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Abstract- Nature is unpredictable and so are accidents. Since
industrial revolution, history has recorded many industrial
disasters. Scientists for decades have studied circumstances leading
up to such accidents, they conclude if proper safety mechanisms
are installed at industries, life of workers at these industries can be
saved in such situations. Man has to expose himself to different
environments for various purposes to carry out daily activities of
life. Each environment carries distinctive features or elements and
each feature requires different expression of protection and safety.
For example, protective measures for medical personnel are
entirely different from a military officer. Clothes have been
integral part of human life since the beginning of time. Humans
have not only been using clothes to fulfill their social or emotional
needs but also as a mean of protection. The study was experimental
in nature. It was aimed at developing Nomex fabric and assessing
its resistance characteristics against water, chemical and fire to
provide protection to its wearer. The prepared fabric was also
evaluated after various washing intervals in order to know its
performance behavior. Ring spun yarns were produce to
manufacture a Nomex fabric by following certain construction
parameters. Plain interlacing pattern was adopted. The resistance
characteristics were evaluated by following international safety
standards. Water resistance was measured through absorbency test
AATCC-79 and vertical wicking test AATCC-197 both in warp
and weft directions. Chemical resistance was determined through
1ISO 6530:2005 by calculating the percentage values of penetration
and resistance index. Flame resistance was evaluated by following
vertical flame test ASTM D6413 with char length and after flame.
The results depicted that Nomex was able to provide adequate
protection to its wearer, if manufactured with adequate
construction parameters. It has the ability to resist water, chemical
and fire that can offer best solution to the one working at industrial
station. The manufactured fabric showed complete resistance
against water and selected liquid chemicals even after various
washing intervals. Moreover, it can also be considered as fire
resistant material as char length and after-flame was adequate
according to the safety standard.
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I. INTRODUCTION

Safety, health and wellbeing issues are very necessary
in every industry, so professionals from various fields such
as surgeons, doctors, pharmaceutical staff, chemists,
military staff, fire fighters, pesticide handlers, farmers, food
handlers and others must protect themselves from
surrounding environment through the selection of adequate
type of clothing materials. The clothing must provide
protection to its wearer from many physical, chemical or
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biological hazards and should delivers comfort at the same
time. There is a lack of awareness among industrial staff
regarding appropriate use of clothing [1]: It must be an
obligation for a manager or a supervisor to provide
protective ensembles to the workers who may be liable to
risk at their work place [2]

The right to be protected fundamental human right, that
cannot be ignored at any cost. People are supposed to spend
a significant amount of time in their daily routine at work
area. Since many years, it has been recognized to have safe
working conditions and environment [3,4,5]

Accidents at work place can result in dreadful situations [5].
Occupational risks, dangers and injuries are observed at the
highest level in our country as many workers exposed
themselves to toxic chemicals in their routine work.
Adequate steps must be taken into consideration to avoid
any damage [6,7,8].

Choice of fiber used for making industrial garments depends
on the type of work and surrounding atmosphere. Therefore
assessment of certain mechanical and resistance
characteristics of any particular material is very much
needed. These properties separately and in combination with
each other can develop a protective shield against certain
hazards [9]. Immediate form of defense for industry
personnel is their clothing. Although there is no magical
fabric available that can provide safety against all types of
hazards [10]. Fabrics and their variants such as fiber or yarn
must be evaluated for their performance behavior before
use. Because fabrics may changes their physical and
chemical properties with the passage of time, which can
affect their performance. Therefore, such variations must be
observed to make a wise decision [11].

Il. MATERIALS AND METHODS

Ring spinning was done in order to produce an Aramid
yarn. The polymers of meta aramid were manufactured with
m-phenylenediamine and m-isopthalic acid. The polymers
were extruded though the spinneret at 100 degree
centigrade. The prepared fibers were then washed,
neutralized and dried. The resultant fibers were highly
crystalline in nature. These fibers were strong and had high
modulus. The fabric was manufactured by following plain
interlacing pattern on a sample loom. The developed fabric
was 7 meters long and 19 inches wide. The fabric density
was kept as 50 ends and 44 picks per inch. Linear density
was 15.064 in tex system both for warp and weft directions.
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Fabric weight was 139 GSM. The color of prepared fabric
was white. Transol FL20 was laminated over fabric surface
to make it water/chemical/fluid repellent through padding.
The newly developed aramid fabric was evaluated for its
resistance characteristics after different washing cycles by
following international test procedures.

Evaluation of water resistance

Resistance against water was evaluated in terms of water
absorbency and wicking action. Absorbency test was
performed by following specifications given in AATCC 79-
2010[12]. The sample was conditioned in a standard
atmosphere where r.h was 65 + 2% and temperature 21+ 1°
C. [13] Five specimen (200 mm x 200 mm) were taken from
the fabric. Each specimen was mounted over an embroidery
frame. It was made sure that all wrinkles were removed after
stretching it over the frame. Five drop tests were made.
Distance between each drop was set at least 1 inch. The
frame was put under burette tip in order to drop a water
droplet on the sample. The drop was carefully observed and
stop watch was used to note the timings of water droplet to
lose its reflectivity. The readings were recorded till 60
seconds.

Wicking action was determined through AATCC 197-2011
Vertical Wicking Test. [14] The specimen was cut in
lengthwise and crosswise directions with the dimensions of
170mm x 25mm. One end of specimen was vertically
fastened and the other end was dipped in distilled water till
3mm at a temperature of 21°C. The travelling of water
along the vertical length of the given sample was noted at
intervals of 1, 5 and 10 minutes.

Evaluation of chemical resistance

Resistance against liquid chemicals was also identified.
[15]. Four chemicals such as Sulfuric acid, Sodium
Hydroxide, Xylene and Butanol were used to make solution
in order to evaluate penetration and repellency of chemicals
through these specimens. Specimen 360 mm x 235 mm was
cut to serve as a top layer. A filter paper attached with
plastic sheet with similar dimensions was also taken. The
both layers were placed over the collector layer. All layers
were weighed separately before making the test. The layers
were then clipped to the gutter at an angle of 45°. A 10ml of
chemical was then poured over the layers for 10 seconds
and a beaker was placed under the gutter to collect an
excessive chemical. About 10ml of each chemical was
poured off for 10 seconds over the specimen with nozzle.
Then the layers were separated and weighed again. The
weight measured for underneath collector layer was taken as
penetration index and an amount of chemical dripped into a
beaker was taken as repellency index.

The test standard recommends that material should pass
performance grade 3 for repellency and grade 2 for
penetration index against at least one of the four liquid
chemicals to be considered as protective. (Table I)
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TABLE | PERFORMANCE CRITERIA OF CHEMICAL RESISTANCE

OF FABRIC
Performance Repellency (%) | Penetration (%)
Grade
3 95 <1
2 90 <5
1 80 <10

Evaluation of flame resistance

Resistance against flame was measured through Vertical
Flame Test [16] Five lengthwise specimens (76mm x 300
mm) were cut. The specimen was placed in a frame where
the burner was set 199 mm below the test specimen. Each
specimen was exposed to fire for 12 seconds. After flame
time was recorded with stop watch and burnt length was
measured with template for each tested specimen.
Laundering process

Samples were laundered by following instructions of
AATCC Monograph [17]. The agitation speed during
washing was 4510 rpm and temperature was set at
54+2.9°C. 0.1g/liter AATCC detergent was added in each
wash cycle for 11+1 minutes. Spinning cycle was made at
1300150 rpm for 12 minutes. Drying was done at 68+6°C
for 1 hour and 30 minutes. Samples were assessed for their
resistance against water, chemicals and fire at intervals of
0, 5, 10, 15 and 20 washing cycles.

I1l1. RESULTS AND DISCUSSION

Analysis of the collected data was made through SPSS
version 22. Mean + S.D were presented. Repeated
measurement analysis of variance (ANOVA) was used to
measure the significance level of various washing intervals
on tested resistance characteristics. P-value < 0.05 was
considered as significant. Table 1l explains mean values and
SD of drop test performed in this study. Absorbency time
was noted upto 60 seconds at 0, 5, 10, 15 and 20 washing
cycle. It shows that the fabric was able to resist water till 60
seconds, the maximum value suggested by the standard. The
drop remained in the pearl shape for whole 1 minute. The
result was same till 20" wash.

TABLE Il
EVALUATION OF DROP TEST AT DIFFERENT WASH CYCLES

Mean S.D
Wash Cycle  (measured in sec)
0-Wash 60.00 0.00
5™ Wash 60.00 0.00
10" Wash 60.00 0.00
15" Wash 60.00 0.00
20" Wash 60.00 0.00
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Laundering did not affect the absorbency behavior of tested
fabric. One possible reason behind the specific observation
was the use of lamination over the surface of fabric after
manufacturing. Microporous films, laminations and coating

TABLEIII

can serve as a useful tool in making water repellent or
breathable clothing materials for various purposes [18]

WICKING ACTION (WARP) AT DIFFERENT WASH CYCLES

Wicking at 1 Wicking at 5 Wicking at 10
Wash min min min
Cycle

(Measured in cm)

Mean S.D Mean S.D Mean SD
0-Wash 0.10 0.00 0.13 0.05 0.10 0.00
5" Wash 0.10 0.00 0.13 0.05 0.13 0.05
10"wash  0.20 0.00 0.30 0.00 0.26 0.05
15" Wash  0.20 0.00 0.30 0.10 0.40 0.10
20" Wwash  0.26 0.05 0.40 0.10 0.43 0.05

p-value = 0.345 (Insignificant: p-value>0.05)
Table 11 shows wicking behavior of Nomex in warp of water transfer [19]° Tortora and Collier [20] also

direction, observed during this study at 1,5 and 10 minutes.
It remained almost stable till 5 wash then a slight increase in
wicking was observed at 20 wash. The p-value 0.345
suggested an insignificant difference among all washing
intervals. Figure 1 shows that Nomex performed well till the
last tested wash cycle.
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Fig. 1. Wicking action in warp direction

Different types of fibers produce various effects on finished
fabric towards moisture transmission in water or vapour
form. Less resistance against water can be observed in
hygroscopic fibers where fibers led the increase
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emphasized that various kinds of polymers had varied
effects of water on their performance behavior, as the
moisture can well absorbed by fibers and able to transport
through the fabric structure which then desorbs to the
surrounding atmosphere. Li [21] studied that laminated or
coated clothing materials had lesser values for wicking than
unfinished materials. So, these type of fabrics are safe to be
used by industrial workers as they do not create discomfort
for the wearer by wetting him/her skin.(Fig 2)
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Fig.2. Wicking action weft direction
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TABLE IV
WICKING ACTION (WEFT) AT DIFFERENT WASH CYCLES

Wicking at 1 Wicking at 5 Wicking at

Wash Cycle min min 10 min
(Measured in cm)

Mean S.D Mean SD Mean S.D
0-Wash 0.10 0.00 0.10 000 0.13 0.05
5t Wash 0.13 005 013 005 0.13 0.05
10" Wash 0.16 005 0.26 005 0.26 0.05
15" Wash 020 010 0.26 005 0.26 0.05
20" Wash 023 011 030 010 0.36 0.05

Vol. 25 No. 2-2020

p-value = 0.451 (Insignificant: p-value>0.05)

Table 1V shows wicking action in weft direction at various
intervals. A slight increase was observed from 0 till 20"

wash. The p-value 0.451 also recommended an
insignificant difference among all washing intervals.

TABLEV
CHEMICAL PENETRATION OF NOMEX AT DIFFERENT WASH CYCLES

Wash Sulphuric acid Sodium hydroxide Xylene Butanol
Cycle
(Measured in percentage)

Mean S.D Mean S.D Mean S.D Mean SD
0-Wash 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5t Wash 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10"Wash  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15" Wash 000 0.00 0.00 0.00 0.03 0.05 0.00 0.00
20"Wash  0.03 0.05 0.03 0.05 0.03 0.05 0.00 0.00

p-value = 0.358 (Insignificant: p-value>0.05)

Table V explains penetration percentage of Nomex at
various washing cycles in this study. It did not penetrate
Sulfuric acid till 15 wash. A slight but insignificant (p-value
0.358) increase in penetration was observed at 20 wash.
Excellent results were observed with Butanol during all
washing intervals. It can be said that Nomex can provide
protection against such liquid chemical at least up to 20
washes. The test standard suggested minimum performance

grade No 2 for (<5 penetration index) was needed to pass by
at least one of the four chemicals. George and Thomas [22]
highlighted the need of adequate type of fiber to present
permeation characteristics. Nomex had passed grade No 3
for penetration even after 20 wash. The reason can be due to
the inherent properties of fiber to resist chemicals at some
extent [23,24]

TABLE VI CHEMICAL REPELLENCY OF AT DIFFERENT WASH CYCLES

Sulphuric acid  Sodium hydroxide Xylene Butanol

Wash Cycle
(Measured in percentage)

Mean S.D  Mean SD Mean S.D Mean S.D
0-Wash 98.63 0.05 98.40 0.20 95.76 0.15 94.23 0.05
5" Wash 98.60 0.30 98.20 0.36 95.73 0.11 9420 0.10
10" Wash 9846 0.25 98.16 0.30 95.63 0.25 9420 0.10
15" Wash 98.36 0.11 97.90 0.70 95.60 0.36 94.20 0.30
20" Wash 98.23 0.35 97.56 1.80 9540 043 9416 0.30

p-value = 0.397 (Insignificant: p-value>0.05)
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Table VI presents repellency percentage at various washing
cycles. it was better able to repel all four tested chemicals
till 20" was. The p-value (0.397) also gives the impression
of higher repellency index of Nomex throughout washing
cycles. The test standard recommended performance grade
No 3 for (95% repellency index) was needed to pass by at
least one of the four chemicals. Nomex had passed the
required criteria for three liquid chemicals till 20" wash. It
is also observed [25] that finished fabrics presents good
repellency against liquid chemicals and can able to protect
the wearer. Aramid based fibers can resist certain acids but

Table VII

strong concentrations and long exposure may result in its
discoloration [26] Surface modification of aramid fibers in
terms of physical or chemical action is made in order to
inculcate innovative features in the final product. So, many
finishing treatments can be applied over the surface of
fabrics to provide protection and safety against certain
hazards [27]. One of the possible reasons of polymers to
resist the attack of liquid chemicals is their crystalline
structure as amorphous regions are more prone to be
damaged by acids and alkalis [28].

FLAME RESISTANCE OF NOMEX AT DIFFERENT WASH CYCLES

After flame Burnt length

Wash Cycle (sec) (inches)

Mean S.D Mean S.D
0-Wash 0.10 0.00 0.13 0.05
5% Wash 0.10 0.00 0.16 0.05
10" Wash 0.10 0.00 0.16 0.05
15" Wash 0.13 0.05 0.20 0.10
20" Wash 0.16 0.05 0.20 0.10

p-value = 0.312 (Insignificant: p-value>0.05)

Table VII depicts after flame and burnt length of tested
sample in this study. An insignificant increase (p-value:
0.312) was observed from 0 till 20 wash. After flame time
was stable till 10 wash. (Fig 3).
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Fig.3. After flame at various washing intervals

This stability was also observed in char length between 5
and 10 wash as well as 15 and 20 wash. The test procedure
defined that after-flame time should not be more than 2
seconds. Nomex presented less than 2 seconds for after
flame even at the last wash cycle. It was due to the inherent
ability of the fiber. A lot of attention has been given to the
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development of fire retardant materials in the recent years.
A layered fabric is usually recommended for better results,
which is composed of shell layer, thermal liner and a
liquid/moisture barrier in the form of lamination of coatings
[29]. NPCS [30] concluded that repeated launderings and
tumble drying of flame retardant materials did not affect
their resistance against flame. The test standard defined that
char length must not be more than 4 inches.

The result showed less consumption of char length till last
washing cycle. (Fig 4) Nomex made with Aramid was able
to provide better protection. Single layer of aramid fiber
added with a layer of coated fabric was effective to use in
manufacturing flame resistance materials [31]. Fire
retardants have a significant effect on the thermal stability
of treated fabrics in the presence of nitrogen and resultantly
effects their resistance against fire [32]. Protective clothing
made from either meta Aramid or para Aramid fibers are
better able to provide great protection against thermal as
well as mechanical risks. A strong chemical structure of
Aramid is the prime reason of its excellent performance in
terms of its physio-mechanical behavior. It can be used as a
base material for layered fabrics in various items of
protective ensemble [33]. Sellers and Carr [34] also found
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out that aramid help in stopping burning process. Nomex
and Nomex blended fibers showed high resistance against
flame as well as presented high laundering durability [35].
Fibers treated with Nano-Hydroxyapatite helped to improve
their resistance against fire by inducing self-extinguishing
characteristics and zero burn rate [36]. It was also
investigated in another study that fabrics made with Nomex
yarns showed better flame retardancy behavior as compared
to some virgin fabrics in vertical flame test. Moreover, they
also showed somewhat excellent thermal stability [37, 38].
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Fig.4. Burnt length at various washing intervals

Bio composites burnt more easily as compared to traditional
forms of composites. Therefore, such materials are not
recommended to use in industries where risks of flame
exposure is high [39]

IVV. CONCLUSION

Occupational investigation with reference health and safety
issues in our country has not yet received due importance
There is an urgent need to create awareness among
management staff and workers regarding protective
measures: It is concluded that Nomex yarn can serve as a
useful tool in providing protection against hazards created
with excessive amount of water, chemicals and fire. The
results showed that the developed fabric was able to resist
absorbency of liquids such as water and chemicals. It was
also able to resist fire according to the test procedure. The
results remained statistically stable throughout laundering
cycles. It was concluded that Nomex fiber can be used as a
safety measure against these hazards. The construction
parameters and lamination applied over the surface of fabric
made it perform well against tested resistance
characteristics. This study can serve as a beneficial tool for
the textile producers to modify their manufacturing
specifications and help them make wise decision to select an
adequate kind of polymer for their end products. It can
provide a framework for developing safety standards for
various items of protective clothing.
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