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Table 1  Equilibrium mass fractions of components
in reconstituted tobacco sheets produced
by three processing techniques %

10 D= ) K3 BT HmpBia  1,2-N R
TZ ' IIEL IIEL Jii A
1 9.48+0. 09 18.68+0.44  0.53+0.02
i 8.92+0.02 15.22+0.12  1.83+0.01
9.59+0.22 19.00+0.73  0.81+0.04
TIE 9334029 17.63+1.71  1.06+0.56

Tk 4 7.99+0.41  8.81+0.23 \

5 9. 03+0. 06 11.48+0. 12 2.33+0.02
6 9.17+0. 11 12.74+0.26  2.45+0.18
Wk T 9.08+0.09  16.74+0.28  0.47+0.03
8 9. 07+0. 07 12.83+0. 11  2.15+0.13
FHE 9.09:0.05  13.45x1.97  1.85:0.80
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Fig. 1 SEM images of reconstituted tobacco sheets produced by three processing techniques
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Fig. 3  Shear strength-probe displacement curves in the longitudinal and transverse directions

for a representative reconstituted tobacco sheet produced by the slurry process
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Table 2 Bulk physical properties of reconstituted tobacco sheets produced by different processes

B SRR WA
i Wiy N Hira

e
JdoEn

?ﬁfﬂ%ﬁ/ Vﬁ&lijj/ H‘ﬁ"”?ﬁf/ WPl MR RN/ WEGRE/ WK SUIRE/ bisREs  FE/mm
(kN m™) (kN m™) (kN-m™2) %/% (kN-m?) (kN-m~

ii/z
) (KN-m™®) /%  (KN-m) (kN-m™) (g-m™)

1 0.56+0. 11 0.73+0.07 0.99+0.08 5.45+1.12 0.65+0.12 1.58+0.
2 0.49£0.07 0.65+0.09 1.03+0.11 6.77+0.64 0.69+0.13 1.89+0.
3 0.73£0.19 0.87+0. 18 1.1940.22 3.74+0.31 1.05+0.18 1.09+0.
FHEIE 0.59+0. 10 0.75+0.09 1.07+0.09 5.32+1.24 0.80+0.18 1. 52=0.

16 1.93+0.16 8.91+0.89 0.11£0.02 0.25+0.02 0.179+0.018 194.3+22.1
23 2.35+0.12 10.82+0.88 0.14£0.02 0.30£0.03 0.176+0.016 187.6+23.6
20 1.67+0.17 5.28+0.36 0.11+0.02 0.24+0.03 0.180+0.014 198.2+19.2
33 1.98+0.28 8.34+2.29 0.12+0.01 0.26+0.02 0.178+0.002 193.4+5.4

4 0.86+0. 11 1.31£0.19 2.43+0.3510.00x1.55 1. 14+0.22 \

3.79+0.63 8.71x1.46 0.55+0.06 0.73+0.05 0.319+0.042 129.6+10.1

5 1.20£0.15 1.06+0. 12 1.58+0. 11 3.94+0.29 3.03+0.31
6 2.54£0.28 1.95+0.22 2.86+0.26 3.12+0.40 3.95+0.36
7 1.52£0.16 1.44+0.23 2.03+0.07 3.27+0.38 2.93+0.33
8  1.05£0.17 1.01x0.17 1.58+0. 08 4.32+0.33 2.40+0.49
SFHIME 1.58+0.58 1.36+0.38 2.0120.52 3.66+0.49 3.07+0.56

— - - -

7.66£0.35 4.27+0.22 0.22+0.03 0.58+0.05 0.211+0.015 195.6+16.0
8.96+0.42 4.81+0.15 0.19+0.02 0.47£0.04 0.204+0.012 185.6+13.1
8.52+0.48 4.61+0.14 0.26+0.03 0.54+0.04 0.216+0.013 182.7+13.0
7.69+0.43 4.75+0.28 0.20+0.04 0.47+0.04 0.214+0.014 201.0+16.9
8.21+0.56 4.61£0.21 0.22+0.03 0.51£0.05 0.211+0.004 191.2+7.4

k3 Btk @A IR

Table 3 Surface physical prop

erties of reconstituted tobacco sheets

b JEE 1 ZE

mrTTZ AN il 11/N - 1% £ A-9
1 2.56+0.32 0.44+0. 13 0.540. 12 0.57+0. 11
— 2 2.27+0.26 0. 66+0. 13 0.590. 09 0.74+0. 11
3 1.21£0.28 0.47+0. 08 0.54+0. 11 0. 64+0. 16
e 2.01+0. 58 0.52+0. 10 0. 56+0. 02 0. 65+0. 07
Tk 4 0. 54+0. 08 0.78+0.13 0.37+£0.08 0. 62+0. 07
5 0. 69+0. 07 0.56=0. 11 0.45+0. 15 0. 53+0. 08
6 0.70+0. 10 0.55+0. 06 0. 54+0. 05 0. 46+0. 10
GEEAPS 7 0. 90+0. 06 0.37+0. 04 0. 45+0. 08 0. 44+0. 08
8 0.45+0. 06 0.43+0. 08 0. 40+0. 04 0. 45+0. 04
FIE 0. 69+0. 16 0. 48+0. 08 0. 46+0. 05 0. 47+0. 04
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Table 4  Cut filler and cigarette properties of reconstituted tobacco sheets produced by three processing techniques

T B, I 22 e 1 B IR
TE WY mRf(n - g')  BEEN  WLE/%  WHL/KPa it/ g FJE/mm /%
1 2. 900. 39 95.85+0.15 0.35+0.05 0.41+0.02 0.61x0.01 22.45+0.04 78.18+2.80
— 2.88x0. 16 94.50£1.61 0.27£0.05  0.39£0.03  0.59+0.02 22.47+0.02 69.34x8.54
3 2.90+0. 32 94.55£0.35 0.20+£0.00 0.49+0.03  0.59+0.01 22.51+0.06 72.84x2.91
FHME 2.89+0. 01 94.97+0.62 0.27+0.06  0.43+0.04  0.60+0.01 22.47+0.03 73.45+3.33
Tk 4 5. 80+0. 46 95.70+1.70 0.85+0. 15 — — — —
5 3.3320. 17 93.05£0.65 0.25£0.05 0.42+0.01  0.61x0.01 22.41+0.04 72.32x4.04
6 3.200. 37 88.25+0.25 0.45%0.05  0.44x0.01 0.59+0.005 22.40+0.02 68.86=4.37
B 7 3.430.28 92.10£0.20 0.30£0.10  0.47+0.04  0.59+0.01 22.47+0.06 68.86x4. 46
8 3.45+0. 26 92.60£0.50 0.35x0.05 0.40+0.04 0.61x0.01 22.48+0.09 78.95+2. 04
S 3.35+0. 10 91.50£1.91 0.34x0.07  0.4320.02  0.60£0.01 22.44+0.04 72.25+4.76
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Table 5 Grey relational degree between physical properties and cut filler characteristics of reconstituted tobacco sheets

LY/BLk S Wb/ (m* - g™h) By R 72
AR 0.58+0. 16" 0.58+0. 13" 0. 63+0. 26"
HEf St I 0.72=+0. 13’ 0.70+0. 09’ 0. 67+0. 15°
. A Vo 545 B 0. 77+0. 06 0. 66+0. 12° 0.76=0. 17*
s Wr B 0. 78+0. 06 0.59+0. 12" 0. 81x0. 06>
HPEAR 0.49=+0. 14" 0.47+0. 10" 0. 56+0. 25"
hIn) W55 1 0.51=0. 12" 0.51x0. 15" 0.56+0. 21"
Wi 0. 67+0.07° 0.70+0. 08° 0. 69+0. 19*
4] 18§ 1) 95 U) i B 0.68+0.11° 0.49x0. 14" 0. 89:+0. 08"
NOEIRZIE S 0.83+0.11° 0. 660. 20° 0. 790. 08°
Rk 0.49=0. 18" 0.48+0. 10" 0.55+0. 28"
5 1o 18 2l R 4 R A 0. 85+0. 07° 0. 730. 08> 0.73+0.11°
i R - B R AL 0.59+0. 13" 0. 80+0. 14 0.7420. 17"
WP-P B R L 0. 74%0. 15° 0.78+0. 13* 0.730. 18’
A JE R 0. 90+0. 03' 0.7220. 13° 0.79+0. 12°
TP FE 0. 57+0. 08" 0. 760. 08° 0.73+0. 16"

E S D AR R K G SR EE I BT a2 s SR B4R IR EI/ MR

£ 6 FINEeT A AR AR LA R E AT BEIRHR LA S B X IR
Table 6 Influence weights of physical properties Table 7 Grey relational degree between cut filler
on cut filler characteristics of reconstituted properties and cigarette properties of
tobacco sheets reconstituted tobacco sheets
YRR LIRS A Y72 K (2 BIRE BRE/(m’ - g) LR ez
WIALE/ % WAL/ % WALE % Wz 0.83:0.18  0.77%0.07 0.57%0. 16
B PR AR A -3.322 -3.858  -0.424 pigis 0.79+0.07  0.940.04 0.61=0.19
ML RN 73 ~14.325 3.827 -4.697 I8 J] 0.77+0.07  0.94x0.05 0.58x0.17
BEm LR RLR R -3.596 9.787 -10. 959 i 2 0.82+0.12  0.89+0.09 0.67=0.21
BEmERTRA R 3,139 4.203  -10.79
Y1) SR R -5.395  -15.151  21.624
QMBI 13,208 <0502 2642 s U A A SREERCRE 6 R T A5
PP R E 9,265 -6. 462 12.231 e N N o
AT P T a—— P AR A TEAH G, T 55 86 1] i BT 5 B/ (e 3%
1 1) BT L) 90 11. 338 —4.987 0. 098 *ﬁﬁ@ﬂ&@ﬁ%?‘éﬁﬁ*ﬁ%(ﬂ%‘z 6) o JH:,EE[EJ
Rk A1 =2.073 14. 429 -1.272 AT bRBR S, T AT B A AR 22 IR, DA

BBSERAR 10,667 6.807 11546 SRy ) K B ) 0T, LA
BE-AShEERREC -8.351 2.635 0.913

M-I\ FEE R R 2164 ~6. 054 4. 403 ﬂ’lﬁ%}:.ééj\jIL %%JH—J‘ J_L‘j:/\@a /‘\E[:E{ﬁjﬁﬁjm
52 i 3.078 8.783 5.577 e KT 24 5 B S8 AR 1) R R 1 R 22, LS Ml B AR

EH -5.120 0.063 -4. 566 BE B TF AT
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Effects of physical properties of reconstituted tobacco sheets on cut filler
and cigarette characteristics for heated tobacco products

Yao Jianwu'*?, Liu Zhichang"*”, Liu Xiongbin"*?,Hu Nianwu'?’,Chen Yizhen'*",
Huang Minhui*, Yang Nan*
1. China Tobacco Hubei Industrial Co.,Ltd., Wuhan 430040, China ;
2. Technical Center,Hubei Xinye Reconstituted Tobacco Development Co.,Lid.,Wuhan 430056 , China;
3. Applied Technology Research of Reconstituted Tobacco Hubei Province Key Laboratory, Wuhan 430056 , China;
4. School of Life and Health Sciences,Hubei University of Technology ,Wuhan 430068, China

Abstract ; [ Objective ] To investigate the physical properties of reconstituted tobacco sheets produced by different
processes and to examine their relationships with the cut filler characteristics and cigarette properties of heated
tobacco products. [ Methods ] Gas chromatography and scanning electron microscopy were used to characterize the
chemical composition and microstructure of reconstituted tobacco sheets produced by three processes, namely the
slurry, rolling, and dry method. A texture analyzer was employed to measure their physical properties, including
elastic modulus, fracture strength, and surface adhesion. Grey relational analysis and multiple linear regression
were then applied to evaluate the correlations and influence weights between these physical properties and cut filler
characteristics ( long strand proportion, broken strand proportion, filling value) as well as cigarette physical
properties (weight, circumference, draw resistance, hardness). [ Results ] Significant differences were observed in
the chemical composition, microstructure, and physical properties among the reconstituted tobacco sheets produced
by the three processes. The dry-method sheets exhibited a loose and porous structure, high fiber content, and the
lowest amount of liquid components, resulting in a tough texture. The rolling-method sheets displayed a dense
structure, the highest liquid content, high elongation at break , and strong resistance to fracture. The slurry-method
sheets showed moderate composition and structure, with high strength but low elongation at break, making them
prone to fracture. Correlation and regression analyses revealed that the long strand proportion was positively
correlated with the longitudinal tensile fracture strength and transverse shear strength, with influence weights of
approximately 13.228% and 11.338%, respectively. The filling value was positively correlated with the
longitudinal elastic modulus and longitudinal elongation at break, with influence weights of about 21. 624% and
12.231%. Cigarette properties were predominantly associated with the filling value and long strand proportion.
[ Conclusion ] Key physical properties of reconstituted tobacco sheets, such as longitudinal elastic modulus,
longitudinal tensile strength at break, and elongation, influence the filling value and long strand proportion of the
cut filler, which in turn affect cigarette physical properties including draw resistance, weight, and circumference.
These findings provide a theoretical reference for the subsequent process optimization, texture control, and blending
design of reconstituted tobacco sheets for heated tobacco products.

Key words: heated tobacco products; reconstituted tobacco sheets; textural property; cut filler characteristic;

cigarette physical property ;grey relational analysis
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