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l. INTRODUCTION

Firefighters have to face many situations
while putting out a fire and they use fire clothing to
avoid getting burnt by the fire, they may even die
or get hurt due to burning in the fire so use personal
protective  equipment.  Personal  Protective
Equipment (PPE) and Personal Protective Clothing
(PPE) are the materials that provide a barrier
between the hazardous environment and firefighters
for protection. The performance level of the PPC is
the most significant factor, which determines the
potential for clothing rescue/injury. The level of
performance is dependent on the nature of the fire,
the type, design and characteristics of the PPC. The
use of protective clothing is essential to protect
firefighters from thermal exposures and other life-
threatening risks. Generally, the standard protective
clothing is a multi-layered construction, which is
heavy and voluminous to provide the desired
thermal protection. This reduces the capacity of
protective clothing to transfer internal heat into the
surrounding atmosphere and creates thermal stress
for firefighters. It is important to recognize the
difference between the need for fire fighting
clothing and environmental conditions. The ideal
fire protection clothing system should support all of
the following:
Protection against radiant and convective heat.
2. Resistant to impact and abrasion.
3. Comfortable in a different weather conditions.
4. Water repellent
5. Easy to clean inside.
6. Resistant to chemicals.
7. Durable and affordable.
8. Resistant to damage from sparks.
9. Adjustable air cooling system.
10. Flame resistance

In an active work situation, the
performance of a fireman is synonymous with his
comfort characteristics. The primary concern in the
garment system is to provide comprehensive
protection from heat exposure while dissipating
sufficient metabolic heat into the environment.
Protection and firefighters' clothing

Various types of fire fighting include
structural fires, wildland fires, aircraft fires and

certain other types of fires. The time firefighters
spend fighting the fire is only about 5% to 10% of
their service time, where they are exposed to
extreme heat and flames. That’s why he uses fire
clothing.

Heat resistance

The equipment used in the protective
clothing must not melt. Parts of clothing such as
zippers must be kept functional when exposed to an
atmosphere of 180 degrees Celsius.

Tensile strength

The external materials of fire protection
garments must withstand a breaking load of more
than 450 N and the main seams must have a
maximum breaking force of more than 225 N.
Components of fire fighter clothing

Under NFPA 1971 and other similar
standards in other countries, all participating
apparel must have three components: an outer shell,
a moisture barrier, and a thermal barrier.

Generally, trousers are fitted with
reinforced knees and leather cuffs. The materials
used for the three layers in trousers and turnout
coats may vary but will very often include a
combination of Nomex/Kevlar materials.

For example, the materials used by the Los Angeles
City Fire Department, as found in their 2005 recruit
handout are as follows:

[0 Outer shell: Nomex/Kevlar blend in a rip stop
weave with water repellent finish.

[1 Thermal insulator layer:Quilted fabric.

[0 Moisture barier: Breathtex material combined
with a Nomex/Kevlar laminate.

Heat and moisture barriers are sewn
together for cleaning, repair and replacement of the
exterior shell. The principal components of most
firefighting clothing are Kevlar and Nomex, two
fabrics created by the chemical giant DuPont in the
1960s. Many protective clothing companies use a
blend of both fabrics, while others focus more on
the flameproof Nomex. Nomex is the fabric that
gives protective equipment its heat and flame
resistance while Kevlar provides flexibility,
comfort and breathability.

DOI: 10.35629/5252-0407424428

Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 424



International Journal of Advances in Engineering and Management (IJAEM)
Volume 4, Issue 7 July 2022, pp: 424-428 www.ijaem.net

Different types of fire fighters fabric

It primarily covers firefighter soldiers and
certain industrial costume workers. Glass, carbon,
Kevlar, Nomex. These garments have a fire-
resistant inner layer composed of a moisture
barrier, a thermal barrier and a coating. The outer
shell containing fibers such as aramides and PBI
supplies flame, thermal and mechanical resistance
and strength. Thermal protection includes fire and
extreme heat conditions and environments and
applies to firemen, welding, foundries, metal and
ceramic industries, etc.

Specification for fire-resistant suits

Firefighters are working in extremely
high temperatures up to 1000 to 1100°C, such as
furnace and oven repair, cooking, slagging,
firefighting and rescue work, the use of aluminized
fabrics are essential. A combination of “Celanece
pbi” fiber (25%) and “Conex” meta aramid fiber
(75%). The flameproof outer shell must not rupture
or lose its inherent flexibility after being exposed to
a 1200°C flame for more than 65 seconds. Intended
for use by firefighters of structures that encounter
risks of hazardous radioactive pollution and radio-
active contamination during firefighting and related
rescue operations in "hot work™ areas. These suits
consist of:
Trousers
Coats
Gloves
Boots
Hoods

A piece of head to toe filled with air to
reduce heat and increase comfort. Firefighter
clothing should be designed with certain functions
in mind, the most important of which is protected
against heat and flame. And humidity protection is
also important depending on the type of extinction
method. Firefighting suits first appeared and were
used in the 1930's and were originally made of
ashestos cloth. Nowadays, this combination is
made of aluminized materials deposited in a
vacuum.

There are three basic types of this aluminized

suit:

1. Approach suit: ambient heat protection up to
200° F (93°C) and used to work in the general
area of high temperature such as steel mills.

2. Proximity suit: kiln ambient heat protection up
to 2000° F (1093°C) and used for aircraft
rescue and firefighting etc.

3. Entry suit: ambient heat protection up to 2000°
F (1093°) and used in the situation in which
requiring protection from extreme heat.

Different types of fire fighter suits

NFPA Turnout Gear.

Firemen Helmet.

Balacava.

Firemen Boot.
Firemen Hand Gloves.
Fire Suit.
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Use of Nanotechnology for fire fighters clothing

New technology discovered to reduce the
damage causes by fire, which nanotechnology is
one. In nanotechnologies, structured starch-based
nanocoatings have been introduced to be applied to
furniture and textiles to increase their fire resistance
and make them almost flame retardant. Clay
products like brick and mortar may be modified to
adopt a lower thermal conductivity while has gas
barrier properties. Nano fiber mats that have
applications in building insulation are used instead
of foam and have shown to absorb thermal energy
of the flames, extinguish fires preventing them
from being spread all around to cause damage and
give occupants more opportunity to escape a place
on fire. In other applications, there are reports on
the application of hydrogen to increase the fire
resistance in blankets and clothing as well as
absorb heat and prevent thermal burns.
Nanocomposites made of polyetherimide are
capable of increasing the thermal protection of
household appliances. They can also be combined
with agents that do not release toxic if exposed to
flame and fire. There are numerous potential
benefits to using nanotechnology to advance fire
safety. Smoke detectors and alarms are good for
detecting particulates immediately after a fire
begins. There are quality of nanocoatings with fire
resistance that can increase the resistance of
materials and their durability to withstand high
thermal energy and heat. To fight fires, a series of
fire suppression systems have been introduced that
operate on the basis of various chemical mixtures at
the nanoscale to deal with fire suppression in such
an effective manner. In addition, the vehicles were
fitted with fire-resistant nano-coatings on engine
components and fuel lines to suppress fires in
vehicles.

Defining the application of nanotechnology in
fire safety

There are numerous solutions for building
materials which act against the effects of fire and
are  mainly integrated nanotechnologies.
Technologies that depend on nano structured
materials can find Solutions as the properties of
materials can greatly enhance fire resistance
quality, fire retardancy and can create environments
with higher safety when exposed to fire.
Nanotechnologic materials can greatly enhance fire
protection and prevention strategies. Fire
extinguishers and clothing systems are examples of
innovative solutions that take advantage of
nanotechnology, mainly to provide comprehensive
approaches to firefighting. The combination of
various chemicals with nanotechnology can
strengthen the quality and process of suppression
and improve the efficiency and fighting force. In so
doing nanotechnology has to be explored even
more to achieve its advantages in developing fire-
fighting equipment and clothing as it is possible to
achieve durability of fibers in clothing and
equipment to resist fires better and have high
thermal energy when nano structured materials are
involved. By taking advantage of nanostructured
materials, firefighters might get fire safety as well
as efficiency in the fire stage.

1. CONCLUSION

It has been one of humankind's greatest
achievements for exploiting fires with consequent
advances in technology. Although fire plays an
extremely important role in human life, it is clear to
everyone that it is extremely dangerous as well.
Such as a person also dies.The outbreak of fires has
been a huge problem in almost all countries and
have cost injuries with a lot of damage that are in
fact preventable if the right materials are chosen in
designing and fabrication of products. Studies and
results have shown that the incorporation of
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nanotechnology has significantly diminished the
damage by fires as well as improvements in the
resistance of materials and machinery that are
exposed to fire.

[1]

[2].

31

[4]

[5].

[6].

[71

[8].

[a].

REFERENCES
Ali, A. H. M., and Mohammed, R. 2015. A
review of the fire fighters fabrics for
flashover temperature. International Journal
of Engineering Sciences Research &
Technology.4:247-257.
Betkowski, B. 2021.Sensor can help detect
when firefighters protective clothing is no
longer
safe.https://www.ualberta.ca/folio/2021/08/s
ensor-can-help-detect-when-firefighters-
protective-clothing-is-no-longer-safe.html
on January 4,2022.
Broorady, L. M., Barker, J., Lee, Y. A, Lin,
S. H. Cho, E. and Ashdown, S,
2013.Exploration of Firefighter Turnout
Gear Identifying Male Firefighter User
Needs. Journal of Textile and Apparel,
Technology and Management.8(1):1-13.
Broorady, L. M., Barker, J., Lee, Y. A,, Lin,
S. H., Cho, E., and Ashdown, S. 2013.
Exploration of Firefighter Turnout Gear
Identifying Female Firefighter User Needs.
Journal of Textile and Apparel Technology
and Management. 8(2):1-12.
Effect of Para Aramidon Performance of
Firefighting Clothing.
http://www.dupont.co.uk/productsandservice
s/personalprotectiveequipment/thermalprote
ctiveapparelaccessories/articles/nomex-
firefighting-clothing.html on 10 January
2022.
Hofmann, D., Wartig, A. K., Thomann, R.,
Dittrich, B., Schartel, B., and Mulhaupt, R.
2013. Functionalized graphene and carbon
mate- rials as additives for melt-extruded
flame retardant polypropylene.
Macromolecular Materials and Engineering.
298(12):1322-1334.
Huiju, P,. Seonyoung, K., Kristen, M.,
Melissa, M., Youngjin, M., and Jeffrey, S.
2015. Effect of firefighters personal
protective equipment on gait. Applied
Ergonomics.48: 42-48.
Jiang, D., Sun, C., and Zhou, Y. 2015.
“Enhanced flame retardancy of cotton
fabrics with a novel intumescent flame-
retardant finishing system. Fibers and
Polymers. 16(2):388-396.
Kesler, M.R., and Mayer, A. 2020.Effect of
firefighting hood design, laundering and

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

doffing on smoke protection, heat stress and
wearability. Ergonomics. 64(11):755-767.
Kubersky, P., Hamacek, A., Nespurek, S.,
Soukup, R., and Vik, R. 2013. Effect of the
geometry of a working electrode on the
behavior of a planar amperometric NO2
sensor based on solid polymer electrolyte.
Sensors and  Actuators  B-Chemical,
187:546-552.

Kumar, B., Das, S., and Kumar, M. 2019.
Study on fire hazard in textile industries.
International Research Journal of
Engineering and Technology.6:1246-1250.
Lin, H. S., and Boorady, M. L., and Chang,
CP. 2016. Preparation of firefighting hood
for cooling for phase change
materials. International Journal of
Engineering Research and Application.6:78-
81.

Mandal, S., Annaheim S., and Greve, G.
2018. A categorization tool for fabric system
used in firefighters clothing based on their
thermal protective and thermo-physiological
comfort  performances.Textile  Research
Journal.1-16.

Mao,N. 2014.High performance textiles for
protective clothing in High Performance
Textiles and their Applications, chapter 3,
pp. 91-143.

Mcquerry, M., Kwon, C., and Johnson, H.
2019. A critical review of female firefighter
protective  clothing and  equipment
workplace challenges. Research Journal of
Textile and Apparel.1-18.

Medentsev, N. V., and Doschanov, M.R.
2021. Results of research on fire-technical
indications determination of fire resistant
textile material. International Journal of
Progressive Sciences and
Technologies.25:345-351.

Nayak, R., Houshyar, S., and Padhye, R.
2014. Recent trends and future scope in the
protection and comfort of fire-fighters’
personal protective clothing. Fire Science
Reviews. 3(1):18-19.

Nayak, R., Houshyar, S., and Pandey, R.
2014. Recent trends and future scope in the
protection and comfort of fire-fighters
personal protective clothing. Fire Science
Reviews.3((4):2-19.

Page, G.W., and Butler, W.B. 2018. Fuel
and topographic influences on wildland
firefighter burnover fatalities in southern
California. International Journal of Wildland
Fire.27: 141-154.

DOI: 10.35629/5252-0407424428 Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 427



o

IJAEM

International Journal of Advances in Engineering and Management (IJAEM)
Volume 4, Issue 7 July 2022, pp: 424-428 www.ijaem.net

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

Park, H., Park, J., Lin, H .S. and Boorady,
M. L.2014. Assessment of firefighters needs
for personal protective equipment. Fashion
and Textiles. 1(8):1-13.

Parmar, M.S. 2021. Fire fighters suit: A
review. Textile Value Chain.1-7.

Rabajczyk, A., Zielecka, M., Popielarczyk,
T., and Sowa, T.2021. Nanotechnology in
fire protection- Application and
requirements. Materials.2-26.

Raslan, W.M., Rashed, S.U., and El-
halwagy, A.A. 2011. Ultraviolet protection
flame retardancy and antibacterial properties
of treated polyester fabric using plasma-nano
Technology.Materials Sciences  and
Applications. 2: 1432-1442.

Roy, P.K., Rajput, P., and Mabhipal, M. 2020.
Structural fire fighting suits : Futuristic
materials and design for enhanced comfort.
Trends in Textile Engineering & Fashion
Technology.6(2): 719-722.

Shaikh, A.M., Weigue, S., and Islam, S.M.
2019. Investigation of textile fire accident
and impact on  environment and
rapidevaciation plan in ring spinning
department: A case study.Global
Environment, Health and Safety.3:1-3.
Shaw, A. 2013. Selection of flame resistant
protective clothing in Handbook of Fire
Resistant Textiles, pp. 351-363.

Smith, D. L., Blois, J.P., and Kales, S.N.
2014. Combatting sudden cardiac death
(SCD) in the United States (US) fire service.
International Fire Service Journal of
Leadership & Management.8:23-30.

Smith, J., and Petrilli, T. 2013. Changes for
firefighter shirts and pants. United States
Department of Agriculture Forest Service.1-
4.

Song, G., Paskaluk, S., Sati, R., Crown, E.
M., Dale, J. D., and Ackerman, M.
2011.Thermal protective performance of
protective clothing used for low radiant heat
protection, Textile Research
Journal.81(3):311-323.

Song,G., Cao, W., and Gholamreza, F. 2011.
Analyzing stored thermal energy and
thermal protective performance of clothing.
Textile Research Journal. 81(11):1124-1138.
Soukup, R., Blecha, T., Hamacek, A., and
Reboun, J. 2014. Smart textile- based
protective  system for  firefighters.
https://www.researchgate.net/publication/28
6491846 on January 4, 2022.

Su, Y., He, J,, and Li, J. 2016. A model of
heat transfer in firefighting protective

[33].

[34].

clothing during compression after radiant

heat exposure. Journal of Industrial
Textiles.1-25.
Torvi, D.A., and Hadjisophocleus, V.G.

2012. Research in protective clothing for
firefighters state of the art and future
directions. Fire Technology. 35:111-130.

Zhang, H., Song, G., Ren, H., and Cao, J.
2017. The effects of moisture on the thermal

protective  performance of firefighter
protective clothing under medium intensity
radiant  exposure.Textile Research
Journal.1-16.

DOI: 10.35629/5252-0407424428

Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 428



