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Abstract Addition of precipitated calcium carbon-
ate (PCC) to cellulosic products can reduce production
costs and modify their physical properties. This study
investigated the effects of adding PCC on the prop-
erties of reconstituted tobacco sheet (RTS), a cellu-
losic product. Scanning electron microscopy (SEM)
analysis showed that adding PCC to the coating could
modify the surface microstructure of RTS. With
increasing PCC addition, the strength and tar release
per cigarette of RTS decreased. However, the filling
capacity, bulk, and CO release content in the main-
stream smoke reached optimal values when the
proportion of PCC in the coating was 8%. Thermo-
gravimetry (TG) and differential thermogravimetry
(DTG) analysis indicated that the main thermal
pyrolysis stage occurred in the range of 200400 °C,
similar to cellulosic components. The Coats—Redfern
equation was used to analyze the thermal pyrolysis
mechanism. The fitting results showed that, in the
range of 200-280 °C, the best fit model for RTS with 4
or 8% PCC was diffusion-controlled reaction (D1)
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with fitting correlation coefficient (rz) of 0.9630 and
0.9576, respectively. Meanwhile, in the range of
280-400 °C, the most reliable fitting model for RTS
with 4% PCC was chemical reaction (F2) with
* = 0.9681. One reaction model could not describe
the thermal pyrolysis of RTS with 12% PCC in the
main decomposition stage. The thermal kinetic
parameters suggested that addition of PCC to RTS
coatings could modify the thermal pyrolysis mecha-
nism, but did not change the peak temperatures in the
main thermal decomposition stage. This study demon-
strates that addition of PCC to RTS coating is a
promising method to improve its quality.

Keywords Reconstituted tobacco sheet - Cellulosic
product - Precipitated calcium carbonate - Tar - Carbon
monoxide - Thermal pyrolysis mechanism

Abbreviations
PCC Precipitated calcium carbonate
RTS Reconstituted tobacco sheet

Introduction

Reconstituted tobacco sheet (RTS) is a cellulosic
product that enables comprehensive use of tobacco
waste, being widely applied by cigarette manufactur-
ers as an additive or for partial substitution of tobacco
in cigarettes (Green et al. 2007; Kumar and Gomes
2001). RTS is mainly produced from tobacco stems
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and leaf scraps through a paper-making process. The
conventional process can be divided into two parts,
i.e., RTS base-paper making and coating (Gao et al.
2015; Sung and Seo 2009). Tobacco stems and leaf
scraps are extracted using water or ethanol, and the
fractions that are solution and insoluble in water/
ethanol are separated. The soluble fraction is concen-
trated to prepare coatings, while the insoluble solids
are mechanically fibrillated to prepare RTS base-
paper. The materials used to produce RTS are always
obtained from tobacco waste which cannot be incor-
porated directly into cigarettes. Such use of agroin-
dustrial waste is an aspect of biorefining and can result
in improved sustainability and economic potential
(Xiang and Runge 2014, 2016). Therefore, RTS offers
great economic advantages when replacing some of
the ingredients in cigarettes or cigars. Besides, the
preparation process for RTS can result in particular
components that differ from those of natural tobacco
leaves, offering the potential to modify the quality or
flavor of cigarettes. Furthermore, RTS can reduce the
harm that cigarettes may do to humans (Zhong et al.
2010). All of these advantages have motivated
researchers to improve the quality of RTS.
Reconstitution processes for RTS are always asso-
ciated with some loss of natural constituents, such as
water-soluble sugars, alkaloids, special tobacco fla-
vors, etc., resulting in different chemical constitution
and physical properties compared with tobacco leaves
or stems (Chen et al. 2014; Potts et al. 2010). There-
fore, humectants, flavorings, combustion modifiers,
rheological agents, and mineral additives (e.g., pre-
cipitated calcium carbonate, PCC) are mixed into the
coating to improve the smoking flavors and reduce the
harshness and irritation of RTS (Wanna et al. 2004).
PCC is considered to be an important nontoxic
inorganic filler and is widely used in paper-making
industries (Shen et al. 2009). Use of PCC in paper can
reduce the amount of fiber used and improve sheet
formation, dimensional stability, appearance, and
other physical properties of paper products (Shen
et al. 2009, 2014). Therefore, PCC addition may also
control the physical properties of RTS, such as
porosity, bulk, burning rate, paper strength, etc. (Holik
2006; McAdam et al. 2011; Zhou et al. 2013). Addi-
tionally, addition of PCC to RTS coating could reduce
the amount of concentrated water/ethanol extract used
in the coating (Wang et al. 2011). Another benefit is
related to esthetic aspects of cigarette smoking, i.e.,
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ensuring formation of aggregated ash during smoking
(Shen et al. 2014). The filling capacity of RTS is an
important parameter to evaluate the smoke release
contents and burning property. Usually, RTS with
higher filling ability burns more completely and is
particularly suitable for use as a cigarette or cigar filler
(Nellen 1985).

In this study, RTS was prepared by the papermaking
process. PCC was added to the RTS coating to modify
its physical properties and microstructure. The main-
stream smoke release contents and thermal pyrolysis of
RTS were also investigated. This study may offer a
theoretical basis for application of PCC in RTS coatings
for comprehensive utilization of tobacco waste.

Experimental
Materials

Tobacco stems and tobacco leaf scraps were obtained
from Hunan, China. Precipitated calcium carbonate
(PCC) and sodium citrate were obtained from Yongzheng
Holding Co., Zhejiang, China. Carboxymethyl cellulose
(CMC) was purchased from Danisco Corporation.

Methods

Reconstituted tobacco sheet (RTS) was prepared using
the procedure described by Gao et al. (2014). Briefly,
reconstituted tobacco sheet base paper was made by
the paper-making method with basis weight of 75 g/
m?”. The base paper was constituted of 47% tobacco
stem fibers, 47% tobacco leaf scrap fibers, and 6%
bleached softwood pulp. RTS coating was made as
follows: 0.1% CMC and 1% potassium citrate were
added to concentrated tobacco water-soluble extract,
respectively (based on dry weight of concentrated
tobacco extract). The main components of the tobacco
water-soluble extract were sugars, alkaloids, nitrogen
compounds, and chloride compounds, as determined
using a continuous flow analytical instrument (AA3,
SEAL Analytical Co., UK) according to China
Tobacco  Standards (YCT 159-2002, YCT
160-2002, YCT 161-2002, YCT 162-2002). Precip-
itated calcium carbonate (PCC) was added at different
proportions (2, 4, 6, 8, 10, and 12%) into the RTS
coating. The volume average particle diameter of PCC
was about 2.81 pum as analyzed by Malvern Zetasizer
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(Nano ZS ZEN3600, Malvern, UK). The coating solid
content was controlled to about 39% by addition of
distilled water. After that, the mixture was stirred
using a high-speed dispersion machine at speed of
2000 r/min for 1 h. The viscosity of the prepared
coatings was 100 mPa s, and the pH was 4.5-4.7, as
measured using a pH-meter (H14221) at 25 °C. The
coating process was conducted using a K Control
Coater, and the coating weight was controlled to about
36 g/m>. All of the coated paper was dried in an oven
and equilibrated at 25 °C and 50% relative humidity
(RH) for 48 h before further analysis.

Physical properties of reconstituted tobacco sheet

The tensile index, tear index, bulk value, and gas
permeability were tested according to Technical Asso-
ciation of the Pulp and Paper Industry (TAPPI)
standards. The filling value of RTS was analyzed using
a filling value meter (Borgwaldt, Germany), according
to Chinese standard Y/CT 152-2001, equilibrium
moisture content (water absorbability): The RTS was
placed in a humidity chamber at RH of 40, 60, and 80%
for 48 h at 22 °C, and the moisture content measured.

Mainstream smoke analysis

Mainstream smoke analysis of RTS was conducted
following the method introduced by Gao et al. (2014).
The delivery of tar and carbon monoxide per cigarette
in the mainstream smoke was tested using an SM450
linear smoking machine according to YC/T 29 and
YC/T 30 standards. All of the RTS cigarette samples
were prepared by hand.

Thermogravimetric analysis

Approximately 10 mg of RTS sample was placed in an
aluminum pan and tested using a thermogravimetric
analyzer (TG Q500, TG, USA), increasing the
temperature from 40 to 700 °C at heating rate of
10 °C/min using a high-purity nitrogen flow rate of
25 mL/min throughout the analysis.

Kinetic analysis
Thermal pyrolysis of RTS is a kind of heterogeneous

solid-state reaction, generally being expressed as
(Ceylan et al. 2014) in Eq. (1):

dx
S =KD (@), (1)

where o is the weight loss rate expressed as in Eq. (2):

My —M

e 2
d= @

where My, M, and M, refer to the initial weight, the
weight at given temperature, and the final weight,
respectively.

To analyze the main pyrolysis mechanism of RTS
with PCC added to the coating, the Coats—Redfern
equation (3) was applied (Gao et al. 2015; Sanchez-
Jiménez et al. 2011):

AR 2RT E
|82 Z AR (; Z2RTY| _E (3)
T2 BE E RT
where T is the temperature (K), A is the preexponential
factor, E is the activation energy (J/mol), R is the

universal gas constant (8.3145 J mol™'/K), and f is
the heating rate (K/min). In this equation, % < 1,

BE E

Therefore, In {%} and % show a linear relationship,

and In [’ﬂ( — &)] is approximately equal to zero.

and the values of E and A can be calculated using
fitting equations. In Eq. (3), various reaction models
g(a) can be defined in different ways (Table 1) to
describe the pyrolysis mechanism.

SEM analysis

The microstructure of RTS was analyzed by scanning
electron microscopy (SEM, S3700; Hitachi Ltd.,
Japan). Samples were coated with gold using a plasma
sputtering apparatus prior to SEM observations. The
accelerating voltage was 10 kV, and the working
distance was 11 mm.

Results and discussion
Physical properties of reconstituted tobacco sheet

As shown in Table 2, the base weight of all the RTS
samples was controlled to be about 110 g/m?
Although the samples were prepared in the laboratory
by hand, the base weight was comparable to commer-
cial RTS (105-110 g/mz) (Wang et al. 2012). With
increasing amount of PCC in the coating, the tensile
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Table 1 Reaction models
for thermal pyrolysis using

various functions g(o)

Reaction model Model name g(a)
Chemical reaction F1 —In(1 — )
F3/2 210 — )~ 2 = 1)
F2 -t
Diffusion-controlled reaction D1 o’
D2 (1 —a)n(l — o) + «
Phase boundary reaction R1 o
R2 1—(1 -
R3 1—(1 -7

Table 2 Effects of PCC addition to coating on physical properties of reconstituted tobacco

Percent of PCC in Base weight Tensile index Tear index Gas permeability Bulk (cm?/ Filling value
the coating (%) (g/m?) (N g/m?) (mN m%/g) (um/Pa s) g) (cm®/g)

2 108.76 + 0.13 6.88 £ 0.15 1.67 £ 0.10 0.90 + 0.03 1.82 £ 0.02 4.70 £ 0.03
4 109.86 + 0.24 6.33 £ 0.09 1.43 £ 0.08 0.83 £ 0.02 1.84 £ 0.01 4.90 £ 0.03
6 108.76 + 0.18 5.81 £0.10 1.35 £ 0.11 0.78 £ 0.05 1.87 £ 0.01 5.17 £ 0.04
8 110.18 + 0.20 532 +£0.12 1.18 £ 0.09 0.70 £ 0.03 1.92 £ 0.02 5.21 £ 0.03
10 108.19 + 0.17 4.99 + 0.08 1.16 + 0.07 0.64 + 0.02 1.75 £ 0.02 498 + 0.03
12 112.74 £+ 0.21 4.59 £ 0.16 1.14 £ 0.05 0.37 £ 0.02 1.69 £ 0.01 4.82 + 0.04

index and tear index of RTS decreased (Table 2). The
strength of paper is determined by the number of fiber—
fiber joints due to hydrogen-bonding interaction
(Chandra et al. 2004; Eriksson et al. 2005). During
the coating process, the volume average particle size
of PCC was about 2.81 um, thus it could permeate into
the fibers along with other components (Shen et al.
2014). PCC is an inorganic mineral particle and cannot
easily form chemical bonds with fibers. On the
contrary, PCC particles hinder hydrogen bonding
between fibers, resulting in decreased strength of RTS.

In contrast to the effect on the strength, with
increasing PCC addition, the bulk value and filling
capacity initially increased then decreased (Table 2).
As seen from Table 2, when the proportion of PCC in
the coating was 6 to 8%, the filling value of RTS was
above 5.0 cm3/g, consistent with values for domestic/
imported commercial RTS as documented by Wang
et al. (2012) (Table 2). For greater amounts of PCC,
the filling values started to drop below that of
commercial RTS (Table 2). As seen from the SEM
analysis of RTS with PCC added in the coating in
Fig. 1a, most of the fibers were covered by the coating,
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consistent with the study of Zhou et al. (2013).
However, rough surface structure is clearly observed
in Fig. 1b, c. Kelly and Savitz (1976) indicated that
rough surface is beneficial for improving the bulk
value and filling capacity of tobacco products. From
Fig. Ic, when the proportion of PCC in the coating
was 12%, porous fiber—fiber interlacing structure was
hardly seen. The coating process reduced the gaps
among the fibers and modified the surface microstruc-
ture of RTS. Many PCC particles may then penetrate
into fibers or distribute on the surface, resulting in high
density of RTS. Penetration of coating into the fiber
structure can change the properties of paper products
(Xiang et al. 2016). High density of RTS is unfavor-
able for the filling capacity and may reduce the bulk
value of tobacco products (Nellen 1985). This may be
the reason why the bulk and filling values showed a
decreasing trend when the PCC dosage was higher
than 8%. The modified structure of RTS may obstruct
gas passage through it, so the gas permeability
decreased with increasing PCC dosage (Table 2).
Figure 2 shows that, at relative humidity (RH) of 40
and 60%, the equilibrium moisture content of RTS
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Fig. 1 SEM images of reconstituted tobacco sheet with addition of 2% (a), 8% (b), and 12% PCC (c)
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Fig. 2 Water absorbability in different relative humidity
environments for reconstituted tobacco sheet with addition of
PCC in the coating

decreased slightly with increasing amount of PCC in
the coating. However, at RH of 80%, the equilibrium
moisture content of RTS decreased from 43 to 35% as
the proportion of PCC was increased from 2 to 12%. In
a high-RH environment, the dosage of PCC played a
significant role in the water absorbability of RTS.
The major component of RTS coating was concen-
trated water extract from tobacco waste, which is
sensitive to moisture. On the one hand, tobacco fibers/
leaves easily swell and absorb water through capillary
effect, generating many inter- and intramolecular
hydrogen bonds (Wochnowski et al. 1976). On the
other hand, PCC cannot absorb moisture easily.
Therefore, the water absorbability of RTS decreased
as the amount of PCC was increased, more obviously

so at high RH. This result is beneficial for storage and
transportation of RTS.

Effects of PCC in coating on mainstream smoke
release

As shown by Figs. 3 and 4, the dosage of PCC in the
coating affected the release of tar and carbon monox-
ide (CO) in the mainstream smoke of RTS. In
summary, the tar and CO release content decreased
on addition of PCC (Figs. 3, 4). However, when the
dosage of PCC was higher than 8%, the CO release
content showed an increasing trend (Fig. 4). Tar and
CO occur due to burning of tobacco fibers/leaves and
tobacco stem/leaf water extract in RTS. Moreover, CO
can also derive from decomposition of PCC at high
temperatures (Gao et al. 2015). PCC decomposes and
produces carbon dioxide, which can react with
carbonaceous residues to form CO at high tempera-
ture. With increasing amount of PCC addition, the
amount of water extract from tobacco stems/leaves in
the coatings decreased. The water extract contains lots
of water-soluble sugars, alkaloids, nitrogen com-
pounds, etc. (Gao et al. 2014). All of these compo-
nents could burn and contribute to the tar and CO
release content in the mainstream smoke. Gao et al.
(2015) documented that RTS coatings without PCC
addition had tar and CO release content in mainstream
smoke of 7.45 and 16.9 mg/cig., respectively, higher
than the results in this study. However, when the
proportion of PCC in the coating was 8-12%, the CO
release content increased slightly, while the bulk and
filling values of RTS decreased (Table 2; Fig. 4). The
reason may be that the filling capacity affected the
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Fig. 3 Tar release content
in mainstream smoke of
reconstituted tobacco sheet
with PCC addition in the
coating

Fig. 4 CO release content
in mainstream smoke of
reconstituted tobacco sheet
with PCC addition in the
coating

burning property of RTS, resulting in incomplete
combustion reaction. At high addition of PCC in the
coating, PCC decomposed into a large amount of CO,
in the RTS combustion process, and the CO, partic-
ipated in the incomplete combustion reaction, result-
ing in greater CO release content.

Effects of PCC in coating on thermal behavior
of RTS
Figure 5 shows the TG and DTG curves of RTS with

addition of 2% (a) and 8% (b) PCC in the coating. The
two kinds of RTS showed similar thermal degradation
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patterns (Fig. 5). As seen from Fig. 5, the thermal
degradation process of RTS can be divided into three
stages, corresponding to three strong peaks. The first
stage occurred in the temperature range of 40-200 °C
with slight weight loss of 15.0%, being due to loss of
absorbed water and volatile species in RTS (Wang
et al. 2005). The main thermal degradation took place
between 200 and 500 °C with weight loss of 45%,
including two sharp weight loss stages. The peak at
around 260 °C originates from pyrolysis of hemicel-
lulose and simple sugars (Chen et al. 2014; Ge et al.
2013), whereas the peak at about 315 °C is mainly
attributed to thermal decomposition of cell wall
biopolymers such as cellulose (Gao et al. 2015;
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Fig. 5 TG and DTG curves of reconstituted tobacco sheet with addition of 4% (a), 8% (b), and 12% PCC (c¢)

Sanchez-Jiménez et al. 2011), hemicellulose (Gao
et al. 2015; Sung and Seo 2009), pectin (Sung and Seo
2009; Zhou et al. 2013), lignin (Zhou et al. 2013), etc.
The third thermal degradation process occurred in the
temperature range between 500 and 700 °C. The
weight loss in this stage derives from thermal oxida-
tive decomposition of char and CaCOj;. In the DTG
curves (Fig. 5a, b), a weak peak was present at about
650 °C, resulting from decomposition of CaCO5 and
other salts (Gao et al. 2015; Zhao et al. 2013).

As shown in Fig. 5, the main weight loss occurred
in the range of 200—400 °C, with a shoulder in the
DTG curve between approximately 200 and 280 °C
and a main peak at 280-400 °C. To analyze the
pyrolysis mechanism in depth, various fitting equa-
tions were applied to the TGA data in the range of
200-280 °C and 280-400 °C, respectively; the fit
equations and correlation coefficient (r2), activation
energy (E), and preexponential factor (A) values are
summarized in Tables 3 and 4.

As seen from Tables 3 and 4, in the main pyrolysis
stage, the correlation coefficients obtained for RTS
with 4% PCC in the coating were slightly higher than
for the samples with addition of 8 or 12% PCC; i.e., the
reaction models for RTS with 4% PCC were more
reliable for determining the activation energy. In the
range of 200-280 °C, the best fit thermal pyrolysis
reaction model for RTS was diffusion-controlled
reaction (D1) (Table 3). This result is consistent with
the thermal pyrolysis mechanism for tobacco stem and
tobacco leaves (Gao et al. 2013). The E value for RTS
with 4 and 8% PCC was 39.58 x 10 J/mol and
39.00 x 10* J/mol, respectively, higher than that of
tobacco stem (30.05 x 10° J/mol) or leaves
(25.36 x 10% J/mol) (Gao et al. 2013). None of the

reaction models could fit the results for the RTS
samples with addition of 12% PCC in both main
pyrolysis stages of 200-280 °C and 280400 °C. It
may be that, with greater addition of PCC (>4%), two
main components (biomass and mineral matter PCC)
were obviously present in the RTS and one reaction
model could not describe the main pyrolysis process
perfectly. In the main decomposition stage
(200400 °C), the biomass can began to degrade
(Sung and Seo 2009), while PCC cannot decompose as
its decomposition temperature is about 560 °C (Gao
et al. 2015).

In the range of 280-400 °C, the correlation coef-
ficients for the phase boundary reaction model (R1,
R2, R3) fitting results were <0.9 for all the RTS
samples (Table 4). In this range, the RTS degraded
more rapidly and the weight loss of biobased compo-
nents increased due to decomposition of hemicellulose
and cellulose (Sung and Seo 2009), but the weight of
PCC remained constant. In contrast, in the range of
200-280 °C, the results for RTS with 4% PCC
addition were best fit by chemical reaction F2
(Table 4), with E and A values of 23.58 x 10° J/mol
and 46.736 min~", respectively. However, all of the
reaction models failed to fit the results for the RTS
sample with 8% PCC (+* < 0.9).

Compared with the thermal pyrolysis properties
of RTS documented by Gao et al. (2015), who used
the same coating formula except for PCC addition,
the TG and DTG curves were similar to this study.
Therefore, adding PCC to the coating can modify
the thermal degradation mechanism of RTS but did
not change the peak temperatures in the main
thermal decomposition stage. The only result was
that a single reaction model could not describe the
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Table 3 Fit equations and correlation coefficients obtained using the Coats—Redfern equation with different reaction models

between 200 and 280 °C

Percent of PCC in Reaction Fitting equation Correlation E (x 10° J/mol) A (min™")

the coating (%) model coefficient (+%)

4 F1 y = —2296.74x — 9.35 0.9393 19.10 4.012
F3/2 y = —2526.45x — 8.83 0.9371 21.01 7.401
F2 - - -
D1 y = —4759.58x — 6.15 0.9630 39.58 202.428
D2 y = —5030.65x — 6.23 0.9611 41.83 197.904
R1 y = —1869.29x — 10.31 0.9437 15.54 1.242
R2 y = —2077.69x — 10.53 0.9415 17.28 1.107
R3 y = —2149.53x — 20.78 0.9408 17.87 0.001

8 Fl1 y = —2267.26x — 9.39 0.9308 18.85 3.809
F3/2 y = —2500.12x — 8.86 0.9286 20.79 7.096
F2 - - - -
D1 y = —4790.34x — 6.26 0.9576 39.00 179.997
D2 y = —4964.35x — 6.33 0.9556 41.28 177.492
R1 y = —1834.35x — 10.36 0.9351 15.25 1.158
R2 y = —2045.45x — 10.58 0.9330 17.01 1.041
R3 y =-2118.16x — 10.82 0.9322 17.61 0.847

12 All models - - - -

@

—” means correlation coefficient <0.9

Table 4 Fit equations and correlation coefficients obtained using Coats—Redfern equation with different reaction models between

280 and 400 °C

Percent of PCC in Reaction Fitting equation Correlation E (x 10° J/mol) A (min™ ")

the coating (%) model coefficient (rz)

4 F1 y = —3015.7x — 7.88 0.9129 25.08 22.752
F3/2 y = —4116.35x — 5.80 0.9417 34.23 250.499
F2 y = —2835.44x — 7.10 0.9681 23.58 46.736
D1 y = —3673.27x — 8.45 0.9046 32.29 146.069
D2 = —4796.32x — 6.34 0.9007 39.88 169.948
R1, R2, R3 - - - -

8 All models - - - -

12 All models - - - -

“—” means correlation coefficient <0.9

thermal pyrolysis mechanism of RTS with >4% Conclusions

PCC, due to the high decomposition temperature of
PCC. However, when less than 4% PCC was added,
the D1 and F2 reaction model worked well in the
range of 200-280 °C and 280-400 °C, respectively.
This result is significant for development and
application of RTS in the tobacco industry.
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This study investigated addition of precipitated calcium
carbonate (PCC) to the coating for reconstituted tobacco
sheet. During the coating process, PCC particles could
penetrate into fibers along with other components,
modifying the surface microstructure of the RTS as
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analyzed by SEM. Such penetration of PCC particles
into the fibers interrupted hydrogen bonds between
fibers. Adding PCC to the RTS coating could increase
the bulk value and filling capacity, and decrease the
water absorbability. With increasing PCC addition, the
tensile index and tear index of RTS decreased. The tar
release content per cigarette showed a decreasing trend
with increasing PCC addition, while carbon monoxide
reached an optimum for addition of 8% PCC to the
coating. TG and DTG analysis indicated that the main
thermal pyrolysis stage occurred in the range of
200400 °C. The Coats—Redfern equation was used to
analyze the thermal pyrolysis mechanism. Fitting results
showed that, in the range of 200-280 °C, the best fit
model for RTS with 4 and 8% PCC was diffusion-
controlled reaction (D1) with fitting correlation coeffi-
cient (%) of 0.9630 and 0.9576, respectively. Mean-
while, in the range of 280—400 °C, the most reliable
fitting model for RTS with 4% PCC was chemical
reaction (F2) with = 0.9681. One reaction model
could not describe the thermal pyrolysis of RTS with
12% PCC in the main decomposition stage. The thermal
kinetic parameters revealed that addition of PCC to the
coating could modify the thermal degradation mecha-
nism of RTS, but the TG and DTG curves of RTS with
PCC added to the coating showed unchanged peak
temperatures in the main thermal decomposition stage.
In summary, adding PCC to the RTS coating could
decrease the tar and CO release content in the
mainstream smoke, and for addition of less than 4%
PCC, the D1 and F2 reaction model could perfectly
describe the thermal decomposition mechanism in the
range of 200-280 °C and 280400 °C, respectively.
This result is significant for development and applica-
tion of RTS in the tobacco industry, and also demon-
strates that addition of PCC to RTS coating is a
promising method to improve its quality.
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