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Fig.1 Cross section of five brands of cigarette filters
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Fig.2 Effect of adding coal based activated carbon to filter tip on
penetration efficiency of volatile harmful substances in
mainstream cigarette smoke

22 BEE

R 22 38 A7 7R T 45 RS ) — v 1 4
), HREEIRAE, @% N nmol B¢ pmol K/KF,
HARZHAREMHERET 1 us, HEHFRERRN
WEMERY R 5 i R R AN R R AR
e AL LA K. DNA S S5 2e v, Hh | i

LA E AR BN N5V 22 IR A S A7 7E %
G, QdesiE s oL I/ LA RN Bt 420,

2000 4, FREHFEATILLE “FAREMRES A #
BT BIEARRIFL” T H PR R R T —HE RS A
SAEEREHEA, @ik 1.5%0) SRM N
NI S 7)) s £ P R G DR 1) 7 A P AR
HHAE(RAE Y 5 mg R, P FEAK 41.2% 0=
SAH B BB SCE .

sk RAECTEET J I B R E, R
T EFEREIEIR (ESR) yEXF 9 P 14 2k JrE W 45 0 (1)
RIARASAH B BT RI . 45 BoR, MR IEA
— JE R PR IR SRR O 1 B BRI, HLVE M oxT
A EH R R R B B KRR B SRR
BRI . T Dey Z5PH1 Goel Z5RIHIF 7t 45 B gk 26
FRR T 4E RA I . Dey 2EP0F 50 R BL, EE. ENFE.
DT ER 16 AN EE W ERESS &6 —
SERIXT IR E e (100~200 pg/37), (HLEJEME
HAR TG PR (150 mg/32) ATk 73%~80% (1A it
o Goel R EPR 7T 13 PR o0 300 =ORIAH
A H AR PRIEA, 458 87R, 1£1SO 1 CI
AR AR, A BT R, TSR RSO B E 2 A R
I3 HN 41% (P=0.07) A1 47% (P<0.01), HidilH8hn
TR RN E (25~300 mg/37) AERA AR TFXF A
HHEERERE (41%~88%), {EHHH ) bR A X
BN (6%~33%), RKIH—EMEFEME, HXHh%
(1) ORI TPM. G BH S 5, AELXPREAE ) ER 228 1) PR 2K
AN, FRIEN 25%~27% (P=0.06~0.22) ',

Zr b, SEHERAE AR B B R A RO
FEARPERE, JUHXT AT B B BRSO S . %2
TR, MR SEANERER R, ST
FLIRI SR A R R L PE BB 85 R A2 e T G, Xl
Re 5 HRHMINEAFRA R BT B h R R
WEPE, JRAL. SRR TEZR H B B o HE R BA I 4y
BT 7574 DA S AH 9% B 5K B0 T B AR A F R AT 9
23 EHEBHERSY

R SAF R EEAY) . HCNL CO. 2K, 2R
LI ZKIy . DARARIE R AR RO IR 57 )R AR B R A
TSt B — e MR RE 7T, IR R AL 5 5 )
B F-R0vh i YRR IR FLIE S50 . DEME S5 M DL K
WA QS B I AH K

TEAT R0 A R AE S RLAH F AT 1 2 S 2 %
T TR W P B RS2 J7 THT, Hearn Z8™EET-3E[H 1



TetEs  ZARMEHES RIS IR S R E

107

BB, ST T T TR R I M S AR A T AR
(PAHs). ®y2% (Phenols) FIMHEREA N-ViH %
(TSNAs) FHsgma, K& R KD = PAHs
HA GBS, B S T RPN PAHs W)
BSOS AN B S, T X P AR SID i e P e P 5 L A A 2
FAr~ BEME LS A BT AR R AR A A —E R R,
F BRI AR R A R B TR, T
TG PR R ASORT SAH HH 4 25 1 A W B 34

TE V5 11 IR LB 5 60508 A5 5 B 23R B 82 1) s i
i, Branton %5USVGF5EE ok, ASE @ 0T
(Dalmatian style fll Plug style) 32 R ~F AT N
(ISO F1 HCD %55, AR I8R5
L) FEMBSEIETERG 2 5. Zhang Z5CVLLE RRAR 25 4R
K, 22 KOH sl i 4 H & bR AR 2 FLR ML,
R TR R FLER 20 2079 mi/g A1 79%, H K
WOk IR R B, N 2 A& JEHE (66 mg/
) AIREAR 29.8% 7KW . 18.5%HCN. 21.6%7%
FFEEH 8.8%CO MR JHE , £E Wl A SR AH 4 35
TR 12% 4 A, R — T I B R R
BEAh, BRESEUSRIE TSR B, TP B A R A
I FIZK R I R 54 & ST FLA G, TR
EWEN (0~60 mg/30), IEFTFLEMM RN &
N 45 mg/, TIRRRZ 20% M BB 32%IK)F 1K
TS 60%M IR ATILE A RS INE A 60 mg/
5 MRS P REME 2 AN 8% 42%FH 62%; 18 K I,
TESEE0 26 NI R EE T TC B R B, Z&5 s
FEYLEEI AT S — 3. Polzin FEPXTLL T 5 R
TR SRR A 22 RV SURIE R MR LY
FEIBOKT: B A e P VS o 2080 SR o e A ¢ P2 ) 38
T B#AEG, 1SO. Massachusetts A1 HC 558 B#ilE 43 71 4
67.4% 41.9%K1 24.0%.
24 REITN

G A S d PR S A R BRI
BEARTH 2o B R AT, SRR S A 5 A BRI
e BTSSR KA AR . Ak, B
BE XIS R A MRIEAT T 30 A% I PR PP A SE 58

Rees ZEPHET T E MG (UltraSmooth), 5%
TS ARSI T B A R A A (48 ) K
B 2 B2 /KPS A . B R EIR, RS TR B W
Jei o WS BIRAT R A T AR, A TR B
HAFTEAMERR LG, (H3ETF CO FIMER AT & 721
B G | T TN e e L =K (39 = e 1 1 B o

X J. Scherer & iE S )R 5258 (1 i+ FED
RI, AEAAAEE AT ERORE O RT3 R, a0 ok
BT ARV 2 PR A E AU (R, B
WL 13T A AR EYIKE, HEXHEA
H 5 PRI ARIFEATIEAY . Laugsen S8 ELAFFT 7 Mild
Seven /il (FiEMER ) A Holiday Extra i 45 HH A
AT, RBUSE AR R R A TP R RO
FITREAR, 435 14%~17%F1 26%~37%, [FliS HCN
AT E, B L, FETIFR RGO MLE RS
FHOR F2 B il S L IR T R RN R 225 2 B /KT
(Reference exposure level for minimum toxic effect),
TR AR A T L BRI fe A 3 B IR L A T
fiti, W FEN IR O ML - PIR R G FRIRE I R A1

5 FR RS, Sarkar SEPE [FSE AR 4%
PRI BT T SARATRLAR A U XS KT, 45 2R s,
B RETE R GG, T (8 d) UMM
EEPIRR B R K- 2 FEAIG (>70%, P<0.001),
FERR SAUHAME Y, HE KPR (24 D g
H—E (P<0.001), {EIEMERIEAIME AR ED)
(RS 7K SR /N o Aufderheide Z5P45R F AR T
FFFOF TR IS 75 K3RAF M0 EHMH <
XFNSCRE B AT B RN (4 3B B 5 d,
HE 8 YO, 4R, EEREE T AN CE B
B AN SR B A RIS AR /N, X e iR (b 22 bt
JE PR VR AT LIS A

ZE BRI, SIS T AR e 15 1 B P A R0
AR P B RS ACEATIAFAE S+ FE T AR AR )
AW FC S M0 R I TS5 R — 3 EIFA—E AR
-3 Y N 0] (A 2 D ey P 3= 4
PR T SR vt AR S DA SR IRAT 0
FAMEAF RGIRNT T

3 EERIPREGE

3.1 fLEE

TS T R B R IR R I AR 2 B B R A
B FUAR 5 W 237 RO UL DA S R A R 2R T RE R4
JAEI i /B2 /4 P R e 2 A e e 0 (B2 E P B
IR S R AT H A PR AT R AR A AL, 2
T B2 el 5 A X R r A 5 S o VB R e o ) 3 35
Yo HATHI S B 2A e m oo R AWl
SE A S NAE R I ) N . RIS HREN .



108

H EHH F 224 Acta Tabacaria Sinica 2023 Vol.29 No.3

3.1 iEMRERME A
TEPER R M R AR AR R B R A O L,
I SHEAAE HCL. Hy0, A1 HNO; %5, Kim 255 A
2 mol/L [ HNO; AbHRVEPER , BE KPR JE7Em M kL&
S NI fER] (-COOH), ki @ik X< o A
FE AL AR B, BEIEL) 17%. R iUEE S5 50 R B
EHERARRYE (HCD 8t (H,0, 1 HNO3),
FLB T O, [T S FR & s 1~2 MIES, "
A7 IR X R SR R S TR B B T, I G AR
K EY RN, MHEET HCL. HyO,. NaOH FIA
i, HINO; oS0 [ P e 5o R Al AR 5 i P4 R B ) e
g, BRI B H X R 2.76% . 7.63% 3 F1 11.02%-
9.95%, {H[FII-WI8 55 7 IR ERMESH 5 PR
VOCs (13- T =8 R, R, K. B
IR P . AT L, TS PR R R T 5 N B PE B RE Y
REE I A0 A F BT 737 RS D IE RO RS 2 (1)
MER, HA R REE.
3.1.2 MR

Peter 52153 LA S FR A & — e R BIR & Ty I
AP B EETER, SREN 1%~2%, I
EPER I T A A S B R ], AN I3 MR
M (60 mg/3C) ] I 2 Y BRI AS H FH EE FRTJEBR AR,
R H BN B SR R W PR FH AN ER AR, T [R5 2%
T EEE T BRI BS TS M iE (CR20) JEFREE 2K
RN LG R m, E M E R TR S MR A 8%
MERERIMASE. B, A fih A M DL AL Ak 2430
BERREVIMG. w0, S E eI N T

60

@)
A =
()
50 =
= 40
B &)
& S 2
30 — =
i @) o)
o < =]
EZ &) > X
sy 20 < e
_ S 2
10+ © 3 s
S .
0. © . , TR
PR AR

XoF RS HR 8 R T B A 1 R
3.1.3  IEMEIR G )8 TR AU

Dai Z5PSSR H £ JuBRE b R A 15 M e e i ik b
Cw,0, NG AT RS MM S H L) 14%0) HCN
P . Cao ZEWWIT S N, B IR IS gt
174 )8 (CuO. ALO; Ml ZnO) ik BE s B (2 eat ik A1
B AR IR B e RE . M & B AEREN 1%
URESED B, ZnO UM R S RO el A
bU B — 4 J ot X4 i SO A P [ U B R 2
A 47128 ZnO FT ALyOs W] KR 3G AN 1 e 5o A e F
W PERER . BhAh, BETCRIRN, T PERAEBERE T TR
Iz B 2 B 4 A 3 B0 R B AR OO
3), M Zn-Al WE B MEREN 1%0], KiEtor B E T
K R 2 A4 B AT BSOS %o O I i ) O B 2293 31l
20%A01 229%™, FESEARTE AT, TR E
FEARTIE IR, AR R B o 2 i T I
A TR, T DGR B ARG T A R o P i
IR B e 0 A B RAE R F SR AR R B % T
Pd-Cu SEANIE R ATRL, BEFRR, ASF ERHERS
PEIR (BB5ER KRR HIETER) MRS AE
RelAl i fr & BT Rm A, A guE R
E i Pd %8 P T, BT AT CO AL Sk 1
TR EN 3.4% (FEDED HIHBIEE R ] 255545 W
TS 25.4% 1) CO B, AT, &J@uER i
B BRAL T IRAEES AR OEAE R CO R B B
Al

40 4

o]
3IMC

35
30

IMC

25

AC

20
15

TV 25 B 2/%

SMC

10
5

Control
10MC

0 | i
T 5 RE

e A TEWRBE TERRAA)S, B: WEHREBE TRBRAHN: AC: WHIEMR: IMC: R Zn-Al W& B SUERE R, H ALO; ¥ fidk

BN 1% TESED, HERE,

& 3 RIEMR R E SRR IR A S o I BR A IR R R

Fig.3 Adsorption effect of adding activated carbon and its metal modifier on nitrosamine in mainstream flue gas
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Approaches for the design of reduced toxicant emission
Research status and prospects of porous carbon materials in the field of cigarettes
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Abstract: This paper reviews the ways of adding porous carbon materials to cigarettes, investigates their harm reduction effects on
cigarettes, the modification of carbon materials, the development of new carbon materials and their prospects in the domestic tobacco
industry. The results showed that: 1) For the applications of activated carbon in cigarettes, the addition to the body of the filter and the
preparation of carbon paper (such as carbon-containing shaped paper) are the major contents, especially the former; 2) The use of
conventional activated carbon in cigarette filters is mainly to reduce the release amount of harmful components (mainly carbonyl
compounds and free radicals,) in the gas phase of mainstream flue gas. After modification, harmful components such as nitrogen oxide,
CO, can be eliminated as well; 3) Compared with conventional activated carbon and its derivatives, novel carbon materials such as carbon
nanotubes has a stronger adsorption effect on nicotine and tar; 4) Whether charcoal filter cigarettes can reduce the risk level of consumers
under real smoking conditions is still controversial. The development of conventional cigarettes with ultra-low harmful compound
deliveries based on harm-reduction technologies will be an important direction for the future development of the tobacco industry.
Keywords: porous carbon material; carbon material; cigarette; harmful components
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