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Thermal characteristics of fibers
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Thermal behavior of Fibers

• Heat to textile material causes both physical and chemical 
changes.

• For thermoplastic fibers, the physical changes occur at the 
second order transition (Tg), and melting temperature (Tm), 
while the chemical changes occur at pyrolysis temperatures 
(Tp) at which thermal degradation occurs.

When a textile is ignited, the rate of rise in temperature

depends on;

• a) The specific heat of the fiber,

• b) Its thermal conductivity

• c) The latent heat of fusion (for melting fibers) and

• d) The heat of pyrolysis.
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Thermal conductivity
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Thermal Conductivity
4

The ability of a material to transport heat.

temperature

gradient

thermal conductivity (W/m/K)

heat flux

(J/m2-s)

•  Atomic perspective: Atomic vibrations and free electrons 

in hotter regions transport energy to cooler regions.

T2 T2 > T1
T1

x1 x2heat flux

dx

dT
kq −=

Fourier’s Law

λ
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Factors affecting thermal conductivity

Thermal conductivity mainly 
depends on;
1.Temperature
2.Degree of crystallinity
3.Density of polymer
4.Orientation of chain segments
5.Structure
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Thermal Conductivity: 
Comparison
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•  Polymers

Polypropylene 0.12
Polyethylene 0.46-0.50 
Polystyrene 0.13 
Teflon 0.25

vibration/rotation of 

chain molecules

•  Ceramics

Magnesia (MgO) 38
Alumina (Al2O3) 39 
Soda-lime glass 1.7 
Silica (cryst. SiO2) 1.4

atomic vibrations

•  Metals

Aluminum 247
Steel 52 
Tungsten 178 
Gold 315

atomic vibrations 

and motion of free 

electrons

λ (W/m-K)
Energy Transfer

MechanismMaterial

Selected values from Table 19.1, Callister & Rethwisch 8e.
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Heat capacity

•  Quantitatively: The energy required to produce a unit rise 

in temperature for one mole of a material.

heat capacity

(J/mol-K)

energy input (J/mol)

temperature change (K)

•  Two ways to measure heat capacity:

Cp :  Heat capacity at constant pressure.

Cv :  Heat capacity at constant volume.

Cp usually > Cv

• Heat capacity has units of 








− Fmollb

Btu
  

Kmol

J

dT

dQ
C =

The ability of a material to absorb heat.

Specific Heat 
capacity
C = Q/m. ΔT
How much each unit 
of mass is stored
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Specific heat capacity



Properties of Fibers_KMI-VV Dr. Mohanapriya Venkataraman, M.Tech., M.F.Tech., Ph.D.

Atomic Vibrations 
(Vibrational Heat Capacity)

Atomic vibrations are in the form of lattice waves or phonons.

In most solids, the principal mode of absorption of thermal energy is by the increase
in the vibrational energy of the atoms.
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•  Why is cp significantly

larger for polymers?

•  Polymers

Polypropylene
Polyethylene 
Polystyrene 
Teflon

cp (J/kg-K)

at room T

•  Ceramics

Magnesia (MgO)

Alumina (Al2O3)

Glass

•  Metals

Aluminum 
Steel 
Tungsten 
Gold

1925
1850 
1170 
1050

900 
486 
138 
128

cp (specific heat):   (J/kg-K)

Material

940 

775 

840

Cp (heat capacity):  (J/mol-K)

Specific Heat:  Comparison
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Thermal Expansion

Materials change size when temperature is changed.

    

 

l final − l initial

l initial

=  l (Tfinal −Tinitial)

linear coefficient of

thermal expansion (1/K or 1/ºC)

Tinitial

Tfinal

 initial

 final

Tfinal > Tinitial

The fractional increase in length of a 
material due to rise in temperature by 1 oC
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Coefficient of Thermal 
Expansion: Comparison

•  Q:  Why does 
generally decrease

with increasing

bond energy?

Polypropylene 145-180 
Polyethylene 106-198 
Polystyrene 90-150 
Teflon 126-216

•  Polymers

•  Ceramics
Magnesia (MgO) 13.5
Alumina (Al2O3) 7.6
Soda-lime glass 9
Silica (cryst. SiO2) 0.4

•  Metals
Aluminum 23.6
Steel 12 
Tungsten 4.5 
Gold 14.2

 (10-6/C)

at room T
Material

Polymers have larger 

 values because of 

weak secondary bonds
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a
s
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Thermal diffusivity

It measures the ability of a material to conduct thermal energy 
relative to its ability to store thermal energy. It has the SI unit of 
m²/s. Thermal diffusivity is usually denoted by α 
The formula is:

α = λ /(c x ρ )

where
λ is thermal conductivity (W/(m·K))
ρ is density (kg/m³)
c is specific heat capacity (J/(kg·K))
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Pyrolysis

• Pyrolysis is a 

chemical reaction. 

• This reaction 

involves the 

molecular 

breakdown of larger 

molecules into 

smaller molecules in 

the presence of 

heat. 

• Pyrolysis is also 

known as thermal 

cracking, cracking, 

thermolysis, 

depolymerization, 

etc.

• PYRO – HEAT

• LYSIS - BREAK DOWN
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The Pyrolysis effects within 
different temperature zone
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Lists of Tg, 
Melting and 
Pyrolysis 
temperatures 
and LOI%
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Thermal properties
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Melting points of some Thermoplastic textile fibres
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DSC – Differential scanning calorimetry
TGA- Thermo gravimetric Analysis

m
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Flammability
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Fire Tetrahedron

Heat temperature

Fuel (reducing agent) Oxygen (Oxidizing agent)

Chemical chain reaction

Polycyclic aromatic Hydrocarbons - Tar And methane 

Heat release rate (HRR) = product of mass loss rate per unit of exposed 
surface area and its actual heat of combustion.
Heat release rate varies with fuel characteristics and vent profiles
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While selecting and designing the flame protective clothing;
1. Burning behavior of textile fibers
2. Influence of fabric structure and garment shape on the burning behavior
3. Selection of non-toxic, smoke free flame retardant additive.
4. Intensity of the ignition source
5. Oxygen supply

Complex textile combustion process – Heating, decomposition leading to gasification 
(fuel generation), ignition and flame propogation.



Properties of Fibers_KMI-VV Dr. Mohanapriya Venkataraman, M.Tech., M.F.Tech., Ph.D.

Flammability prevention
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Limiting Oxygen Index
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Fiber degradation
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Burning 
Behavior of 
Textile Fibers
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Factors affecting the flammability;

• Ease of ignition

• Rate of burning and 

• heat release rate

Factors that influence the thermal protection level;

• Melting and shrinking

• Characteristics of synthetic fibers fabrics, and emission of

• smoke and toxic gases during burning.

Selection and designing the flame protective clothing;

• Burning behaviour of textile fibres.

• Influence of fabric structure and garment shape on the burning behaviour.

• Selection of non-toxic, smoke free flame-retardant additive.

• Intensity of the ignition source.

• Oxygen supply.
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Flammable 
Properties 
of Fibres


