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Background and Introduction

Cigarette butts are the most littered item in the world, 

with estimates of 4+ trillion discarded annually

Cigarette butts are primarily composed of the 

filter, which is made of cellulose acetate (CA)

Public literature lacks comprehensive studies on the 

formulations of cellulose acetate fibers commonly 

found in cigarette filters

https://youssef-lab.sdsu.edu

Sample Preparation

• Create the foundation for investigating littered cigarette filters and fill the gap in 

literature on their physicochemical, thermomechanical, and dynamic properties

• Characterize the mechanical and time-dependent behavior of the filter microfibers

Objectives:
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Thermomechanical testing samples

Custom designed filter 

disc slicing device

Sectioned filter disc

Physicochemical and 

dynamic testing samples

Thermogravimetric Analysis

Differential Scanning Calorimetry

Custom designed filter 

side slicing device

Side sliced filter

Hydraulic pressFilter press die

Pressed filter

Fourier Transform 

Infrared Spectroscopy Dynamic Mechanical Analysis

Optical Microscopy

Scanning Electron 

Microscopy

Sample Type
Degree of 

substitution (DS)

Unsmoked filters 2.53

Smoked filters 2.51

CA powder 2.28
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Conclusions

1 Formed a foundation for investigating the littered cigarette filters and 

filled the gap in the literature on the filter fiber properties

2 Characterized the mechanical and time-dependent behavior of the 

cigarette filter microfibers

3 The properties and behavior of cigarette filter microfibers are 

predominantly linked to processing conditions, not smoking condition

Micrographic Characterization

• Filters consist of a cylinder of tangled CA microfibers

• Tobacco residues (such as tar and ash) remain the filters after smoking, causing yellowing and leaving particles

• The smoking process does not change the morphology or geometry of the microfibers

• The pressing process affects the outer microfibers strongly, but the inner ones experience less deformation
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Chemical Characterization
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𝐷𝑆 = 1.8742 − 1.2541𝑟 + 1.9760𝑟2
Where  𝑟 = 𝐼1215𝐼1030 when referenced to 

the baseline across 930 to 1580 cm-1

• Spectra differ due to plasticizers (fingerprint region valleys) and due to the smoking condition (νCH band)

• Increase in DS (associated with reduced biodegradability) is due to change in morphology, processing 

conditions, and the presence of additives (primarily plasticizers)

Thermomechanical Characterization
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• Moisture and volatiles strongly affect the degradation behavior

• Activation energy and thermal endurance are similar between 

all sample types

Sample type Td (°C)

Unsmoked filters 370.1 ± 0.8

Smoked filters 363.9 ± 0.9

CA powder 375.8 ± 0.9
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Using different heating rates and calculating the 

activation energy according to ASTM E1641: 

Sample type
Activation Energy 

(kJ/mol)

Unsmoked filters 184.3 ± 7.6

Smoked filters 186.4 ± 6.4 

CA powder 185.0 ± 9.9 

Using Td and activation energy to calculate the 

thermal endurance according to ASTM E1877: 

Sample type
Higher melting 

temperature (Tm) (°C)

Unsmoked filters 232.0 ± 4.1 

Smoked filters 233.6 ± 3.5

CA powder 233.4 ± 0.1 

Sample type
Lower melting 

temperature (Tm) (°C)

Unsmoked filters 205.9 ± 3.8

Smoked filters 206.4 ± 4.0

Appeared in 

53% of filter 

samples and 

all powder 

samples

Appeared 

in 77% of 

filter 

samples

Appears due to plasticizer rich 

portions of filter fiber
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Sample type
Glass transition 

temperature (Tg) (°C)

Unsmoked filters 176.3 ± 0.7

Smoked filters 177.0 ± 0.8

CA powder 170.8 ± 1.7

• Thermal transitions depend on morphology, 

processing conditions, and plasticizer content

Exo

Parameter

at 50°C
Unsmoked 

filters

Smoked 

filters

Storage modulus 

(MPa)
264.7 269.2

Loss modulus 

(MPa)
31.5 40.6

tan(δ) 0.119 0.152

• Storage modulus does not 

depend on smoking condition, 

while loss modulus and tan(δ) do
• The increase in loss modulus is 

due to an increase in inter-fiber 

friction

Smoking 

condition

E1

(MPa)

T1

(°C)
m1

E2

(MPa)

T2

(°C)
m2

ET

(MPa)
R2

Unsmoked 

filters
420.7 134.2 3.118 240.4 186.7 16.465 3.41 0.9998

Smoked filters 438.3 125.8 2.762 242.1 184.9 16.003 3.77 0.9999

𝐸 𝑇 = 𝑖=1𝑛 𝐸𝑖 − 𝐸𝑖+1 𝑒 − 𝑇𝑇𝑖 𝑚𝑖 + 𝐸𝑇 Ei – Storage moduli at plateaus

ET – Final storage modulus

Ti – Thermal transition temperatures

mi – Weibull coefficients

Mahiux-Reifsnider 

Model:

• The decrease in Weibull 

coefficient agrees with 

the increase in inter-

fiber friction
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