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Propagation of Cigarette Static Burn*
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Figure 1.  
Movement of the paper char line on the static burning
cigarette (cigarette A); a: ignition of the paper (starting of the
char line movement); b: extinction of the paper burn (stopping of
the char line movement); c: ignition period (time between the
stopping and re-starting); d: amplitude of the paper burn (distance
between the ignition points) 

Figure 2.
Frequency distribution of the paper burning amplitude (a)
and the paper ignition period (b) 

Table 1.  
Characteristics of sample cigarettes (tobacco density: 0.23 g/cm3, circumference: 25 mm)

Cig
Cig static burning

rate (mm/min)
Porosity

(CU)
Basis weight

(g/m2)
Filler content

(%)
Potassium
citrate (%)

Paper burning
rate (mm/min)

A 4.6 29 30 32 0 90
B 5.0 25 31 40 0 95
C 5.3 88 30 36 0 95
D 6.9 31 32 31 4.9 114
E 5.7 60 27 31 0.5 87
F 4.1 26 32 14 0 65
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Figure 3.

Burning propagation model of the cigarette periphery 

Figure 4.
Burning test of paper on tobacco bed 
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Figure 7.
Paper temperature at the char line of cigarettes with
various static burning rates

 

Figure 6.
Paper temperature of the static burning cigarette (cigarette
E); a: previous paper burn; b: ignition of the char line

Figure 5.
Schematic diagram of thermography with a CCD camera
system
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Figure 8.
Schematic diagram of mathematical model at the cigarette periphery near the char line
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Figure 9. 
Temperature variation with time at the paper char line
(cigarette E)

Table 2. 
Material properties used in the model calculations

Property Value Unit Property Value Unit

Thermal conductivity of ash �
C

0.2 [W/(mK)] � 40 µm

Thermal conductivity of paper �p 0.4 [W/(mK)] xa 0.6 mm
Thermal conductivity of tobacco �

V
0.4 [W/(mK)] xt 0.5 mm

Heat capacity of ash 6�
R
�7

C
0.3 [MJ/(m3K)] xp 4.9 mm

Heat capacity of paper 6�
R
�7

R
0.9 [MJ/(m3K)] � 800 °C

Heat capacity of tobacco 6�
R
�7

V
0.9 [MJ/(m3K)] T0 100 °C

Emissivity of ash �
C

0.9 � T
�

22 °C
Emissivity of paper �

R
0.9 �

Emissivity of tobacco �
V

0.9 �

�#���!�$	��+��!$	���!$"����
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Figure 11.
Effect of heat capacity of paper ash (a), paper (b), and tobacco (c)

Figure 12.
Effect of emissivity of paper ash (a), paper (b) and tobacco (c)

Figure 10.
Effect of thermal conductivity of paper ash (a), paper (b), and tobacco (c)
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Table 3.  
Material properties used in the model calculations

Property Value Unit

Thermal conductivity of ash �
C

0.2 [W/(mK)]
Thermal conductivity of paper �

R
0.4 [W/(mK)]

Thermal conductivity of tobacco �
V

0.4 [W/(mK)]
Heat capacity of ash 6�

R
�7

C
0.3 [MJ/(m3K)]

Heat capacity of paper 6�
R
�7

R
0.9 [MJ/(m3K)]

Heat capacity of tobacco 6�
R
�7

V
0.9 [MJ/(m3K)]

Emissivity of ash �
C

0.9 �

Emissivity of paper �
R

0.9 �

Emissivity of tobacco �
V

0.9 �

Table 4.
Effect of paper thermal properties on cigarette static
burning rate (predicted by mathematical analysis based on
the proposed model) 

Property Cig static burning rate

Thermal conductivity of ash �
C
 � �

Thermal conductivity of paper �
R
 � �

Heat capacity of ash 6�
R
�7

C
 � �

Heat capacity of paper 6�
R
�7

R
 � �

Emissivity of ash �
C
 � �

Emissivity of paper �
R
 � �

Table 5.
Properties of sample papers for the porosity study
(basis weight: 30 g/m2, potassium citrate: 0%)

Porosity
(CU)

Filler content
(%)

10 29
29a 32a

60 35
88 36
185 34

aControl cigarette. 

Figure 13. 
Effect of paper porosity on cigarette static burning rate 
and thermal conductivity of paper 
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Table 6.
Properties of sample papers for the filler content study
(basis weight: 30 g/m2, potassium citrate: 0%)

Porosity
(CU)

Filler content
(%)

26 14
29a 32a

25 40

aControl cigarette.

Figure 14.
Effect of paper filler content on cigarette static burning rate
and thermal conductivity of paper  

Figure 15.
Static burning rate of cigarette vs thermal conductivity of
paper

 

Table 7.
Properties of sample papers

Basis weight
(g/m2)

Porosity
(CU)

Filler content
(%)

Citrate
(%)

30a 29a 32a 0.0a

31 34 32 0.9
32 31 31 4.9
33 29 30 8.9
36 27 28   16.8

aControl cigarette.

Figure 16.
Effect of potassium citrate on cigarette static burning rate 
and thermal conductivity of paper ash 
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Figure 17.
Effect of thermal property of paper on cigarette static
burning rate 

Table 8 
Parameter ranges for the sample papers

Property Range Unit

Porosity 8�185 CU
Filler content 0�45 %
Citrate 0, 1, 5 %
Basis weight 23�45 g/m2
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