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Fig. 1 MVI of pure cigarette ash sample
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Table 2 Orthogonal experiment and range

analysis results

%gA 7{‘5.1 : lﬁﬁ myr{l(]% ﬁifnﬁilgl LS /( m]r‘ll_zl' $) RSD/ %
1 1.11 100 20 0. 603 0.007 11.40
2 1.11 120 30 0.539  0.006 13.35
3 1.11 140 40 0.444 0. 005 12.98
4 1.12 100 30 0.996  0.327 9.50
5 112 120 40 0.993  0.236 5.23
6 1.12 140 20 0.661 0. 002 24.90
7 113 100 40 0.976  0.660 34.06
8 1.13 120 20 0.693 0.024 34.19
9 1.13 140 30 0.783 0.015 27.77
K, 0.0063 0.3312 0.0111 — — —
K, 0.183 0.0887 0.1161 — — —
Ky 0.2327 0.0074 0.3002 — — —
R, 0.2264 0.3238 0.2892 — — —
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Fig. 3 The effect of different mixing times on

MVI measurement results
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Fig. 4 MVI diagram of different cigarette ashes
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Table 3  Estimated Logistic Function Parameters

and MVI Values

SR MvI

FEh " i X, » R? iﬁ!ﬂ“m:fn‘/ ﬂJﬁ‘;T/ RSD/
(nm™+s) (nm™“+s) %

11 -0.003 1.154 632.885 0.968 0.996 0.259

1¥-2 -0.001 0.276 49.408 1.634 0.995 0.258 0.254%" 3.393

1%-3 =0.002 0.310 73.603 1.317 0.996 0.244

2%~1 -0.001 0.459 82.325 1.314 0.997 0.315

2%=2 =0.002 0.485 66.540 1.268 0.996 0.357 0.335*" 6.216

2%-3  -0.002 0.483 83.913 1.361 0.997 0.332

3*-1  0.004 0.254 31.176 2.999 0.994 0.251

3¥-2  0.000 0.430 113.969 1.297 0.995 0.252 0.256"" 2.706

3*-3 0 0.000 0.333 62.113 1.525 0.996 0.264

4*-1 -0.005 0.243 37.771 1.524 0.990 0.216

4%-2 0.000 0.549 242.424 1.002 0.997 0.210 0.215% 2.383

4*-3  -0.001 0.231 32.235 1.999 0.990 0.220

5*~1 -0.008 0.299 39.535 1.326 0.990 0.254

5%-2  -0.005 0.552 182.578 1.056 0.996 0.245 0.239%¢" 7.705

5*-3  -0.006 0.448 153.605 0.962 0.997 0.219

6"-1 =0.002 0.171 21.683 1.838 0.991  0.166

6*-2 -0.003 0.176 29.494 1.371 0.993 0.162 0.167" 3.552

6*=3  0.002 0.175 25.345 3.001 0.990 0.174

SRR RS FR3oR A BN 22 57 8.3 (P<0.05) , FFIARING %
REFR AL BRI 25 AR B (P<0.01)

k4 REVEIBIAK MVI B LR AR X 45 R
Table 4  Test results of MVI and ash integrity of different cigarettes
i Mvi AR JREETH K e

P&/ (nm™+s)  RSD/% YIE RSD/ % PIE RSD/% I/ mm RSD/%
7* 0. 265 7.229 3. 407 24.700 0.374 5.300 40. 830 7.053
8" 0.279 11. 631 4.728 20. 097 0. 358 5.500 43.755 4.934
9* 0.223 4. 940 3.823 16. 800 0. 360 4. 400 45. 050 4. 300
10* 0.182 9. 627 1. 838 19. 217 0.332 4. 100 46. 286 6. 757
1 0.222 2. 481 2.558 14. 100 0. 328 4.200 42.260 4. 100
12* 0. 149 2.712 1. 807 27.500 0.310 3.500 45.750 4. 000
13* 0.227 5.010 4. 740 19. 100 0.327 3.700 44.790 5. 000
14* 0.224 8. 195 4. 354 29. 100 0. 359 7. 600 41. 260 4. 100
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TR MVI 5 K, FORFE R A 0E R e 22, R B A
IRREZ TR R A BE RN B a0 B LR W B, 25
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SRR ZE RS RSB MK 2 1) R O % i

A5 AR MVI 5 G R E AR X R ST R
Table 5  Analysis of the relationship between MVI of
cigarette ash and various indicators

of ash integrity

izt MvI WK KEME FEKRE
MVI 1 0.748*  0.815" -0.536
(Y3 0.748" 1 0. 620 -0. 184
MK 0.815" 0. 620 1 -0.594
FrKag -0.536  -0.184  -0.59%4 1

o FORAE P=0.05 KV L3, wx FIRTE P=0.01 K
FERE,
A6 REVAMEIAK MVI# S-NK % Eris R
Table 6 S-N-K multiple comparison results of MVI
of different cigarette ash

P P = 0.05 KF FHyT4E

1 2 3 4

12* 3 0. 149

10* 3 0.182

1" 3 0.222

9" 3 0.223

14* 3 0.224

13* 3 0.227

7 3 0. 265
8* 3 0.279
P1{E 1. 000 1..000 0.977 0.333
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R B MR AR A3 2EL R, , 38 R 44 43 A0 0 AR 22 0 43 B 3R
PRI AR, TR BOOR B 45 D 8 IR 58 25OR 1Y
TR, T BRI ) 5 08 22 02 K AR IR o 1 M A
Ko SCHR[ 15 IBFFEAS AR W, 748 MW AR B2 I 22 KK 53
AT BT R v, £F 2 258 W0 2%, T CaCO, Uk &
A= BIRITAH ERG % , LT Rila BL— AR, X s
BRI BIS S K \Na™ 5 CaCO, ,CaO JE B [
A AL EA — 7 R REPE, NS BOK AT 52
AN BERCR o X F AR 2L KA 5, B 45 52 )
IR G3-BEE SR AR 145 FEE R S0, 38 7T 5% W 45 AR 44K 53 1
FLFMIMEE R W SRh RE AIR, BE SR AA f  J
SFAR, TO I S AR B 5 4 At 23 [ 1) 2844, DA &)
TR I G B kv, W) g o e SR A ™ K
RS TE | 5 ) 48K K ) ST B B A AL
X T AS AR 530 5, R EE 23520 CaCO, I CaO i
WL [R]85 1) SR A AR | DI 552 M LT AR 22 K 53 i
BRI G ROR . 36 BE R, TR IE %
S BURBIAUR , Ty 1 TR IR RSO G s MR
T T B K 3k R, T 2 PR ke T AN 35 45 LR
HAURWTZ, IR A,

25 L TR A A MR AR W R v 22 R AR
AP T BER MG, HEERBRIE 54 AW Mvi
A, A M B8 RIOCR Bl K MV A AR T
ARAK , X 2 R R SR B4 L R VE T A 245

14¢ 13*

Bs5 FREAMBEKRAEER

Fig.5 Gray column images of different cigarettes
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The relationship between cigarette ash macroscopic viscosity factor
and ash integrity of cigarette
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HAN Lu*,CUI Chun®, WANG Haoli®
1. College of Tobacco Science and Engineering, Zhengzhou University of Light Industry , Zhengzhou 450001 , China
2. Technology Center,,China Tobacco Henan Industrial Co.,Lid., Zhengzhou 450016 , China
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Abstract; In order to investigate the relationship between the viscosity of cigarette ash and the ash integrity of
cigarette, a method was established to determine the macroscopic viscosity factor (MVI) of cigarette ash by using
optical microrheometer. The MVI and ash value, gray value and ash holding capacity of different brands of
cigarettes were determined, andthe relationship between cigarette ash MVI and ash integrity of cigarette was studied
through correlation analysis The results show that the stability of MVI curve can be greatly improved by using flour
as the stabilizer to prepare the mixed sample of soot/flour, which meets the requirement of distinguishing the
viscosity difference of different brands of cigarette ash. The Logistic function can fit the MVI curve well, and its
determination coefficient is above 0. 99. The MVI of cigarette ash was positively correlated with ash value and gray
value of cigarette pack, and the visual effect of ash column became worse with the increase of MVI. Therefore,
appropriate reduction of soot MVI is beneficial to improve the ash integrity of cigarette.

Key words : cigarette ; cigarette ash ; macroscopic viscosity factor;ash integrity
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