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Effects of stem morphology on processing and comprehensive

quality of slim cigarettes
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Abstract: In order to study the blending effect of different stem mor-
phology with leaf silk and understand the influence of different stem
morphology on the comprehensive quality of slim cigarette, the mix-
ing uniformity of filamentary and flake stems with leaf silk in pro-
cessing were compared. Moreover, the influence of two kinds of
stems on the quality stability of cigarette physical, smoke, sensory
and combustion were investigated. The results showed that,
compared with the flake stem, filamentary stem blending with leaf
silk had higher mixing uniformity and good stability in the process of

mixed silk and rolling. The physical quality of slim cigarettes blended
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with filamentary stem was better, but the single weight and the re-
sistance were bigger. This may be related to the filamentary structure
and filament ratio. The smoke index of the slim cigarettes blended
with filamentary stem had better stability and the cigarette damage
index was lower. The sensory quality was slightly better, and the
number of the suction port and the smoke nicotine were higher. The
slim cigarette blending with filamentary stem had better combustion
stability and could reduce the combustion temperature 18 ‘C during
slim cigarette aspiration.

Keywords: stem morphology; filamentary stem; mixing uniformity;

quality stability
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1.2 A&
1.2.1 BEZzilae T2 3@ a0k 8 B s 4 5 3 R U A 42 5 L 0%
S 2 FhRE 22, R 220K 22 A0 R A 22, A 22 T A A
b M 43 e —— YR ] ) — — R AR — R [l ok e
A — A 1 T — s A — ) A 22 — A 22 i ke [l 0 — A 22 g ik
HTH--®azmaEx. B P RELAERE. U258 E
0.15 mm, ZZRAH 22 FE R JEE 0.8 mm, ¥] 22 5 i 0.08 mm; fifi 2
R 5 T4 L7 R A INZE AR T K T ZS 8% 1.
1.2.2 I J5 ik W AE 22 75 Al S0 i 22 (it 22 SERE 0.8 mm)
TR TF B 5% R BRAMN 2, 2 IE AERXIR L
B L. srFEmE L 10 1 m b B2 RS min B
B30 kg, JLH 5 W, T IBCAR 22 4% it 43 ) 28 1 KL% A SR AL

AT TE A i M 4% 5 20 5 min BUHIZRAH 22 300 g, 3L 5 WK
k1 BLBEKETRIFSH
Table 1 Stem wire expansion and drying process parameters
YRR S BOE /) N2 TAEZE A/ TH—IX T IX
(kg + h™1) (kg + h™D WEREME/C JENREM/MPa WEREME/C KSR ER/ MPa
1 800 650~750 110~130 0.60~0.80 60~70 0.55~0.75

1.3 il A&

1.3.1 fEZZJE AR e FRSCIRIS I 7 i o ok I & 43
A X CCD AH ALK B A A 22 — 4t 4% 3 17 4b 20, B 22 35 5]
T B BRI AE 58 8 3

F(x) = exp(—dzx‘) , (D
1n(1r172)

v = exp[ 1, (2)

A

— X[ T, mm;

F(x) = WK 22 58 B 2 005 5 B 1 L 4 CRPRE
i BB XA R R AR A ED L 0
d—H RS
SV REG

Yy L2 RHAE SEE , mm.
SR TR 22 57 18 5 € | o LU B g B0 A8 22 98 2 DX W) 2 U4 A
FE SRR LZIR 35 H A5 B 22300 50 D 220K L R 22 R R A AR

4 Fp, L 2,
1.3.2 #2250 2238 & W R 47 ol Ar el
AT .
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Table 2 Quantitative Characterization for stem shape

FE2ZIEAS  FRAETERE /mm 5 LA R B A 22 B8 X [A] /mm

224k y<1.2 0.6~1.2

RN 0.9~1.5
1.2<<y<1.8

i AR Y 1.2~1.8

ok y=1.8 >1.8
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Different processing parameters made of silk view

A1
Figure 1
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Table 3 The proportion and distribution of the width of the silk width interval

FEh RRAETERE 25 T B DX A 22 JiT (5 L)/ %

G5 y/mm  0.6~1.2mm 0.9~1.5mm 1.2~1.8 mm >1.8 mm
1# 1.00 85.0 59.1 10.0 0.8
24 2.32 5.0 10.0 17.0 78.0

k4 EayBERERUER
Table 4 Quality test results of silk

BESM A RR BeR/ % ReER/ % hR/W R/ LR/ Y I/ (em® e g )
22 R 24 82.7 54.0 28.7 15.0 2.3 9.22
J AR A 22 92.5 69.4 23.1 7.1 0.4 9.18
x5 EIFTARESELILGHIAEDH
Table 5 Analysis of Variance of different morphology in different processes %
S & R Tl 22 4 il
EZ2N JIRU 224k RN 224k ARV 22N RN
H{E 4.97 4.99 5.01 4.99 5.0 5.01 4.96 4.98
B2 0.23 0.24 0.25 0.25 0.3 0.29 0.28 0.3
o e TR TR TR
*6 BAHMABENEER'
Table 6 Mixing uniformity results %
i 22 Tt 22 & il
FE i 5
220K RN E2N Ak E2N RN 220K ARV
1 95.46 95.68 95.88 95.06 92.75 92.56 92.45 92.26
2 95.28 95.26 95.71 95.46 92.95 91.54 92.35 91.94
3 95.57 95.71 95.78 95.20 92.90 92.48 92.50 92.28
4 95.76 95.73 95.72 95.00 92.91 92.49 92.61 92.29
5 95.75 95.79 95.93 95.30 92.80 92.44 92.60 92.34
6 95.85 95.92 95.80 95.38 92.75 92.44 92.65 92.44
7 95.11 95.33 96.06 95.35 92.86 92.50 92.26 92.00
8 95.48 95.62 95.75 95.43 92.76 92.51 92.46 92.21
9 95.73 95.70 95.63 95.16 92.69 92.58 92.59 92.28
10 95.31 95.54 95.62 95.16 92.77 92.45 92.37 92.15

T ORFRIB I LRAE L2 W 22 5 R IR R AB B FORAE 22 (9 40 22
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Table 7 Analysis of variance of mixed uniformity %
S A R Tl 22 il
8 Wi R Al PR 2k Rk 2k n
H{E 95.53 95.63 95.79 95.25 92.85 92.51 92.48 92.22
B R 2 0.25 0.20 0.13 0.16 0.14 0.18 0.13 0.15
P 0.34 1.80E—07 0.040 5.00E—04
T RBIRBECA LR LN 22 5 FIRFR B B R 222 .
2 7 "l AlL Tl 22 5t 228 85 R MR Tl i L B i 22 57, 33
(1) H ¥R A 389 50 BE 2 (6 AR o O 22 70 LU 8 & )% THBAHEERN TR,
FORAE 22 5 22 IR G ST BE S R e MR IR 24 Ly (D) HIRZANBMIL Ttz Ty 2 5 204

LR 22 5 22 IR A B A B EE FIRAE 227 0.54 %, Fa e SIERRANT 2.85%, Tt £ B &6 L F RS WA EFRMIKT
WU s 3 0 46 I, 2 AR A 22 5 24 IR A 1 AT R T Rk 0.3% , WOANAHREWSMEN THER R k2 ESER.
K227 0.28 %, Fa 5@ MR AT L?ﬁﬁiﬂ%f%iﬂﬂniﬁﬁtﬁ SN T ARIE B A R W 415 0 22 1

(2) mIF M PEMUE S INEE 2 e 5t PNk R KGR i 7R P AT .
MRS TR EZFREAMEBH ARG 2 MESEZ 23 BLHRINBEEERERNE

SR N EARARERES. 2.3.1 RLFRMZWIIEIR iR 8 THLBHE 2 AP &

i

(3) WIRZ BN W Lip AE22 50 22 R S 51 BE TN 2200 22 ) SR8 45 JF TC W38 P 22 57 L 7T BB 5 1 22 45 10 1L 1) 68

B G FEAR T 326 UL AE Z2idd XUy i 22 6 M BIL I AL IR I i N K.
*8 RLRBBELYWIERER

Table 8 The physical index of tobacco after mixed silk %
S ER e WAl By R T 22 % 2 Vi
E2N ARIN 224Kk RN 224k RN E2N RN E 2N RN
S H 12.46 12.47 4.58 4.56 79.20 79.10 2.62 2.50 99.50 99.20
T 1 Al 22 0.20 0.20 0.10 0.14 1.30 1.20 0.50 0.40 0.10 0.20
P 0.64 023 05 058 o043

2.3.2 BYIBBR LB MR 910 AT 2ZRAE 220 B SRR E 5 22008 22 8 M 10 BRSO B R OIRE 22 i 1
FA B AR R R v 22 B LR R 22 5 Y /N 22 e R 5 SCHREA T L7 T o 48 34 B9 A 22 1 25 %0 ML A& J 9 PR 46 A
24 IRAGE 22 35 0 1) B0 S 5T d b O R BEL b AR R TR S bR AR L SRS I8 — B AT RE R 2R 2 R R A5 A R /N L AR S

FORFE 2 AR/ HE 5 B 2 R Z i B 3 SRR B
®9 BEYERSHUER

Table 9 Physical quality test results of cigarettes

PR/ B hE WCBE/ WP AR AR/ R/ R/ KE/ SRR/ ﬁ#&&ﬁ%ﬂ/
wawees T R/ S
g Wi/ g kPa kPa % mm mm % (mg * -
SE M 0.543 0 0.012 9 1.220 2 0.054 9 62.63 2.82 16.95 96.97 1.79 3.1
P %4 0.542 8 0.013 1 1.193 7 0.055 8 62.92 2.90 16.93 96.68 1.80 3.2
T SHBMHLIRIB I L RAE L2 (AN S A 5 P 45 R 18 e AR 22 10 40 S 640
x10 LZREMEBERERGEAESN
Table 10 Analysis of variance of physical quality index of cigarette
S LiS3ei TARE i S V& 24 B3 JB S A A % BEL A7 i 188 B A i
el
SHEM PHM  SHLW PHBW O SEM PEHEM O SHLMW PHM O SEM PLHW O SEHEM PEM
SEAE 0.543 0 0.542 8 1.79 1.8 3.1 3.2 0.0129 0.0131 0.0549 0.0558 2.82 2.9
PREIR 2 0.0129  0.013 1 0.15 0.1 0.5 0.6 0.000 9 0.001 0 0.004 5 0.004 8 0.50 0.4
P 0.04 0.03 0.05 0.03 0.02 0.04

TS B MR B T 22 R 22 1) 20 S A5 M 3 P A M 2R 18 0 IR 22 1) 20 S 4
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2.3.3 BEMESIRIRILE R 11,12 AT,

(1 BARARY K R E T CO 1Y P {E1>>0.05,3%
BB T 2 A0S AT 2245 0 Y BORLAR W K 43 LAl i A CO
T EZES . MR O ECRIER & P {H<C0.05, BB 2 FJE
AT 22 20 S KR 00 Hl 0 R B 2

(2) 5 RO 224 L L 35 T 22 R4 22 6 10 0 3l % 01 450
AR BEROR

(3) {BTC 22 R AT 22 45 0 B il W 10 650, JEORE A 4 L K 4
T o Al 22 2 BN OB R Y A i 22 AH 2 1 T
LLARAT L2 B BCRE iy 00 Aih W 10 55 SORE AR ) K S A e S
TEAR HA AP AR E T o 22 R 22 35 40 19 6 K0 AH 0 LK 23
HRTF AORBE 22 & W . 5 SCIRC7 T g ie — 2.

2.3.4 AFWH R ELL TS S WAL B B SR E
B RN S R IR 13,

11 BRAESKRERVER
Table 11  Cigarette smoke quality test results
Y il 171 ¥/ SORLARY/ Kar/ fEahE/ S B 2/ CO &/
A JHAE wiH ) ) ) ) ) A
cig™! (mg * cig”™ ") (mg * cig™ 1) (mg * cig™ 1) (mg « cig™ 1) (mg * cig™ ")
I 6.29 7.49 0.56 6.52 0.54 4.43
S & ]
F A 0.07 0.38 0.06 0.33 0.01 0.30
HI{E 6.10 7.20 0.52 6.52 0.52 4.44
P &40 o
F A 0.13 0.53 0.11 0.50 0.01 0.22
xR 12 BHRESREFESH
Table 12 Analysis of cigarette Smoke quality variance

25 R SORAEY Koy FEH S B et CO #

mHE 4ln 0.251 4 0.6318 0.014 3 0.000 1 0.003 2 0.001 5

IR 4l 0.318 7 6.033 5 0.210 8 5.036 1 0.001 7 1.907 4

417 1 1 1 1 1 1
EREEp:
HN 28 28 28 28 28 28
¥y 2 ] 0.251 4 0.631 8 0.014 3 0.000 1 0.003 2 0.001 5
) HN 0.011 4 0.215 5 0.007 5 0.179 9 0.000 1 0.068 1
F1{i 22.09 2.93 1.90 0.00 52.94 0.02
Py 0.000 1 0.097 9 0.179 5 0.981 5 0.000 0 0.883 1
F Ilfi Rl 4.196 0 4.196 0 4.196 0 4.196 0 4.196 0 4.196 0
R 13 HBHEBESEERFIENER
Table 13 Cigarette smoke hazard ingredient test results
. . AR/ NNK/ a/ I/ ENUY BT/ — AR/ )
B HRRE & . . . . . ) . 1 M5 B
(pg+cigm?)  (ng-cig™") (pg -+ cig™ (ng *cig” 1) (pg -+ cig™ (pg = cig™H (mg * cig™ 1)
S B AH 124.4 4.6 7.7 9.4 10.8 15.0 10.6 8.1
P &M 124.6 4.8 8.0 9.5 11.2 14.6 10.9 8.3

o1 13 AT BB R Z B 5 B A AR AR
22 125 AR LE L B T SR AT 3 LA Sh AR A A B
PrFEAR . 2R a B ARG T M08 20 B T A5 L A L T B BE RO
22 BT L2 RAT 22 35 JH B A R B B AR
2.3.5 EBELE diE 4 aAL 5B REZ N E
JEAR EC 45 TG 22 0R A 22 45 A0 B 1 3P IR 45 SR AR A A0 2 0
PO FA VR S5 R R TR B MO BRI 0.7 48

R4 HBHBREITRER

Table 14 Cigarettes sensory evaluation results

BURER ObE FR R JeR REME Ruk Ear
S &M 5.0 28.96 5.0 10.96 17.89 22.09 89.9
P & 5.0 28.61 5.0 10.83 17.78 22.02 89.2

2.4 TELARENT SRR

2,41 BRBEH A HURFAFIEKPERBXT I B3 15 WAL B
WL 22 R AT 22 35 IR 2 1 35 (0.31) K T 4B B H R 4 22 % I
(0.25), PIFMEIIME S B 1.19) >P HMH (1.03), B £
ARHE 22 45 SRR B AN 55 2.3.2 o 32 0000 Sl o 11 B
ZH—5.

e &3 AT B T IR AT 22 B R B R AR B A R K
WG H R 3 HLBE | 15 0 22 IR 22 45 0 40 K B 5 A B R
B R IRBE AT .

2.4.2  BMBRBEIREEXT Ll B 4 W, R R 22 46 0 ik i

1 AR R BE TRLRE BT SR B 788.7 °C, 22 AR A 22 45 HE il R o A

PRBETRE TSR] 770.6 °C . HHULTT AN AH LG T EC A RAT 22,
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Table 15 Smoke burning characteristics of the test results
IR el A A
T HHEE i e/ o A 22 / W/ b2/
(mm * min~!) (mm * min~ 1) mm mm
S &M 5.65 0.31 1.19 0.35
P &M 5.56 0.25 1.03 0.36

B2 AMma Rkt

Figure 2 Comparison of cigarette pack ash performance

PEIR SEIR
- -

B3 HER R AL LY & B MR b R AT

Figure 3 Comparison of combustion temperature of

different concentrated cigarette
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7] B 25 60 2 % 200 3 35 0 0 B0 L0 VIR R AR D T B R R E
PER R L BF 5 R B - 220K AR 22 5 0 22 IR B B I ME A T
FOWRATE 22 5 22 R 22 240 3 36 A 1) 32 2 S0 ) B AR A % A AR
PR R E TERE TLAF T RORAE 22 5 22 R0 22 4 J B AT SE IS E
VIR 5 T 5 AT /N 9 A B L FL LK PR RE AR A
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