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Fig. 1 Schematic diagram on the structure of a
heated tobacco product
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Fig.2 Schematic of the experimental setup

+1 C AR REAE b £2% , Flimeh & el e i 2 11 1)
LT B AL TE WA B2 B, T S B A AR
g

RN RGeS SMPS K GC-MS 41X, SE
XA I T 8 AR RLAR S 805 4 4y B R AR
Ay SMPS FH T 2% 11 3 M A< 37 e 5k 2R A it
KRR B FA3 A FRAE , GC-MS AU T 28 6 5% AH 20
G3FARSORL AR 20 43 6 SR AH 20 43 I3t 6 45 0 <
VA I AT SRR IR R A, PR DR AT A O B
T R ) 2 BOHE o J 4 A6 BOHGE 3 GC-MS AR
HEATIR, O AR A A v ) o ith Ze AT bR, 15 2
A H ARG RS SRR A B T
WAL GC-MS 3R FH A 4 B o s ) s A0 i v
VOCs &t il 5 J7 v 5 SCHR [ 18 ] AH [R], 36 B 40 A
SRS AR S B R 22 0 W TR T I — {3
530,
1.2.3 SERKEENE L858 XALE N
30,40 .50 HYIFEL , AR 25 °C AHXHREE 50%
ZRAFT#RE 48 h, S8 )5 R HCI AL H#EAT A, Hih
W ARFL 55 mL, FlZ AR 2 s, IR E] B 30 s, 5045
FAAEAI 7 10, BB AR BGEA TR 7 L E AR,
AR e S B P il SMPS X2 1S IR it 47
KA A 3 RS 2RO BIE, SR
th BE SMPS R I Y5 24 10 ~ 1000 nm, i<
BRI 0.3 L/min, FRYCHHI ™ Az 1 <00 IS B 129
£, MUUINEE RS FHAR 2 AR A Inas AR
filr, WEGRAFDUAE Sl 7E IR A5 Tk B AR 2 AN HE 2 (]
IR 2ZE AT 5%,
1.2.4 m#FEEMES Vocs HAoME K oIHFE
FAE N BERABURL I8 2% R 1. 2.3 I SE5RT7 5,
Wk U8 38 S S B A TR T L E A
SRR E D R 4105 GC-MS B
Hor N2 B X6 72 11 A M0 S B Y VOCs 214317 8
el R e B SN E 53 (iR Reay (L RN EPO RS R e A
43, ANIE e OE Ot 2 B 3k B e I i
R ABZHIR NN LR O ARBRSE X VOCs B3Rl 2
G353 AT A — AL AL B A5 B35 B IE VOCs
XS R AR B | D38 7R 4% 20 2 M Y
RN EE N



W% AR, % I B e A M B R 0B R R A B - 69 -

1.2.5 |REREABRSHHESENE M4 1.2.3
AR SIZ 0 7, P IR 2 T o I SR R R it
@ =k A Nl e I L & ST RE S R
20 YR, RIS B A 7 1, ke S R ) 3 XU FL %
(1 20 SCNFE AR K75 B SRR I8 R 4 BB
SORLAH P rh B AOM 3 7R ) (GB/T
23355—2009) " 5 M R R S 1,28
B N S EERME R ETE ) (YC/T 243—
2008 ) 20 £ H- I AR AR 25 RO M,
1.3 HEALE
it SMPS R HBUZR k7 A2 S K0k 1 5 2 505
B FIH Origin 2022 4 %5 £ 8 25 47 ] 9L 4k 4k
AR N B R SO R AR A AT E T LA AR
E1| B W WA A ol o T/ TR 2 (iR W A
oA, 1 B kL 43 A & D50, 3 A F D50
5 A (5] 38 UL £ 0<% S 1 DSOS B {E
K Origin 2022 B {4 % VOCs B A X} & i 17
PR 2 A5 30 45 0 AR B VOCGs 4153 1 22 4k
FRAE B

2 RS0

2.1 BEXUFLET X B R S A B B B 4 0 53
2.1.1 BEXRILENRERAERSFHZm AR
i KALECE I A R o A Fe e an &) 3 i, |
 3a) AT, 2458 KAFLECH 30 FLAT, & DA RS
THU R APIRAT, FLB RSO ER 1 B0k
GRS i | o O] AR R AR Y B 113.4~181. 1 nm,

B8 LUK AR TG A 168. 5~181. 1 nm, W AHXT
FH 1 ANBREN B 2 0 LIRAE/NF 150 nm B9/
WORLN 2, B 2 B AR WX 0L 1 SRR A2

FBl A 209 ~279 nm, HEREE 1 FAN, & 080k B 16 (E
Rt 1k A s ] S AN T RAEAE
mi & 3b) a] 20, 3 K FL B K & 40 fLA, 2

%@&ﬁ@&%ﬁﬂ@@%%%zﬂﬂ%ﬁﬁo
558 KALECK 30 LA H , 225005 1SR I ok
WEAE SRS 1 ANEAL s B KA, (55 4 1 LS
2 IO i A B I A B 5 . R WL 5E XUAL B
SRR /NT 200 nm BYURL R R 22 580, X
A B SR R A 448 il R AL B — e R B 1 2 3 KOA
BRI ALAE A LR 5 30 I
IR SR B, Wl ULl 458 ARE 3 /N U K R
HE— 2P EE R RO [R] B 388 XU A 23 R AR
MR =2 i st A R PN 3 B 32 0 A e, e AR
W) ) S e U SR A T Y i s U SR AR 4
T, 2438 KRTE 60% A2 A7 B, MR 22 BE s SRR
FRA K G (077 A 23 T AR, A0 T T 5 SR AR Wk
HE—2B0 0 IR SRR IS . AN, AR
T30 £L,40 FLAAF T 5 2 > Bk 5 U X 7 14 JURE
RARTE BN, Jg 209 ~251 nm; [T, o T 0A ek
W R D SR B SR IR BRI, 33050 2 A Bk
BEE 22 F I
H1 18 3c) AT, @ XUFLECH 50 FLET, in#ts 4
SRR WU o3 AT, 326 1A B0 JE H
NTRIRR R I R Sy A v AR 1 A B0 0% 1

20¢ 201 2.0r
Tise ) Tist Tist
g 2 £ ——2 g
< 3 1 —a—3 <
€ T € | =i =
= 5 = -5 =
=R 5 S10r g S 1o
X 7 X -7 X
, 0.5 0.5
= Ey =
L N J 0 =
10 100 1000 10
Bife/mm Pif/mm
b)40fL ¢)504L

B3 KRl R ILHOE IR S IR R AR 5 A A AR

Fig. 3  Puff-by-puff aerosol particle size distribution characteristics of cigarettes with

different numbers of ventilation holes
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Fig. 4  Aerosol condensed phase parameters of HTPs with different numbers of ventilation holes
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Effects of the number of ventilation holes on the puff-by-puff particle size and

chemical component release of heated tobacco product aerosol

HU Anfu',JIN Yixiao',SUN Tong’,XIA Jun',XU Huifeng’, CHEN Linghong”, WANG Kaige® , JIANG Jian'
1. Technology Center ,China Tobacco Zhejiang Industrial Co.,Ltd., Hangzhou 310024, China;
2. College of Energy Engineering ,Zhejiang University , Hangzhou 310027 , China

Abstract ; [ Objective ] To clarify the effect of the number of ventilation holes on the physical parameters and
chemical component release of puff-by-puff aerosol from heated tobacco products ( HTPs ). [ Methods ]
Circumferentially heated cigarettes were used as the test samples. The ventilation rate was varied by adjusting the
number of ventilation holes, with three conditions of 30, 40, and 50 holes. A scanning mobility particle sizer
(SMPS) and gas chromatography-mass spectrometry ( GC-MS) were employed to determine the puff-by-puff aerosol
particle size distribution, D50, number concentration, and the contents of volatile organic compounds ( VOCs) ,
glycerol, and nicotine. [ Results ] Under different numbers of ventilation holes, all puff-by-puff aerosol particle size
distributions exhibited a bimodal pattern. As the hole number increased, the particle size peak, D50, and aerosol
number concentration all showed a trend of first decreasing and then increasing. The highest total aerosol number
concentration was observed at 50 holes, while the puff-by-puff release stability was better at 40 holes. The puff-by-
puff variation in VOC components was weakly correlated with aerosol number concentration, and the relative content
of organic components decreased as the hole number increased. The nicotine content was positively correlated with
the aerosol number concentration to some extent, whereas the glycerol content showed a weaker correlation with
number concentration but exhibited an overall trend of first increasing and then decreasing with increasing hole
number. [ Conclusion ] The number of ventilation holes significantly influences the puff-by-puff particle size
distribution, number concentration, and chemical component release of HTP aerosols, and a nonlinear relationship
exists between hole number and these aerosol release characteristics.

Key words : ventilation hole ;heated tobacco product ;aerosol ; particle size ;chemical composition
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