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MIHEAREIRAED; AT IR T (CREE S
PIHARGRATD; bl CRIEXRCEVHARARA
q]Ds BRIEBEIREE; (RKERCHEMHEAREGRAT); &
W (RERCEMEAREGRAFD; B EEZ MR
(PBS) (Fr#frdd, dbm&EEAMRAFD; NaCl,
Na,HPO,. KH,PO,. KHCO;. MgClL. CaCl,. HCI.
CH,Cl, (4r#frali, PaBith THAERRAFD.

M250-2.5 CT R (fEE KARL 2
"] ); FP-2255 A BEH REMAI (£E Thwing-
Albert A7) ); HEEEAL (faf2% Buchel AF]); HT
RV (Jisrz— H M E-ER 2 A ).

%1 EREGREMRERARIER

Tab.1 Technical performance indicators of medical silicone rubber film

1.2.1 N RSB )

FZMEER 2 BRI RS, KRR s 4 55
1L TR B2, 4206 B s 845007 79 % NaCl. KCl.
CaCl,» NaH,PO,. MgCly. JRE. 4. K&
WIRRECE R 2 1 L RS, ALK, 1’5,
FAONVER S FRVERERRNG . VA NG, HERRUYY pH
7.0, IINBAEK 2 ZIFE  Be il 4 LS i E AE 0°C~8°C
PIRAGAT -

Fz2 NIMERELA—
Tab.2 Artificial saliva formula I

2H % W/ (mg/mL) ZH Y W/ (mg/mL)

NaCl 1.4 A B 0.2
KCl 0.5 i E 2.7
CaCl, 0.1 VEN 2.5%
NaH,PO, 0.15 T P Tl TR T 0.004*
MgCl, 0.025 R 0.7*

JRE 0.09

ZH il
ELE/ (g/em?) 1.08+0.02
WERE/ (HBIG A 3043
HLAH5E & /MPa >3
K 2/% =650
Wi/ (kN/m) =25
LMAR 2% 2.140.2
1.2 FH%

PEFUBE B TF AR . TR 5 0 5 4R RN 1)
WA, HAERET JMES B R E, MR
FARJFHR: KR AU NS W B @ N TR, &
Uf, FRE— e )RR R RS e A e B A ek 2
B, PHIESLigARxTEsh, i+ ahdek L I E L
TRERFNLES N B A AR RS, RERIAL 1)
JIEAR AR, T THE H RE 2 ) Bl
B0 SR RIES T B B AR RS R
wE 1 AR

N

N 4 7

1SeH, 20 ek, 3. MBESAL CEIRITTR G GEME): 4. %
PRI TR 5. AGEWEIS: 6. ALIREE ML AR A
7. IHEARE R
B 1 FERENRURERE

Fig.1 Schematic diagram of peel force tester

VE: *FALA units/mL.
Note: * The unit is units/mL.

1.2.2 s

TR B 4R DL B T B3 AN AT, 80 LR
i BRI SEAN R T2 & e gk, R
FeUR. FIURIEILAN., flUsk e A0S0 B i Fp . 4R
ITbRHE YC171—2014 #ESAF T2 AFRES. A
R340 20 1 TEFEWERE 2 %4 15 mm, K
FEVERFE A 40 mm, w57 B2 1~20. 3% H = RS
ARG N THEE, MRS 15 mm, K HERH
#H A 40 mm. BT RIE R NOGEAT ETRHAN A
HABRHZ B b 8] B oK BE B9 40 mm,  RIGHE
K 40 mm #ER
1.2.3 WA Hr

B 1 a5 2% 340 s i B S B R . K
b KRR RICE, PRI b, A
I 6 nL N TMEWR R EE RS 40 L, A
S1He N TR R (e B AR EN R T o e a0 i
WSS, FiAKEN 10 mm, HA&H A
10x15=150 mm?®, ##%& 1 min. 38 5 A0
TR MK, PN B 740 3 I B ARG & BT
oy, w1 R, %88 50 mm/min fIRHE R, 7E
BB AR NG WE & 5y T 5% (A R A B fs K U R B
7o

5% GB/T 451.2—2002 “ 4R A4 52 & A0 5 7
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GB/T 451.3—2002 “4CA4NHREERTIIE 7. GB10006
—2021/1SO 8295:1995” i I A v BEH2 SR H ) 5E
A3RE 20 MR T B R RN ARl B R R B
WE, HoAou BEE R 50 e AR & 2 3, 3
DR AR 4% ) 1) JBE 4 2R 5

P BT AR bR JE )58 SON RIS 3, #2301
THEAR RS S 98 -

D= r QD)
S

K D— ARG SR, BN A TR
T Rk (N/mm?); F—34) B 3 B R A 52 H 3
1, AN (ND; S—— R 4CRIE B HRG &

1, BAAONE 2K (mm®) . B 3 YCEAT INE 45
P N e MRS S, FEHIZ 0.01 N/mm?®, “FAT
I 52 25 B AR 204 22 BN T 10%.
1.3 B EITM

PR TR ARS FE B gt R bR B dE: il Tl
DM S SE ) 1:1 2%, BV RAMERE;
DI 5 ST 2 [ )38 AR R 2 (RMSED. H—1k3%)
J7 iR ZE (NRMSE) A H & 2 %(R”) .RMSE Fl nRMSE
S BT R SR 2 (B R 4 e R ZE RAR R 22, M
/N2 B T R s R S W TN A0 Sz 2 ]
M) — 80, (EEEIR 1 3R B TR R SR )RR 2R
R EU>14, RMSE Al nRMSE HJiHE AR5 (2)
(3):

I
1@ﬁw=J;§:hgx—xnz (2)
1 n 2
\/Z L (Y- X))
nRMSE =" — x100% (3)

A: Y RLX o BRI E AT S X sl
HHE-TIME: n AR E.

2 ZFR5i1TE

21 ANIMERECH

Y 2 B E 0 s 5 S0 8 M P MRV R A s BROK
AN E B SRR Y. I ERE A . B
ZHE. BEA. IRESAENDL AR AL
ST, e pH 7E 6.6~7.11, ZAMKZEF5Um, M
WAHRIRATRE, HIEMGRAEAAE, [Khses:
R PN AR B STV AE AR & A . H
N TR NS, —RRTENERIER: 57—

NEEEA . B EA LSRRI 5 Bl L ER
B S YR TEYI B N e e T IR 2, P
FTEHL AT WAL 3L 4. T —HEHZ A
POisE TED I, R i RSO VL 1 B B R S R (R R
R EERR; B ORI, RS, B
MUK JE 11 9R B A K BT = BARFIRE B 7150 REUK,
{ELER T PR ZRC b A ey » AT R R AT SE B i AN
PRI, O SEGFRAOTH 2 2 S Bsil B H A I RE , #E
N TP 8 4 7 — P

Fz3 ATERRRAZ
Tab.3 Artificial saliva formula II

2H K WFE/ (mmol/L) 1L 2/
NaCl 10.00 0.5850
Na,HPO, 2.40 0.3408
KH,PO, 2.50 0.3400
FrER 0.15 0.0288
KHCO; 15.00 1.5018
MgCl, 1.50 0.1425
CaCl, 1.50 0.1665

In#BaiK 1L, FHIRRRIET pH 2 6.7

F4 NIERREA=
Tab.4 Artificial saliva formula III

EEND & H AR A&

KClI 0.400 g JRE 1.000 g

NaCl 0.400 g Na,S-2H,0 0.005 g
CaCl,2H,0 0.795 g NaOH W pH £ 6.9

NaH,PO,-2H,0 0.780 g ZRIEK

JNZE 1000 mL

22 fHEER

MG TR BRI ERE RN, 5% YC171—
2014 TEE AR BY 52 FE N 15 mm FI4RHE R, K& TR
B A K e, KA A 30 2 5 A e
KAEBIRE & IR T . K& KK G 8 k& 7
IR, RIBSATF, SIS KRR KA KA
ATREREATIRIE /7. #4550 mm/min [HHIE 2R,
FrERE 1 min, N THEREN 6 uL, 7% -
FERRA, B, FER. R, DIk 5 MRt (1
.65, 85, 115, 195) ##7TREK. KEHE
ERAKEA TR, 4 FAERTE 10 mm RS K
FE R REERI RS & 18R, 11 Sl BSR Bk 4R 7E 15
mm A1 20 mm K& T2 EFHESR, TREER AR R
Ko I 10 mm FORGEK B TR A 0O, HI
TEIEARNEATE, SER G E R I IE,
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KRB F B A B S BIRGE AR, SLIREIR AR
E, WAEIENE. 46t iR, AR
LA EEMAZ, HEaKEN 10 mm, K&
9 10x15=150 mm®.
23 ANITMEGRE

W Y A R R FH B2 AR SR R O R 2, MRV
BRDEARLEMET, WRHEKRKE, BERAEDY
BiE. e NG S MR & i, %8 50
mm/min FIFFIEZ, EHCRGEE R 1 min, FIH
THEBEREE > BB 2 pLy 4 uLy 6 pL. 10 pL. 20 pL.
50 uL N TTHER, 23 B Bk 5 ANEE S T ke,
SR 2 Fros o RIS JIBEAE N MR A FrEAL,
5 FhEEAAE N THEHE AN 6 uL IAN & J1ik ik
B, HPSSEHEMmK. Fit, #ielie AT
MEYR BN 6 pLo

1. 0
e e 12
T — &, @ ===Ess ﬁ"ﬁ:
o8 ;TN ==
0. 61 / \ o
g / \
fg 0. 4 i \\
0. "--\
0-

2 4 6 0 2 50
Wil £/ UL
B2 ANILMEREFRMKMNL

Fig.2 Optimization of artificial saliva volume

24 FRERE

B TR AR BN T 2R, AN [ 5 2 4k
N TR R (1 WS35 35 A P I o e L ) ) AR A0 T AR
1, RSB E R AT TR ORI 1 58
B AR it 2 v BT TR A3 S BURS B  Se BA S ek /N
s T 11 S AN TR R, BRI
B S BT 20 B R 5 ANEE S T IR,
BB B AR S IR A K BN 10 mm, RE & TR
10x15=150 mm®, %M 50 mm/min fIFHIEZ, AT
MEVR FA 6 uL, 4> 7FFE 10s. 30s. 1 min. 2 min.
3 min. 5 min FFATIRE, WIS R WME 3 Froas. S
MEHALER BTN 1 min BIAR KK S 71, JFlT
N eI AR R RN, KGR0 R B,
SE B B A 1 min.

0 30 60 120 180 300
5B I 1E] /s

B3 EMEMRL
Fig.3 Optimization of the standing time

2.4 RIRRE

iz HERADL St MR IS 186 s 2 T i ) iz o A7 0 e X
X REM € 2RSS 77, 405 B 10 mm/min. 20 mm/min.
30 mm/min. 50 mm/min. 100 mm/min. 150 mm/min
BEAT ARG, AR RS, FEIE R i 22 W T I
N THER DA AR R, ARIREE 7T,
P PN S PR L AT . 20 %) Bk 5 A
FEMAT AL, Woe A B R & KE N 10
mm, K& 10x15=150 mm?, A THEWE N 6 L,
FFEISTA] 1 min, XfHOREGHIE 4 Fros, SRR
FLAHEE Y 50 mm/min I 3K K& 70, € S AHE
2N 50 mm/min.

1. 07
i 145-
—————— 65 (A N
0. 8 8 / -
195 /
0. 6 /
E‘ /
4n 0. 41 PR
= i
0. 21
0_

10 20 30 50 1060 150
i fHE 2/ (mm/min)
4 RRERMRL
Fig.4 Optimization of the extension rate
2.5 MIKER
SIS VOB ERR A KEN 10
mm, FE& TR 10x15=150 mm®, %88 50 mm/min [£]
Prfig s, N THERER 6 uL, KRR NI,
FREIAIY 1 min, ) 088 5 2 P4 T 5 25 U
Bl WA BT 2 Sl SR BN ARG & R R,
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B 1 PR . FEHRAUNI GG YR S 70 TFIHR AR AR 2 i K
VAL WSE Y= B AL S VAR AN e 0k <Y =2 WSh i) =3
SR . T BN AR O K 2 G A A AR K
RS S, RGN S atE, HahEE

BB P A B RE L7 S B il R R, A
R B Z R A . DRI, G A A B RS b
JRRE e BB EEE R RS 1.2.3 WE, 20 A
MEss RN 5.

RS TRIZEERMERE. BE. EEMNEZERINEE

Tab.5 Test results of adhesive force, thickness, grammage and dynamic friction coefficient of different tipping paper samples

FE FhJESEE/ (N/mm?) B BEHE R JELJE fmm SE &/ (g/m?) RSD/%
1 1.96x107 0.409 0.043 39.28 1~6.9
2 0.68x107 0.254 0.047 4230 1.2~72
3 1.20x10° 0.374 0.042 36.90 1.3~7.7
4 1.29x10° 0.404 0.042 38.70 0.5~9.2
5 2.90x10° 0.432 0.044 39.30 0.2~9.8
6 1.45%10° 0.293 0.045 38.50 0.6~8.2
7 3.95x10° 0.541 0.043 36.34 1.2~92
8 0.91x10° 0.287 0.046 41.54 1.5~10
9 4.40x10° 0.600 0.043 37.54 1.4~93
10 0.87x107 0.300 0.042 42.10 0.9~8.2
11 5.93x10° 0.750 0.040 37.10 1.6~8.4
12 1.10x10° 0.373 0.046 42.40 1.4~9.6
13 4.04x10° 0.608 0.040 36.40 0.2~72
14 1.20x10° 0.367 0.042 39.62 1.5~8.5
15 1.21x10° 0.306 0.040 37.94 1.0~9.8
16 1.32x10° 0.463 0.040 39.06 1.7~9.2
17 1.31x10° 0.285 0.044 41.28 1.0~7.7
18 2.90x10° 0.266 0.044 39.32 1.6~8.2
19 2.97x10° 0.323 0.040 38.54 2.2~97
20 3.47x107 0.381 0.093 92.00 3.2~10.0

LU 45 FR W A S M B N FRER I 26 4F
J Lo 2 25 4 (S S 5 3 Y PR M 0.68%107°~5.93x107
N/mm®. AS6AIE S MR 46 SRR e, ik 12 A0
FAT 1~20 S EEACEHIRE S I RE AT B AU PP, 17
TR Z A YmiORE T, MR R 5. xEk 5
AE 5 050, RSO0 S 4 BT 3.5%10° N/mm’

S
A

[«
1

TFIRESR (AH)
- o

n
1

FIRER, BT ZUCAREEHE, Hp o5
A SEEAEES, 12 M EFRVNE R RIS,
2 SRERINR S Sy 0.68x107 N/mm?, 12 AN 54
B RENE . AT, R R S AR
ARG TN 5E SR 5 SR 5 B PRI 45 R — 8, IR
o A VAT S . HER

- HE

ERKE
- THIE

o

10
i

SRS L = AR

Fig.5 Results of lip adhesion evaluation of cigarette paper
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2.6 ERAMEBEIRBENL (0.040~0.047 g/m®) JEFETEF (36.34~42.40 mm) T
F 6 TLUEH, ErsEERMGMEIZRE  SHENZEMESHEREE.
AR E A MR (0.8137), FAME E &
*=o #EHN. BE. EEMHEERYA Mt BHEXARIBERLEE

Tab.6 Summary table of correlation coefficients among the adhesive force, thickness, grammage, and dynamic friction coefficient

B EEYE R JE E ThE S
B BE R 1 -0.125 -0.138 0.813"
B 1 0.989" 0.119
EE 1 0.089

T E S 1

VE: ROR PAETE 0.01 KF G _ERZFEME, N=20.

Note: * * indicates a significant correlation between P values at the 0.01 level (bilateral), N=20.

WX B EE R R EREHIEATIE MG EE TN T 0.05 MAR R AR R 25
ZEVATREERI, BT REESEEZEAARNIE  YERT 0.1 MAREHR D EENEREN TR EE S €&
2t (R 6), HWESHIEJIHIMRE LR R, IR (R Do

®7 NHERERYK. BE. EEHITELEARHKNEE

Tab.7 Variables eliminated after stepwise regression on dynamic friction coefficient, thickness, and quantification

e , s . et gt
et EVEES A T ITUEES —
KE
. JE 0.223 1.693 0.109 0.380 0.984
JE 0.204 1.526 0.145 0.347 0.981

* 8 HEFERYSHENNEEAEREER
Tab.8 Regression equation model information of sliding friction coefficient and lip adhesion force
L RAHL R HRIER bR ZE
1 0.813 0.661 0.642 0.13

®9 DEBFRYSHENNEASEERRE

Tab.9 Regression equation model test of sliding friction coefficient and lip adhesive force

Y TR H ¥ FA N 2
EVE! 0.613 1 0.613 35.063 <0.0001
hk 2 0.315 18 0.017

Mt 0.928 19

® 10 EBRRYSHENEAGEERRY

Tab.10 Regression equation model coefficients of sliding friction coefficient and lip adhesion force

REAY 2R ., L
B = ;F“ BN e bR R it B
o -0.204 0.096 -2.122 0.048
iﬂ@ﬁ%%[ 1.353 0.228 0.813 5.921 0.000

K 8~10 UIREH T B EEE R BUE ARMET, A FIH 123 AN (1D Hok S i AR AUHIBE S
JiI SPSS BAFHAGH)— LA FEBAN: F owmnen=  BOREETEAL 150 mm®, AR (D F FARE Bk
-0.204+1.353*X sz, MIEHTTREM RESGILF] P<0.05 30 —JClEEATTHRE F omncnn=-0.204+1.353%X s zn
PR EMAKT. BT ERARESAGMERELRE 7 REE, &R AA:
T RRARE A B B A S AR ST AN YV emse=136 X1049.02X 104X gpnzs...(.. X0.151)  (4)
150 mm’ I I ACKEE /7, NREREE T, FHE YUK B R REOI R T %, BRI AR AR E L
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BN X KT 0.151,
27 EEREMERERENERSHIE
2.7.1 R fE A
FEIR 122 HEAIIFES, BHETER 1 5. 6 5. 8
1T 19 SHRANFER T2, AFRRES
FeqR, ME LR AN PEEE R, FARIE A (4D Tt
PR ARG S o, [ A 42 L 30 25 56 WSOt A )
FE S AT AR, J5 0 B Ik, X Ebgs R ILER 11,
11 MR SR 08 A TOME 5 ST R Ee

Tab.11 Comparison of the predicted and measured Lip-adhesion
strength of cigarette paper

. . " TR J 5/ SERRALJE 5/

Frin - SRR (N/mm?) (N/mm?)
1 0.404 2.28x107 1.96x107
2 0.293 1.28x1073 1.07x1073
3 0.541 3.52x107 2.98x107
4 0.432 2.54x107 2.62x107
5 0.287 1.23x10° 1.22x10°
6 0.600 4.05%107 3.36x107
7 0.341 1.72x1073 1.62x1073
8 0.550 3.60x107 2.89x107
9 0.373 2.00x107 1.98x10°
10 0.484 3.01x107 4.02x107

2.7.2  HRAYPHER L

P 6 S TINE AN ST e O b, AT LA H O
VEAE 1:1 ZRMHiE, R 9 0.97, nRMSE A 7.26%, &Ff
st LR B B R IO 5 S S A &, FLSEIME %
T LR /N, T fi SR A A R Sl B 5 R P A 4%
PEGIURE . BRI B 5%

SEIME (X 107°N/mm?®)
F

R’=0.9712
nRMSE=7 .26%

1 T T T T T
1 2 3 - 5 6 7

FMAE (X 10°N/mm?)
E 6 MHAZEYHERE TUNME S STNEXT b

Fig.6 Comparison of the predicted and measured lip-adhesion

strength of cigarette paper

3 it

R G FH 2 4R B R T 11 50 B8 8 3R 0 e 4R)R
fE BB =FH MRS 0K &R AR A HEA A
TP TR R A0 NI S TR &, B E —
BT IE) 5, e F B sa FE AN B E 7 =38 Z 18]
FIES 77, R a0 R AR S T &
KR LLIUAGTTIE, BE T SRIn ok 2 e R A
AR RNEMS S, AU SR A BN 10 mm,
AT 10¥15=150 mm®, ## 50 mm/min L
M, N THEREN 6 uL, FHERECY 1 min. KHAA
TR VPRI R AEREA T X B, BOAIE T IR S R
AISEVE KRGS 1 5 AN R R Y B 4R IR b sl BEHE 2R
B R EEAE SR AR IR AT L. BIARIE N
Y wrn=-1.36 X 107 +9.02 X 107*X sysznco A2 IABI Y
TRBERS A,  PIINE S SEME B AR AE 1:1 L,
WERE RN 097, U1k HIRIRE nRMSE A
7.26%. AWFFUSRHE T —Mrag o, A5 e B A B
BEAUNT S RGBS 8 77, AT DR GF () Gt St i) A
By N T8 VPR Y >R P W AT 2% 5 mie A 22 SR P 3R AIE
FINEM . =R, HEEVLE. BERE, 8Tk
YIEHEEN . TREETE. TH™ e R
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Modeling of lip sticking degree of cigarette tipping paper and its application research

YANG Ji, YIN Zhijiang, GUO Lijuan, ZHANG Tao, TIAN Ran, FANG Duoqing, YE Ling,
WANG Hao, TANG Shiyun, LI Zhenjie, YANG Xi'
R&D Center of China Tobacco Yunnan Industrial Co., Ltd., Kunming 650231, China

Abstract: To quickly and accurately determine the adhesive degree of cigarette tipping paper to lips, a model prediction method of
cigarette paper lip adhesion degree was proposed. A peel strength tester was used to measure the adhesion force between various cigarette
papers and artificial lips bonded with artificial saliva. The measured values were compared with human sensory evaluation. Through
comparison and optimization, the experimental conditions were determined as follows: medical-grade silicone was selected as the artificial
lip; artificial saliva containing bioactive components such as proteins, enzymes, and inorganic salts was prepared; the bonding length
between the cigarette paper and the lip was 10 mm, with a bonding area of 150 mm?, tensile speed of 50 mm/min, artificial saliva volume
of 6 uL, and a standing time of 1 min. The lip-sticking degree of tipping paper was strongly correlated with its friction coefficient.
Therefore, a prediction model for lip-sticking degree was developed using the dynamic friction coefficient. The predicted values were
largely consistent with the measured values, with a coefficient of determination (R?) of 0.97 between predicted and observed values and a
normalized root mean square error (nRMSE) of 6.4-7.26%. These results indicate that the model is accurate and reliable. This method
allows for the quick, convenient, and quantitative determination of the lip-sticking degree of tipping paper, eliminating the influence of
subjective factors and variations in panel sensory evaluation.

Keywords: cigarette tipping paper; lip sticking degree; peel strength tester; sliding friction coefficient tester; peel force; artificial mouth skin
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