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Abstract
Cigarette butt is a hazardous solid waste produced in large amounts worldwide, and its improper disposal has been 
becoming a critical and urgent issue. This work investigates the incorporation of cigarette butt waste as an alternative 
raw material into an industrial roofing tile body, in replacement to natural roofing tile body by up to 5 wt.%. Roofing 
tile formulations containing cigarette butt waste were pressed and sintered at 1100 °C. The technical properties of the 
ceramic roofing tile pieces, including linear shrinkage, apparent density, weight loss, water absorption, and flexural 
strength, were investigated. The microstructural evolution was accompanied by scanning electron microscopy. The test 
results showed that cigarette butt waste could be used in eco-friendly ceramic roofing tile with good technical proper-
ties, in the range up to 5 wt.%, as a partial replacement for traditional roofing tile body, thus giving rise to a new feasible 
alternative for the sustainable application of cigarette butt waste.
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1 Introduction

In the twenty-first century, a significant part of the world 
population still maintains the habit of smoking tobacco. 
The world’s largest tobacco producers are concentrated 
in countries of great territorial and population extension, 
such as China (first), Brazil (second), India (third), and USA 
(fourth). In 2016, according to the World Health Organiza-
tion (WHO) [1], the estimated number of tobacco smok-
ers among people aged ≥ 15 years is about 1.11 × 109. In 
order to supply this high demand, the tobacco industry 
produces several trillion cigarettes every year. As a result, 
people who smoke tobacco in the world generate a signifi-
cant amount of cigarette butt waste, which is estimated to 
be around 4.5 × 1012 units per year [2]. However, the world 
population is still growing, so that the levels of cigarette 
butt waste production are expected to increase in the next 
years.

The cigarette butt is a solid waste material defined as 
the cigarette remaining at the conclusion of the smold-
ering phase following smoking act [3]. It corresponds to 
about 30% of the original cigarette length and consists of 
four major components, such as filter material, unburned 
tobacco, paper, and ash. This solid waste is considered 
a hazardous and highly polluting due to the significant 
amount of toxic chemical compounds that are present in 
each component of this one [3–7]. In addition, the filter 
material is mainly produced from cellulose acetate that is 
slow to biodegrade and can remain in the environment for 
several years [8]. In view of this, the cigarette butt waste, 
when disposed of directly into the environment without 
any treatment, can cause negative impacts on terrestrial 
and aquatic ecosystems, landscapes, and public health. 
The landfilling and incineration methods have been tested 
for the disposal of cigarette butt waste generated in large 
urban centers and cities [9]. However, these methods 
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are not considered feasible in terms of environmental 
and economic sustainability. Although enormous effort 
has been doing in the last years, a sustainable approach 
for the disposal of cigarette butt waste has not yet been 
established.

In recent years, several alternative uses for cigarette butt 
waste have been tested. For example, it has been tested 
as corrosion inhibitor [10], biofilm carrier [11], activated 
carbon [12, 13], preparation of cellulose pulp [14], bitu-
minous mixture [15], concrete [16], and as carbon source 
for supercapacitors and adsorbents [17]. Besides that, the 
use of cigarette butt waste in fired clay bricks is receiving 
increasing attention worldwide [2, 5, 9, 18–22]. However, 
the use of cigarette butt waste to produce ceramic roof-
ing tiles has not yet been investigated. The ceramic roof-
ing tiles are components intended for the assembly of a 
watertight cover, of discontinuous application [23]. When 
compared to the fired clay brick, the ceramic roofing tile 
has a higher added value, lower water absorption (open 
porosity), and higher density, and is waterproof. Some 
favorable reasons for using cigarette butt waste on eco-
friendly ceramic roofing tile include the following: (1) The 
roofing tile bodies are primarily composed of mixture of 
clays, which allows a wide variation of their chemical and 
mineral composition; (2) the high temperature employed 
in the sintering step allows the destruction and volatiliza-
tion of dangerous components present in the cigarette 
butt waste; (3) heavy metals and toxic compounds can be 
inertized through fixation in the sintered ceramic matrix; 
and (4) the industrial route for the manufacture of ceramic 
roofing tiles is little modified.

Therefore, considering the growing concerns related 
to the disposal of cigarette butt waste, the present study 
focuses on the feasibility of introducing cigarette butt 
waste into an industrial roofing tile body as a replacement 
for traditional non-renewable raw materials.

2  Materials and methods

In this work, industrial roofing tile body and cigarette butt 
waste were selected as starting raw materials. The ciga-
rette butt waste was collected from a company located in 
southeastern Brazil (São João da Barra-RJ), which provides 
an area for smokers with a metal receptacle. The chemi-
cal analysis of the industrial roofing tile body used in this 
work (Table 1) was determined by using X-ray fluorescence 
spectrometer (PW 2400 model; Philips). The mineralogical 
analysis was performed by X-ray diffraction in a conven-
tional diffractometer (XRD 7000 model, Shimadzu) using 
Cu-Kα radiation at a scanning speed of 1.5° (2θ)/min). In 
mineral terms, it is mainly composed of kaolinite, and in 

minor amounts, there are quartz, gibbsite, goethite, and 
illite [24].

Selected roofing tile bodies containing 0, 1.25, 2.5, 3.75, 
and 5 wt. % cigarette butt waste were prepared (Table 2). 
In this study, the industrial roofing tile body was replaced 
with increasing amounts of cigarette butt waste. The raw 
materials were dry-ground and then sieved until the frac-
tion passing in a 42-mesh (355 µm ASTM) screen. Particu-
larly, the cigarette butt waste was ground through the 
knife mill. The compositions of the proposed formulations 
(Table 2) were mixed and homogenized by using a cylin-
drical mixer for 20 min. The moisture content (moisture 
mass/dry mass) was adjusted to 7%.

The loss on ignition (LoI) of the cigarette butt waste 
sample was determined by LoI = (Md−Mc)/Md × 100, in 
which Md is the weight of the dry sample at 110 °C and 
Mc is the weight of the calcined sample at 1100 °C dur-
ing 2 h. The qualitative elementary chemical analysis was 
performed using the energy-dispersive X-ray spectrometer 
(EDX 700; Shimadzu). The morphological aspects of the 
cigarette butt waste particles were examined by scan-
ning electron microscopy (SEM SSX-550, Shimadzu). The 
particle-size analysis of the roofing tile bodies was per-
formed by a combination of sieving and sedimentation 
procedures, according to NBR 7181 [25]. Plasticity tests 
according to the Atterberg method were also carried out.

R e c t a n g u l a r  r o o f i n g  t i l e  p i e c e s  ( s i z e , 
11.5 cm × 2.54 cm × 1.0 cm) were prepared by uniaxial 

Table 1  Chemical analysis of 
the industrial roofing tile body 
(wt.%)

SiO2 49.80
Al2O3 26.56
Fe2O3 7.63
K2O 1.44
Na2O 0.49
CaO 0.46
MgO 0.77
TiO2 1.11
MnO 0.05
P2O5 0.14
LoI at 1000 °C 11.57

Table 2  Compositions of the roofing tile formulations (wt.%)

Formulation Clayey body Cigarette 
butt waste

MLA1 100,00 0,00
MLA2 98,75 1,25
MLA3 97,50 2,50
MLA4 96,25 3,75
MLA5 95,00 5,00
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pressing at 24 MPa and then dried in an oven (110 °C for 
24 h). The green roofing tile pieces produced were sintered 
at 1100 °C for 2 h in a laboratory muffle kiln. In this study, 
a slow-firing cycle (24 h cold to cold) was considered to 
simulate an actual sintering process used in the manufac-
ture of industrial roofing tile.

Linear shrinkage values were determined by measur-
ing variation in the length of rectangular piece upon dry-
ing and firing according to ASTM C326-09 [26]. The values 
of water absorption were determined according to NBR 
15,310 [23]. The apparent density and apparent porosity 
were determined by the Archimedes method [27]. The 
flexural strength (FS) was determined by a three-point 
bending test (Model 5588, Instron) at a loading rate of 
0.5 mm/min according to FS = 3PL/2bd2, where P is the 
load at rupture, L is the distance between supports, b is 
the specimen width, and d is its thickness. Scanning elec-
tron microscopy operating at 15 kV was used to evaluate 
gold-coated fracture surfaces of the sintered specimens 
by secondary electron imaging (SEI).

3  Results and discussion

The loss-on-ignition (LoI) behavior of cigarette butt waste 
found was very high weight loss of about 89.47%. This 
finding is mainly attributed to the organic nature of the 
cigarette butt waste, which tends to be destroyed when 
exposed to high temperature. In fact, cigarette butt 
waste is mainly composed of cellulose acetate, which is 
an organic ester derived of cellulose. The thermal decom-
position of cellulose acetate is mainly related to dehy-
dration and acetic acid removal with a final weight loss 
of about 88% [28], which is in accordance with the LoI 
value obtained in this study. This result is very important 
because the cigarette butt waste facilitates the develop-
ment of porosity in the sintered structure; consequently, it 
can influence the densification and technical properties of 
the roofing tile body. It was also found about 10.53 wt.% of 
a residual white product (ash) generated during the ther-
mal decomposition of the cigarette butt waste. Such an 
ash will be incorporated into sintered roofing tile piece.

The elements present in the cigarette butt waste used in 
this study were only detected qualitatively by EDX analysis. 
The elements found in the cigarette butt waste were Ca, K, 
Ti, Cl, Fe, Si, V, S, Mn, Zr, and Sr. This result is in accordance 
with the literature [3, 5, 29], where the elements detected 
in cigarette butt waste are well documented.

Morphological aspects of the starting raw materials are 
presented in Fig. 1a, b. It can be observed that the ciga-
rette butt waste is mainly composed of elongated slat-like 
plates of cellulose acetate in a completely random way, as 
shown in the SEM image of Fig. 1a. In addition, the plates 

have a smooth and non-porous texture. The industrial 
roofing tile body used in this work is mainly composed of 
lamellar plate-shaped particles highly agglomerated that 
are coming from the kaolinite, as shown in Fig. 1b.

The particle size data of the prepared roofing tile bod-
ies are shown in Table 3. It was found that the roofing tile 
bodies have a very similar granulometric behavior. All of 
them had a high amount of clay fraction (< 2 µm) with 
about 52–56%, which is mainly related to the presence of 
kaolinite. Thus, the cigarette butt waste added in a small 
amount (up to 5 wt.%) had little influence on the granu-
lometric behavior of the industrial roofing tile body used 
in this work.

Table 4 gives the plasticity of the roofing tile bodies. 
It was evaluated by the Atterberg plastic index (PI) given 
by PI = UPL−LPL, where UPL is the upper plastic limit and 
LPL is the lower plastic limit. The results revealed that the 
ceramic bodies had high plasticity (PI = 29.7−30.5%), which 
is adequate for the industrial roofing tiles production. In 
terms of soil mechanics, the roofing tile bodies containing 
cigarette butt waste could be classified as high-plasticity 
inorganic clays [30]. This is in accordance with the granu-
lometric behavior in which the roofing tile bodies are rich 
in clay fraction (< 2 μm). All roofing tile bodies prepared 
in this study had plasticity adequate for industrial roofing 
tile production [31]. Also, this analysis revealed that the 
incorporation of the cigarette butt waste had little influ-
ence on the plasticity behavior of the roofing tile bodies, 
according to the granulometric data in Table 3.

Table 5 gives the technological properties of the roof-
ing tile pieces after drying at 110 °C. The results indicated 
that there are no significant differences on the drying 
shrinkage of the green roofing tile pieces, independently 
of the amount of incorporated cigarette butt waste. The 
green roofing tile pieces had low drying shrinkage values 
(LS = 0.15−0.17%), indicating suitability for industrial pro-
duction. The drying density of the roofing tile pieces was 
within the range between 1.68 and 1.73 g/cm3. However, 
the drying density was observed to decrease, as the ciga-
rette butt waste amount increased up to 5 wt.%. This find-
ing can be attributed to the lower density (1.32 g/cm3) of 
cellulose acetate [32], which is the main component of the 
cigarette butt waste. The drying flexural strength values 
obtained (FS = 1.10−2.15 MPa) are suitable for manufac-
turing ceramic roofing tile. It was observed that the ciga-
rette butt waste improved the dry mechanical strength 
of the roofing tile pieces. This effect is related to a better 
compacting response in dry state of the roofing tile pieces 
containing cigarette butt waste.

Figure 2 shows the fracture surface of MLA1, MLA3, and 
MLA5 formulations sintered at 1100 °C. SEM micrographs 
illustrate the evolution of the sintered microstructure of 
roofing tile pieces as the amount of cigarette butt waste 
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increases. It can be observed in Fig. 2b, c that the MLA3 
and MLA5 formulations had a sintered microstructure 
slightly more porous than the waste-free pieces (Fig. 2a). 
This means that the control of the amount of cigarette 
butt waste (up to 5 wt.%) into roofing tile body tends to 
cause only small changes on the microstructure. All sin-
tered pieces presented an advanced sintering stage. The 

development of the microstructure with signs of vitrifica-
tion in the sintered aluminosilicate matrix can be observed. 
In fact, at 1100 ºC a glassy phase starts to emerge and 
reduces the porosity of the ceramic ware. Such a glassy 
phase formed is also highly beneficial because it improves 
the chemical resistance against leaching of toxic metals 
present in the cigarette butt waste.

Fig. 1  Morphology of the 
starting raw materials particles: 
a cigarette butt waste; and b 
roofing tile body
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The quality of the ceramic roofing tile pieces after sin-
tering at 1100 °C was evaluated on the basis of their tech-
nical properties: linear shrinkage, apparent density, weight 
loss, water absorption, and flexural strength. The sintered 
pieces with 0 wt.% cigarette butt waste (MLA1 formula-
tion, 100% industrial roofing tile body) were used as refer-
ence. The incorporation of cigarette butt waste had little 
influence on the color of the ceramic roofing tile pieces 
sintered at 1100 °C (Fig. 3), presenting reddish-yellow color 
because of the presence of iron oxide  (Fe2O3), as shown 
in Table 1. Such a sintering color obtained is suitable for 
industrial ceramic roofing tile production. In addition, 
no roofing tile piece has shown any indication of surface 
stains and defects due to the incorporation of cigarette 
butt waste.

The linear shrinkage values for the roofing tile pieces 
are shown in Fig. 4. The roofing tile pieces presented lin-
ear shrinkage values within the 6.97–8.42% range. The 
results indicated that the effect of the incorporation of the 
cigarette butt waste caused only small variations within 
the dispersion limits. In view of this, a good dimensional 
control of the roofing tile pieces containing up to 5 wt.% 
of cigarette waste can be obtained. The values of linear 
shrinkage also revealed that the roofing tile pieces were 

sintered prevalently through the viscous flow mechanism, 
indicating the progress of vitrification (formation of glassy 
phase) [33].

The apparent density of the roofing tile pieces sintered 
at 1100 °C is shown in Fig. 5. The apparent density of the 
sintered pieces was in the range of 1.91–2.04 g/cm3, which 
is typical of ceramic roofing tile materials. However, the 
apparent density had a tendency to decrease when the 
cigarette butt waste amount was increased. The densifi-
cation behavior of the roofing tile pieces containing ciga-
rette butt waste is quite complex and is associated with 
several simultaneous opposing factors influencing the 
densification, namely: (1) The decomposition of the ciga-
rette butt waste during the sintering step tends to increase 
weight loss (Fig. 6); (2) sintering by viscous flux mechanism 
tends to reduce the pore volume in the material structure; 
(3) the heat produced by the combustion of the cigarette 
butt waste tends to aid the sintering of the roofing tile 
body; and (4) the ash generated during combustion of the 
cigarette butt waste also helps in the densification of the 
roofing tile pieces.

Figure 7 shows the water absorption values of the sin-
tered roofing tile pieces. This physical property is directly 
related to the open pores available, which strongly 
impacts the microstructure, impermeability, mechanical 
strength, and durability of ceramic roofing tile materials. 
The roofing tile pieces produced in this work reached the 
values of water absorption between 11.83 and 15.29%. 
It was also observed that the water absorption tends to 
increase with addition of cigarette butt waste. This result 
is in good agreement with the apparent density (Fig. 5) 
and apparent porosity (Fig. 8). Conversely, the values of 
water absorption found are in line with the dense micro-
structure of the sintered pieces (Fig. 2). Fundamentally, the 
formation of glassy phase during sintering contributed to 
eliminating a substantial amount of open pores. The water 
absorption (WA) is used to evaluate the technical quality 
of ceramic roofing tile materials (WA ≤ 20%) [23]. As can 
be seen in Fig. 7, all roofing tile pieces achieved the water 
absorption specification in terms of Brazilian standardiza-
tion, regardless of the added cigarette butt waste amount.

Flexural strength of the sintered roofing tile pieces is 
shown in Fig. 9. The flexural strength is also a key factor 
in terms of technical quality of ceramic roofing tile mate-
rials. The results of flexural strength found are quite cor-
related with the other physical properties and sintered 
microstructure. The flexural strength values of the roof-
ing tile pieces, considering the dispersion limits, reached 
only small variations with cigarette butt waste addition 
(8.24–12.36 MPa). In short, all sintered pieces at 1100 °C 
met flexural strength recommended for industrial roofing 
tile production (> 6.5 MPa) [34]. This is an important techni-
cal issue, because the physical and mechanical properties 

Table 3  Particle size distribution of the roofing tile bodies (% in 
mass)

Formulation Clay (< 2 µm) Silt (2 ≤ x < 60 µm) Sand 
(> 60 µm)

MLA1 56 35 9
MLA3 55 33 12
MLA5 52 35 13

Table 4  Atterberg limits for the 
roofing tile bodies (%)

Formulation UPL PI LPL

MLA1 64.0 33.5 30.5
MLA3 64.9 35.2 29.7
MLA5 64.5 34.8 29.7

Table 5  Technological properties of the roofing tile pieces after 
drying at 110 ºC

LS—linear shrinkage; BD—bulk density; FS—flexural strength

Formulation LS (%) BD (g/cm3) FS (MPa)

MLA1 0.15 ± 0.02 1.73 ± 0.01 1.10 ± 0.10
MLA2 0.16 ± 0.02 1.72 ± 0.01 1.58 ± 0.44
MLA3 0.15 ± 0.02 1.70 ± 0.03 2.15 ± 0.09
MLA4 0.16 ± 0.03 1.70 ± 0.01 1.99 ± 0.16
MLA5 0.17 ± 0.02 1.68 ± 0.01 2.00 ± 0.32
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Fig. 2  SEM micrographs of the 
fracture surfaces of the ceramic 
roofing tile pieces: a MLA1; b 
MLA3; and c MLA5
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of technological interest of the ceramic roofing tile pieces 
produced had little changes due to addition of cigarette 
butt waste (up to 5 wt.%). In connection with this, the fea-
sibility of cigarette butt waste to produce ceramic roofing 
tiles and prevent high environmental impacts must also 
be highlighted.

4  Conclusions

The results of this study suggest a feasible method of 
managing the recycling of cigarette butt waste in a sus-
tainable way to produce eco-friendly ceramic roofing tiles. 
The cigarette butt waste used in this study is essentially 
an organic material that decomposes during the sinter-
ing process. As such, it acts as a pore-forming agent. It 
was found that the cigarette butt waste incorporated into 
industrial roofing tile body caused only small changes on 
the technical properties and sintered microstructure. The 
incorporation of cigarette butt waste, in the range up to 5 
wt.%, allows the production of eco-friendly ceramic roof-
ing tile with good technological properties. This result is 
of high practical, economic, and environmental interest 
due to the possibility of valorization of a solid waste with 
a high potential for environmental pollution that is present 
in huge amounts in the environment through inadequate 
disposal.Fig. 3  Roofing tile pieces sintered at 1100 ºC

Fig. 4  Linear shrinkage of the roofing tile pieces versus waste amount
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Fig. 5  Apparent density of the roofing tile pieces versus waste amount

Fig. 6  Weight loss of the roofing tile pieces versus waste amount
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Fig. 7  Water absorption of the roofing tile pieces versus waste amount

Fig. 8  Apparent porosity of the roofing tile pieces versus waste amount
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