Temperature is
one of the most crucial elements determining the life of polymer-coated paper. The
fundamental characteristics of insulating material sheets, including voltage break-
down, resistance of electric current, dielectric constant, and loss, may change as a
result of high temperatures, and certain negative impacts will cause the materials to
age and deteriorate. For example, with the increase in temperature, the breakdown
voltage lowers, leading to an increase in leakage capacities, hence posing a safety
issue. As a result, the future generation of fittings required to have great strength
and effective heat dissipation. Due to its stable chemical composition and superior
mechanical characteristics, aramid papers are well recognized for its electrical instal-
lation performance. They’ve been employed in transformers and electrics as elec-
trical insulation materials, as well as high-temperature protection materials. However,
aramid sheets, which are very effective polymers, show little thermal conductivity,
especially in para-(poly-m-phenylene isophthalamide) and meta-(poly-m-phenylene
isophthalamide) aramid products. As a result, it is an essential to create improved
sheets that are more superior electrically insulating, having high thermal conduc-
tivities, remarkable thermal stabilities, and increased heat dissipation efficiency to
widen their applications. Vacuum filtration of aramid pulp (AP), aramid nanofibers
(ANFs) is used for processing and fabricating the composite sheets having high
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thermal conductivities, excellent electrical insulation, and thermal thermodynamic
stability. It also possesses excellent mechanical strength and flexibility, indicating
that they have a lot of potential actually uses in flexible electronics and other fields
[1]. It was also observed that uniform dispersion of aramid pulp is challenging task
and effect was made to form the composite sheet by using varied amounts of acry-
lonitrile butadiene rubber (NBR). The result of this study indicated that improved
dispersion might improve the homogeneity of the worn surface and reduce fracture
development [2]. Further heterocyclic aramid nanofibers (HNFs) were generated by
polymerization-induced self-assembly technique. These generated HNFs were then
converted into nanopaper which has improved mechanical and electrical qualities due
to more homogeneous structures [3]. ANFs was also used with Ag nanowires that
have application in wearable’s, artificial intelligence, and extremely efficient heating
systems [4]. It was also addressed by researchers that industrial scale production of
ANFs involves the use of harmful acids regardless of fantastic performance features
and functionality. It was suggested to use other polymerization techniques for indus-
trial production of ANFs [5]. It is evident that pulping and uniform dispersion are
challenging in case of aramid fibres and drawing of ANFs utilized critical processes.
In order to overcome this problem spinning waste of para-aramid (P-aramid) fibres
were used for fabricating the insulation sheet and uniform dispersion was tackled by
utilizing cigarette filter fibre waste. Cigarette filter fibres are made-up of 95% cellu-
lose acetate and 81.3 billion cigarettes were sold in India that accounts for generation
of same number of cigarette filter [6]. This study was also focused on recycling of
both industrial p-aramid waste fibres and cigarette filter waste fibres.

2 Materials and Method

The thermal insulation sheets were fabricated by utilizing industrial spinning waste p-
aramid fibres and cigarette filter fibres as shown in Fig. 1a, b. The industrial spinning
waste p-aramid fibres were supplied by High Performance Textiles Pvt. Ltd. Panipat
Haryana and cigarette filter fibres were collected from different shops. The supplied
waste p-aramid was 1.7 dtex and fibre size of 51 mm (Fig. 2).

At first, supplied waste p-aramid fibres and collected cigarette filter fibres were
manually cut into very fine pieces with the help of scissors as shown in Fig. 3a. The
waste p-aramid fibres were kept in the range (5—8 mm) and cigarette filter fibres were
in the range (2-3 mm). Fibre size of both materials was checked after reaming, and
long fibres were cut again in to small pieces. Small fibres of were dipped in acetone
for removing the impurities as shown in Fig. 3b. After that they were soaked into
distilled water so that it could be turned into the pulp form. Further polyvinyl alcohol
was used as a binder for binding of the pulps of both the fibres. Binder was prepared
in ratio of 95% (distilled water) and 5% (PVA powder), in a beaker and magnetic
stirrer machine was used for this purpose. Magnetic stirred and prepared PVA binder
are shown in Fig. 3c, d, respectively. Fine fibres were dipped in PVA binder and
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a

Fig. 1 a Industrial spinning waste p-aramid fibres, b cigarette filter fibres

spread over a glass sheet for uniform compression and for developing the insulation
sheet as shown in Fig. 3e. The final prepared sample is shown in Fig. 3f.

The thermal insulation sheets were fabricated with waste p-aramid fibres and
cigarette filter fibres along with the blended fibres of these two materials (in ratio of
50:50) as shown in Fig. 4a, b, c.

3 Result and Discussion

3.1 Physical Properties and Thermal Conductivity

The thermal conductivity of prepared samples was measured with the help of Quick
thermal conductivity meter (QTM-710). Thickness and weight of the sample were
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Fig. 2 Stepwise procedure _’r . . . )
of sample preparation Cut the industrial waste aramid fiber
Rammering waste aramid fiber
Check  Size
No As Req

: Dip in the acetone
y

: Sample Preparation
!

: Sample Compression Process :
:

: Sample Dry :
!

: Final Sample :

measured with the help of Mitutoyo thickness tester and weighing machine respec-
tively. Corresponding values are shown in Table 1. It was observed that due to the
long size of p-aramid fibres the insulation sheet made-up of 100% p-aramid fibres
are thicker and heavier than the other two sheets. Data obtained from waste p-aramid
fibre insulation sheet was used as a reference data for comparing other two insulation
sheets.

4 Microstructure

Microstructure images of all three samples are shown in Fig. 5. Whitish colour of
aramid waste is clearly visible in Fig. Sa whereas blackish colour of cigarette filter
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Fig. 3 a Cutting of fibres, b removing impurities, ¢ binder preparation in magnetic stirrer, d PVA
binder, e compressing of pulp, f final prepared sample

waste is visible in Fig. 5b. Mixture of aramid fibre waste and cigarette filter is also
of white colour with black spot present everywhere in whole sheet.
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Fig. 4 a Waste p-aramid fibre insulation sheet, b cigarette filter fibre insulation sheet, ¢ waste
p-aramid fibre blended with cigarette filter fibre sheet

Table 1 Thickness weight and thermal conductivity of prepared insulation sheet
S. No. | Material Thickness (mm) | Weight (g/mz) Thermal Conductivity
(W/m-K)
1 Aramid + PVA 2.30 444.44 0.1721
2 Cigarette Filter + PVA 1.48 177.77 0.2262
Aramid + Cigarette Filter | 2.30 278.18 0.1098

+ PVA
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Fig. 5 a Microstructures of waste p-aramid fibres insulation sheet, b Microstructures of cigarette
filter fibres insulation sheet, ¢ Microstructures of p-aramid blended with cigarette filter fibres
insulation sheet

5 Tensile Strength

Tensile test was carried out on Tensile Strength Test Machine (TM2101-7), having
capacity 0-500 N load. Figure 6a, b shows the tensile strength and maximum elon-
gation of the samples. Tensile strength of the cigarette fibre was less as compared to
other two samples. This is because of low strength of cellulose acetate (0.9—1.4 g/den)
[7]. When waste p-aramid was blended with equal proportion of cigarette filter fibres,
the tensile strength of blended insulation sheet was increased due to high strength of
p-aramid (17 g/den). It could also be deduced that the uniform dispersion of small
cigarette filter fibres increased the binding capacity of waste p-aramid fibres.
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Fig. 6 a Maximum load, b maximum elongation

6 Contact Heat Transmission Testing

Contact heat transmission testing was performed on 7424 contact heat transmission
tester as per ISO 12127-1 at 100 °C heat source temperature. In this test time taken to
increase the temperature of the samples by 10 °C was noted. Waste p-aramid blended
with cigarette filter fibre insulation sheet has performed well under contact heat due
to low thermal conductivity as shown in Table 2, and it may also be possible that
the pores present in waste p-aramid insulation sheet were filled with small fibres of
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Table 2 Behaviour of different insulating sheet under 100 °C contact heat

S.No. |Sample Heat source Atmospheric Time (Time taken to
temperature (°C) | temperature (°C) | 10 °C rise) in sec
1 100% p-aramid 100 32.97 77.38
waste
2 Cigarette filter waste | 100 35.65 51.2
p-aramid blended 100 34.92 105
with cigarette filter

cigarette filter fibres. This ultimately decreased the heat transmission. The time for
10 °C rise for insulating sheet of waste p-aramid, cigarette filter fibre, and blend of
these two were found to be 77.38, 51.2, and 105 s, respectively. It can be used for
insulating engines, boilers, etc. However, it may be tested at high temperature for
further applications.

7 Vertical Flammability Test

It is evident that these samples have potential in insulating any system that is why
these were also tested for direct flame exposure test on T419 vertical flammability
testing machine. In this test flame was made to contact with the sample at 30° from
the vertical and flame was made to strike at the edge of the insulation sheets. All the
sheets were started burning in direct flame test which could be due to presence of PVA
on surface. Shrinkage was also observed in case of cigarette filter fibre insulation
sheet. The burned samples are shown in Fig. 7.

This study showed that blending of waste p-aramid and cigarette filter fibres in
an equal proportion enhances the results and lowers thermal conductivity which is
desirable property in insulation. Owing to the higher cost of p- aramid spinning waste,
the mixing of cigarette filter fibres reduces the cost of insulation sheet. Further study
is required by blending p-aramid waste to much lower levels, e.g. 10, 25, and 35%
and also by using more sophisticated sample preparation methodology for better
results.

8 Conclusions

The insulating behaviour of insulating sheets made of industrial spinning waste p-
aramid, cigarette filter, and blend of these two fibres were studied. It was observed that
insulating sheet prepared by blending foresaid fibres possess low thermal conduc-
tivity and have good performance against contact heat transmission and tensile load.
The contact heat transmission results proved that it has potential of providing insu-
lation. The prepared samples were burned in direct flame exposure so the binders
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Fig. 7 alInsulating sheets after direct flame test waste p-aramid fiber, b insulating sheets after direct
flame test cigarette filter waste, ¢ insulating sheets after direct flame test waste aramid and cigarette
filter waste insulating sheet
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having fire-resistive properties could be utilized and behaviour of PVA binder in
combination with phosphorous and bromine could be determined in future. More-
over, both p-aramid and cigarette filter fibre waste could be recycled by commercially
developing these products which may be more economical; however, further study
is required by changing blend ratio of p-aramid and cigarette filter fibres.
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