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Table I Numbers of six types of tobacco shreds

Number Type
1# Tobacco lamina 1
2# Tobacco lamina 2
3# Tobacco lamina 3
4# Expanded tobacco
S# Thin-cut tobacco
6# Stem shred
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Table 2  Eight moisture sorption isotherm models

Isothermal moisture
Type Model equation
sorption model
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Table 3 Typical EMC/ERH model
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Fig. 1 Fitting curves of the eight isothermal moisture absorption models for the moisture process of six types of tobacco shreds at 22 °C
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Table 4 Fitting results of eight moisture sorption isotherm models for the moisture absorption process of six types of tobacco shreds at

22 °C
BET GAB Kithn Smith1 Smith2 Halsey Oswin DLP
Sample
R* RMSE/% R* RMSE/% R* RMSE/% R* RMSE/% R* RMSE/% R’ RMSE/% R’ RMSE/% R’ RMSE/%
1# 099482 026 099968 0.08 0.99440 0.27 0.99964 0.07 0.99931 0.09 0.9985 0.14 099646 0.21 0.99997 0.03
2# 094815 0.79 094815 097 0.94832 0.79 094314 0.83 094600 0.81 094781 0.79 0.94833 0.79 0.99948 0.13
3# 097607 0.55 097636 0.66 0.97609 055 0.97382 0.57 097531 0.55 097577 0.55 0.97636 0.54 0.99997 0.03
4# 0.99927 0.09 099978 0.06 099919 0.10 0.99746 0.17 0.99892 0.11 0.99954 0.07 099974 0.08 0.99979 0.06
S5# 099934 0.17 099950 0.18 0.99903 020 0.99697 036 099922 0.18 0.9995 0.15 0.99904 020 0.99969 0.20
6# 099645 0.26 099868 0.20 0.99583 0.28 0.99799 0.20 0.99864 0.16 0.99822 0.19 0.99678 0.25 0.99994 0.06
30 - 30 1
o— # o— 1#
o—2# o—2#
<« 3¢ <« 3#
25 mw— 44 25 T m—4#
A—S# A—5#
< v— 6# N v— 6#
O 20+ O 20 F
= =
|8a) 8a]
15 15 F
10 i 1 1 1 1 1 1 10 i 1 1 1 1 1
045 050 0.55 0.60 0.65 0.70 0.75 045 050 0.55 0.60 0.65 0.70 0.75
aW aW
(a) =24 C (b) 7=26 C

2 24 °C FI26 °C FREEIREE T DLP BRI 6 Fiia 22 i) B 1 L4 28
Fig. 2 Fitting curves of the DLP model for the moisture absorption process of six types of tobacco shreds at 24 °C and 26 C

5 24 °CT 8 LRI AEIE W IRAEIY X 6 Pl 22 W i B 1065 45

Table 5 Fitting results of eight moisture sorption isotherm models for the moisture absorption process of six types of tobacco shreds at

24 °C
BET GAB Kiihn Smith1 Smith2 Halsey Oswin DLP
Sample

R> RMSE/% R* RMSE/% R* RMSE/% R* RMSE/% R* RMSE/% R* RMSE/% R’ RMSE/% R’ RMSE/%
1# 099824 0.15 099982 0.06 099832 0.15 0.99839 0.14 0.99953 0.08 099977 0.05 0.99952 0.08 0.99994 0.05
2# 0.99491 0.25 099889 0.14 099401 027 0.99883 0.12 0.99824 0.15 099698 0.19 0.99483 025 0.99916 0.18
3# 097434 0.57 097483 0.70 097439 0.57 0.97280 0.59 097412 0.58 097442 0.57 097483 0.57 0.99997 0.02
4# 0.99856 0.13 0.99983 0.05 099867 0.13 099834 0.14 0.99944 0.08 0.99976 0.05 0.99965 0.06 0.99994 0.05
S5# 099912 0.16 099957 0.14 099869 0.19 0.99802 0.24 0.99943 0.13 099952 0.12 099875 0.19 0.99997 0.05
6# 0.99991 0.04 0.99991 0.05 0.9999 0.05 099522 032 099808 020 0.99935 0.11 0.99993 0.04 0.99999 0.01

LRV & PEM S bR, B AR R AU SIS A DLP SR 15 3 b 4 A EMC/ERH A58 %t 6 48 22 i1 1 15

BRI S, AT A5 B R 22 7 22, 24, 26 C iX 3 Fif
Y B2 T /) DLP BRI G 5 8 (3R 7)), BV AT F00) 4% Fif
22 5 L RS [R5 7K
2.2 EMC/ERH #E AR

e 1.2.4 795 )7 s R B -1 -EMC = 4E A,

I FRVEAT LA ST, LA A8 Al TR, JLA 2

W 8 fron. &l 3 Ftn iy 4 RIS 1400 22 B9 100 &
i 1, & 4 BT 7R 9 Modify Oswin A5 1% 6 b 46 22 1
B EEim, LI g5 SRR, Modify Oswin 1
RIXT 6 Tl i 22 F8 B AT B I 40060 BE (X 1R 22 17
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Table 6 Fitting results of eight moisture sorption isotherm models for the moisture absorption process of six types of tobacco shreds at

26 °C
BET GAB Kithn Smith1 Smith2 Halsey Oswin DLP
Sample

R* RMSE/% R* RMSE/% R* RMSE/% R* RMSE/% R* RMSE/% R* RMSE/% R’ RMSE/% R* RMSE/%
1# 099728 0.19 0.99787 0.21 099749 0.18 098983 0.37 099302 030 0.99488 0.26 0.99684 0.20 0.99789 0.29
2# 099564 023  0.99702 0.23 099512 0.24 099623 0.14 099688 020 0.99637 021 0.99502 0.25 0.99942 0.15
3# 097159 0.61 097215 0.73 097181 0.60 096480 0.67 0.96758 0.65 0.96914 0.63 097110 0.61 099952 0.14
4# 099912 0.11 0.99952 0.09 0.99898 0.11 0.99680 0.20 099856 0.13 0.99928 0.09 0.99947 0.08 0.99996 0.04
S#0.99996 0.03  0.99997 0.04 0.99994 0.04 099518 0.37 099838 022 0.99957 0.11 0.99997 0.03 0.99999 0.03
6# 0.99996 0.03 0.99997 0.04 0.99994 0.04 099518 0.37 099838 022 0.99957 0.11 0.99997 0.03 0.99999 0.03

KT 6 FMHLZAEAIFR T i DLP S5 iR A 2 75 F X
Table 7 Equations of the DLP isothermal moisture absorption
model for six types of tobacco shreds at different

A 22 it TP 149 71 0 W R 32 3 R 8] - i ) 5[] 7 7
5t
LR VAL A PR FE b, K AR DL A9 S RRCA SR 3

temperatures — S 2 —
. FF 71 Modify Oswin 2 2, 1 74 ] 6 i A 7] 4 22 19
Sample  7/°C DLP fitting equation . R N N . R
Modify Oswin B4 7 8 (3R 9) o #F SEFr iy H ik
1# 22 m=0.062 51x*+0.147 47y* - 0.004 66y +0.079 64

24 m=0.02540x" +0.08708y> —0.028 33y +0.083 46
26 m=-0.053 54" —0.038 73x* — 0.090 12y +0.071 60
24 22 m=0512 13y + 1.124 66y +0.649 90y +0.208 84
24 =0.090 89y +0.200 45x +0.010 74y +0.080 48
26 m=0.248 29%* +0.539 83y> +0.239 50y +0.119 70
34 22 m=0.188 99 +0.436 78y +0.203 16y +0.131 70
24 m=021295¢ +0.482 68y +0.226 32y +0.140 83
26 m=0.36272¢ +0.810 74y> +0.448 74y +0.173 75
44 22 m=-0.016 04y +0.006 34x> — 0.072 37y +0.068 51
24 m=-0.037 83" —0.043 41> — 0.109 7Ly +0.067 21
26 m=0.05229% +0.151 97y> +0.018 40y +0.086 85
54 22 m=-0.097 05%° —0.123 78y* — 0.226 01y +0.072 45
24 m=—-0.11567x" —0.189 77x* — 0.254 04y +0.044 41
26 m=-0.009 87y +0.057 14y* — 0.069 9Ly +0.087 32
6# 22 m=0.062 51y +0.147 47y —0.004 66y +0.079 64
24 =0.025 40y +0.087 08y> — 0.028 33y +0.083 46

26 m = —-0.053 54y* - 0.038 73y* - 0.090 12y +0.071 60
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F 8 EMC/ERH FEBUXF 6 Flff 22 1o #0025 0
Table 8 Fitting results of EMC/ERH models for the moisture absorption process of six types of tobacco shreds

Parameter Evaluation index
Sample Model
A B C R RMSE/%

1# Modify Oswin 0.08349 6.35x107* 0.68833 0.99439 0.28
Modify Halsey —3.25505 7.44x107 0.84889 0.99393 0.29

Modify Henderson 0.01899 273.1500 1.10412 0.97917 0.55

Modify Chung-Pfost 91.73589 108.6432 0.12800 0.98571 0.45

2# Modify Oswin 0.10185 —9.18x107° 0.68663 0.984 06 0.12
Modify Halsey —3.04662 —0.00108 0.84678 0.98353 0.48

Modify Henderson 0.01906 273.15 1.10546 0.98160 0.56

Modify Chung-Pfost 9.90x10" 1.46x10" 0.1269 0.97598 0.58

3# Modify Oswin 0.09316 1.56x107* 0.68867 0.98268 0.09
Modify Halsey —-3.14232 0.00188 0.84931 0.98225 0.48

Modify Henderson 0.01938 273.15 1.10732 0.97745 0.51

Modify Chung-Pfost 396.1507 554.9816 0.12451 0.97428 0.57

A# Modify Oswin 0.0879 3.50x10™* 0.68706 0.99476 0.26
Modify Halsey -3.212 0.00422 0.84747 0.994 66 0.26

Modify Henderson 0.01957 273.15 1.10299 0.98515 0.45

Modify Chung-Pfost 175.77320 232.9064 0.12366 0.98492 0.44

S# Modify Oswin 0.08025 0.00111 0.79848 0.99938 0.23
Modify Halsey —2.87174 0.01027 0.98066 0.99906 0.65

Modify Henderson 0.01352 273.15 1.28612 0.98358 0.68

Modify Chung-Pfost 62.42735 53.4526 0.17117 0.976 89 1.08

ot Modify Oswin 0.12955 —-6.87x107* 0.90243 0.99148 0.23
Modify Halsey -2.178 14 —-0.0056 1.10897 0.99023 0.65

Modify Henderson 0.01059 273.15 1.4653 0.98937 0.68

Modify Chung-Pfost 9.16x10% 1.02x10% 0.21415 0.97317 1.08

65
60 ofo

- 05 P

(a) Modify Oswin (b) Modify Halsey (c) Modify Henderson (d) Modify Chung-Pfost

Pl 3 4 FPAERIRT 1 K22 004 it v
Fig. 3 Fitting surfaces of the four models for 1# tobacco shred
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Fig. 4 Fitting surfaces of Modify Oswin model for the moisture absorption process of six types of tobacco shreds

F9 6 FHL I Modify Oswin 581 )7 2 2
Table 9 Equations of Modify Oswin model for six types of
tobacco shreds

Sample Modify Oswin fitting equation
06883
1# EMC = (0.08349+6.354 4 10’4T)( - RH)
068953
24 EMC=(0‘15642—2.40><1()‘3T)(1_RI;H)
3# EMC L
= (0.055 65 +0.002 03T)( — RH)
44 EMC RH_ "™
=(0.08790+3.501 36 x lO"‘T)( — RH)
S# EMC RH_\™
=(0.129550-6.871 32x 10-47)( — RH)
6# EMC RH_\
=(0.080 25 +0.001 lT)( : _RH)

T B OUAR St R 95 T Bk, AH B, DLP 58 B 7R £ 2 454 I
X 7K AR A N A5, R, RS R (FLBR | £F
Lol B4 ) AU 25 5 X DLP B AU 5 45
SR 5 e T Ay S 3K e R S SR I A E
Kok, DRI T ST 5 20 0 22 Y- 5 7K 38 ) T A 5 52
A Z [B] X IR2ZE3E K . 3ok, 78 3 Rl it B 4514
T, TH, 24, 3. AR 22 B TIO 25 SRR 25 A TR/, (H
S5#. OH#IH 22 B U 25 AN KA E -

FI I RAL 5 B 6 PR 22 () FLBR 4548, 25 58 n

Bl 5. B 6 fFE 1207/, WAL 0 1 ok &, S#F1
6#MH 22 I LA 3R, HUAKRAL(>7.5 pm) R &, (5 3
AT 90% (43514 91.2% 1 91.3%), 2 i H #503 (1) %
VR A 1 RN i 1P 5 ACRET B i FRAL Tk 2
PL A W AIE R AETE, HoK - P A i Rl Ak, S 305K
W HEK . I, 4221 TP FL (50 nm~7.5 pm)
LR 34.6%, i35 5 T H A AR 22 (535 7 8%~13% 72
), i RFLE B 65.4%, HILTP- A& AL, B
BN FEARAET R I T AF 0 & KRR E R o 14, 24,
3HHH 22 11 FLBR S5 48 ) b — 35 22 fR), KL i He 7R
85%~88%, 1 FL 15 LR 10%~13%, A IH AR 780 F ) )
FEPEAL TR A K

B 0T (JEHZ R T ) ELA B0 (14 3K P8,
RE5 7K 73 1B UV AO, DUTTT 4 /a1 235 45 7K L A 1421,
7 Fr7R A 6 Bl 22 b i) SOE L 38 JEOE FLTE B A8 )
JOR P S5 B A B A, SR 22 1 b o i 4 B 11.9%,
W JEOBE B 0 0N 10.8%, i L4 A /K Fe Bl m AR, H
K BTt AR e, K R e 25 . el 2 B ELA
AR 1) W IO A 3 B, LA TR ST 2 o BSORE X g A1
(19.5%), UL 45 & K il A BR, 7K 28 22 LA H K
AT, Roe e, WL, 255 % A RIE2Z K
FLBR S5 40 FIBE S W) T2 BT, 1#, 2#. 3#. 422 10
IR TR, TR BE AL, T 5#. 6#IH 22 1Y % 7K
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10 6 FlHLZAEA RN EE BT 14 S BT 1% 7K 4 H1 DLP .. Modify Oswin B 8 14 T - 5 7K ¢
Table 10  Actual equilibrium moisture content of six types of tobacco shreds under different temperature and humidity conditions, and the
equilibrium moisture content predicted by DLP and Modify Oswin models

T/C RH/% Sample Ay EMC/% -
DLP Modify Oswin Act
22 60 1# 0.5760 12.14 12.76 12.78
2# 0.5742 11.16 12.71 12.68
3# 0.5769 12.60 12.72 13.23
4# 0.5693 11.52 12.67 12.76
St 0.5751 13.80 14.43 16.11
ot 0.5801 13.84 16.50 15.52
24 58 1# 0.5734 12.49 12.33 12.36
2# 0.568 1 12.27 12.10 12.13
3# 0.5609 12.67 12.44 12.33
4# 0.5613 12.06 12.00 11.90
St 0.5625 14.64 13.82 13.21
ot 0.5767 13.81 15.13 15.78
26 58 1# 0.5876 12.66 12.49 12.27
2# 0.5825 11.87 12.14 12.21
3# 0.5853 12.12 12.41 12.45
4# 0.5789 11.97 12.11 12.06
St 0.5854 15.57 14.11 14.30
ot 0.5905 14.38 14.94 15.65

F 11 6 PN LL - K 0 S 5 A6 R T R 2 ] F) 248 XoF 8 22

Table 11  Absolute error between the measured and model-predicted values of equilibrium moisture content for six types of tobacco shreds

Absolute error of EMC/%

T/°C RH/% Type"
1# 24 3# 4# S# 6#
22 60 1 0.63 1.52 0.63 1.24 2.31 1.69
2 0.02 0.03 0.51 0.08 1.68 0.97
24 58 1 0.13 0.14 0.34 0.16 1.43 1.97
2 0.03 0.03 0.11 0.10 0.61 0.65
26 58 1 0.39 0.34 0.33 0.10 1.27 1.27
2 0.22 0.07 0.04 0.04 0.19 0.71

1) Type 1—Absolute error of EMC between the measured and the DLP predicted value; Type 2—Absolute error of EMC between the measured and the Mod-

ify Oswin predicted value

3 — 1# 3 —4#
—2# — 5#
— 3# — O#
T?D 2k T?D 2+
E E
2 2
Y ;}%
“El- Cls 1t
0 (W8 1 i 1 1 ] O i 1 1 1 J
0.001 0.1 1 10 100 1000 0.001 0.1 1 10 100 1000
Pore diameter/um Pore diameter/um

5 6 vt 22 A [l LA i il FL AR RR O3 A

Fig. 5 Pore volume distribution of six tobacco shreds with respect to pore diameter
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Fig. 6 Statistical analysis of pore size distribution of six tobacco
shreds
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Table 12 Pore volume of six types of tobacco shreds

Sample Pore volume/(cm-g ™)
1# 2.0051
2# 2.4150
3# 2.4702
4# 3.1031
S# 2.9073
6# 3.4493
30

20 -

wl%

10 r

0

1# 2# 3# 4 S# 6#
B Starch [ Reducing sugars B Total sugars

B 7 6 R 22 ik o . S ORISR 45 A i 7 R AR

Fig. 7 Comparison of total sugar, reducing sugar and starch mass

fraction in six tobacco shreds
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Model Fitting and Mechanism Study of Equilibrium Moisture
Content for Multi-Variety Tobacco Shreds
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Abstract: Moisture content in cut tobacco is a critical factor influencing cigarette production efficiency, product
qualification rate, and smoking quality. To achieve stable control of tobacco moisture content during production,
accurate prediction of ambient temperature and humidity is urgently required. Typical isothermal moisture absorption
models with water activity as the independent variable at constant temperature, as well as equilibrium moisture
content/equilibrium relative humidity models involving both temperature and humidity variables, were established for
the equilibrium moisture content of cut leaf tobacco, expanded cut tobacco, cut sheet tobacco and expanded cut stem
tobacco, respectively. By evaluating the coefficient of determination (R?) and Root Mean Square Error (RMSE), the
Double Logarithm Polynomial (DLP) model and the Modify Oswin model were confirmed to exhibit satisfactory fitting
accuracy, among which the Modify Oswin model achieved R* > 0.99 and RMSE < 0.3%. Through analyzing the pore
structure and sugar components of different cut tobacco types, it was found that expanded cut stem tobacco and cut
sheet tobacco have a high proportion of mesopores and macropores (>7.5 um), with moisture mainly existing as free
water, resulting in significant fluctuations in hygroscopicity. In contrast, cut leaf tobacco and expanded cut tobacco
possess a higher mass fraction of reducing sugars, which tend to form bound water and present strong water retention
capacity. The results provide guidance for setting temperature and humidity parameters in the production and storage of
cut tobacco in manufacturing workshops.
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