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Abstract: The basic idea of this paper is to simulate use of the environment of high temperature
filter material and study chemical resistance of needle-punched nonwoven fabric made from
polyphenylene sulfide (PPS). An orthogonal test was designed to investigate the interaction effect of
various factors, namely concentration of hydrochloric acid and sodium hydroxide, treatment time
and treatment temperature, on the needle-punched nonwoven fabric. The concentration of
hydrochloric acid and sodium hydroxide and treatment time were found to have important effects
on mechanical property under the condition of 0.1 significant level. While needle-punched
nonwoven fabric made from PPS was still keeping its excellent breaking strength, only less than the
10% drop under the condition of 24 hours in 12 mol/L hydrochloric acid at 80ºC.

Introduction

A major role of nonwoven fabric in air filtration is to control air pollution, especially in high
temperature filtration. The main high temperature filter material is to choose the organic material to
suit the high temperature environment, including polyphenylene sulfide (PPS), aramid,
polytetrafluoroethylene (PTFE) and polyimide (P84) [1]. The non-woven materials is made by
spun-lace, needle-punched and other molding techniques with certain finishing methods, working in
high-temperature dust-laden gas filtration such as chemical, petroleum, metallurgy, cement, waste
incineration and other industrial production. A great number of studies have reported on filtration
performance of fiber masses [2]. However, every little work has reported on service life of the high
temperature material. In actual use process, flue gas composition is relatively complex, there are
SO2, SO3, NOx and other alkaline tiny solid particles [3]. These industrial waste course a lot loss to
the filter material [4]. In order to simulate use of the environment of high temperature filter material
and study chemical resistance of needle-punched nonwoven fabric made from polyphenylene
sulfide (PPS).An orthogonal test was designed to investigate the interaction effect of various factors,
namely concentration of hydrochloric acid, treatment time and treatment temperature, on the
needle-punched nonwoven fabric. It provides a new reference for PPS high temperature filter
material more effective.

Experiment

Materials
The PPS needle-punched non-woven fabric samples were prepared using production line
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machineries in industry and the fibres having average fineness of 2.2 dtex and length of 51 mm
were used for the present study; hydrochloric acid (A. R.).
Methods

One of the most common methods of experimental design is to vary the selected parameters to
be studied one at a time, keeping all the other parameters constant. This type of study is quite useful
in understanding the effect of the varied selected parameters, but this technique has a major
drawback. In this type of study, the trend of response was observed [5]; while varying the selected
parameters at a fixed level of other parameters, the effect may not be same at other levels of fixed
parameters [6]. If the experiments are carried out on a multivariable approach, then it is quite
possible to study the individual and interactive effects of the chosen variables [7]. To study the effect
of the concentration of the acid, temperature and treatment time on the fabric properties,
experiments were designed as factorial design for three variables. The actual values of the three
variables corresponding to coded levels are given in Table 1and Table 2 respectively.

Table 1 the acid resistance factor levels coding table

level
factors

A the concentration /
（mol/L）

B temperature/（ºC） C treatment time /（h）

1 14.5 60 3
2 2.8 70 12
3 1.35 80 24

Table 2 the acid resistance orthogonal experiment scheme

The experiment

number

factors
A the concentration /
（mol/L）

B temperature/（ºC） C treatment time /（h）

1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

Results and discussion

Figure 1 and figure 2 show the SEM image of untreated PPS needle-punched nonwoven
samples.

Figure 1 SEM image (× 8000) of untreated samples Figure 2 SEM image (× 1000) of untreated samples
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Figure 3 SEM image (× 8000) of acid treatment samples Figure 4 SEM image (× 1000) of acid treatment samples

Acid resistance test results analysis
Figure 3 and figure 4 show the SEM image of acid-treated PPS needle-punched nonwoven

samples. Comparing figure 3 with figure 1, it can be seen that there is significant damage to the
fiber surface, but no significant change in fiber diameter, comparing figure 4with figure 2, it can be
seen that the spacing between fibers becomes large, reducing the contact between the fibers.

The mechanical properties of PPS needle-punched nonwovens acid resistance test and analysis
of variance, the results shown in Table 3.

Table 3 Results of orthogonal experiment
The
experiment
number

Elongation at
break / (%)

Breaking
strength /(N)

The areal
density /( g/m2)

Thickness
/(mm)

1 20.0 900 544.3 3.12
2 22.0 875 541.8 3.41
3 21.5 859 542.0 3.48
4 21.9 1012 554.5 3.28
5 21.5 1053 551.3 3.50
6 22.4 1095 545.6 3.59
7 22.1 942 556.8 3.61
8 20.0 900 544.3 3.12
9 22.0 875 541.8 3.41

** idicates a degree of influence on indicators of the factors in the significant level a = 0.1
condition it is significant, in which a = 0.1, F (2,2) = 9.

Table 4 Analysis of variance
Sources of
variance

Bias
squares

variance Deviation
from the
mean of
sum of
squares

F Significance

A 46230.67 2 23115.36 374.85 **
B 1455 2 727.5 11.80
C 5876.67 2 2938.34 47.65 *
Error e 123.33 2 61.66
The sum 53685.67 8

PPS needle-punched nonwovens samples’ breaking strength decreases with the increasing
concentration of hydrochloric acid. Comparing figure 1and figure 3, it can be seen that the interval
between the fibers becomes larger, contact between the fibre becomes less. Under the corruption of
hydrochloric acid, the contact and friction between the fibers reduce, resulting PPS
needling-punched nonwovens samples’ breaking strength with increasing concentration of
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hydrochloric acid decreases. In hydrochloric acid solution, while the fiber surface has obvious
damage, but material can still keep more than 75% of the highest breaking strength in concentrated
hydrochloric acid. This is because the presence of benzene ring structure of PPS fiber molecular
formula, whose benzene ring of PI bond energy is high, 619 KJ/mol, not easy to break. This is the
reason why the PPS fiber has excellent chemical resistance to avoid to be corrupted. However,
benzene and sulfur molecules linked together, bond energy is relatively lower, 271 KJ / mol, the
benzene ring meta position is opened easily by oxidants causing chemical reaction, which will
destroy the molecular structure of the PPS fiber. However concentrated hydrochloric acid is not the
oxidizer. It’s the oxygen in an acid environment that oxides the benzene ring meta position leading
to the destruction of the material and mechanical properties, rather than the corrosion of the
hydrogen ion directly. Namely PPS needle-punched nonwoven material has good acid resistance.

Conclusions

Needle-punched nonwoven fabric made from PPS still kept its excellent breaking strength,
only less than the 10% drop under the condition of 24 hours in 12 mol/L hydrochloric acid at 80ºC.
Concentration of hydrochloric acid has a significant impact on breaking strength of PPS
Needle-punched nonwoven samples.
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