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Schematic diagram of the assembly of

a cartridge heater and a cigarette
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Fig. 2 Cigarette core material separation device and schematic diagram of the separation procedure
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segments at different puff numbers
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Fig. 7 Puff-by-puff changes in the residues of three compounds in the radial direction of cigarette core materials
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Fig. 8 Puff-by-puff changes in the resuiues of three chemical components along the axial direction of cigarette core materials
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Fig. 10 Puff-by-puff spatial distribution of nicotine residues in cigarette core materials
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Study on the spatial characterization of the puff-by-puff pyrolysis

process in circumferentially heated cigarette core segments

Zhao Jinke',Cui Huapeng' ,Xu Haitao’, Qin Yaqiong',Chen Yexian®,
Liu Yu',Liu Ruihong',Liu Shaofeng'
1. Zhengzhou Tobacco Research Institute of CNTC , Zhengzhou 450001, China ;
2. R&D Center of China Tobacco Shandong Industrial Co.,Ltd., Jinan 250100, China;
3. Sichuan Sanlian New Materials Co.,Ltd., Chengdu 610199, China

Abstract ; [ Objective ] This study aimed to investigate the pyrolysis process of tobacco core materials at different
positions in circumferentially heated cigarettes during puff-by-puff smoking. [ Methods ] Tobacco core materials from
heated cigarettes after puff-by-puff smoking were used as raw materials. A self-developed spatial separation method
was used to divide the tobacco core into nine different positions. A thermogravimetric analyzer and gas

chromatography-flame ionization detection (GC-FID) were used to analyze the physicochemical property differences
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of tobacco core materials at different positions after puff-by-puff smoking. [ Results ] During puff-by-puff smoking,
the carbonization region of the tobacco core gradually spread from the outer layer of the middle-rear section to the
inner layer and the front section with increasing puff number, and the entire tobacco core showed significant
carbonization by the end of the smoking session. The pyrolysis process of tobacco core materials could be divided
into four stages, among which Stage I was the main mass-loss stage, corresponding to a temperature range of 209 ~
415 °C. Peak A on the DTG curve mainly resulted from the thermal release of chemical components such as
glycerol , nicotine, and 1,2-propanediol in the tobacco core materials. With increasing puff number, the maximum
mass-loss rate of Peak A on the DTG curve for tobacco core materials at the same position showed an overall
decreasing trend. After the fifth puff, the maximum mass-loss rate of Peak A on the DTG curve for tobacco core
materials at different positions decreased in the order of front-inner, front-middle, and front-outer in the radial
direction, and in the order of front-inner, rear-inner, and middle-inner in the axial direction. During puff-by-puff
smoking, the total residual amounts of glycerol, nicotine, and 1, 2-propanediol in the tobacco core materials
decreased puff by puff. After the smoking session, the total residual amounts of the three components in the tobacco
core materials were 21.90%, 2.98%, and 0.31% of their initial contents, respectively. During puff-by-puff
smoking, the residual amounts of glycerol, nicotine, and 1, 2-propanediol in the tobacco core materials all
decreased in the order of inner layer, middle layer, and outer layer in the radial direction, while their decreasing
order in the axial direction changed from front section, middle section, and rear section to front section, rear
section, and middle section. [ Conclusion] The puff-by-puff changes in the residual amounts of different compounds
in tobacco core materials were consistent with their pyrolysis characteristics, and their spatial distribution in the
tobacco core materials was affected by temperature and their boiling points.

Key words : heated tobacco product ;thermogravimetric analysis ; GC-FID ;spatial characterization

[ FAE %%, X F ]

(E#&% 58 W)

(SEM) , and field-emission transmission electron microscopy ( FETEM). The sustained-release performance was
investigated using three kinetic models ; first-order kinetics, Higuchi kinetics, and Peppas kinetics. [ Results ] Using
KGM dosage, Tween 80 dosage, and sodium tripolyphosphate ( STP) dosage as independent variables and the
loading efficiency of benzyl alcohol microcapsules as the dependent variable, response surface methodology was
applied to determine the optimal preparation conditions; KGM, 0. 10 g; Tween 80, 0.25 mL; and STP, 0. 50 g.
Under these conditions, the loading efficiency of the benzyl alcohol microcapsules reached 16.95%. FTIR showed
that the characteristic absorption peaks of benzyl alcohol, CS, and KGM appeared at 1040 cm™", 2880 cm™', and
874 cm™', respectively, confirming that all three components were present in the microcapsule system. SEM and
FETEM revealed that the microcapsules exhibited a spherical morphology with granular protrusions. At both room
temperature (20 °C) and high temperature (80 °C ), the microcapsules significantly reduced the volatilization loss
of benzyl alcohol, and their sustained-release process followed first-order and Peppas kinetic equations.
[ Conclusion] The thermal stability and sustained-release performance of benzyl alcohol were significantly improved
after microencapsulation.

Key words : benzyl alcohol ; microcapsules ; konjac glucomannan ; chitosan ; response surface optimization ; sustained

release
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