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TEMPO ¥ ¥ .1 mol/L NaOH ¥ 1 1 mol/L HCI
VA . B ST 3% T M AR LT K B IR T E T
=R, A 0. 01 mmol/g 0. 10 mmol/g
0. 50 mmol/g [) TEMPO ¥ ( LAZE T4 4t it it)
Wiy 4 P, 5 0 ok 2 B 30 min #MIN 3 mL
0.9 mmol/L NaClO ¥ , Jf:H HCl i F1 NaOH ¥
WS pH N 9~10, KW 2 h J5AiIA 10 mL Jo7K
LML AE R, 18 3] TEMPO A4k 27 4, vk ik & vh
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Table 1 The blending ratio of filter rod base paper

G AR/ %  BRIRDUE/% WK/ %
1 100 0 0
2 0 100 0
3 0 0 100
4 80 20 0
5 70 30 0
6 60 40 0
7 50 50 0
8 40 60 0
9 30 70 0
10 20 80 0
11 0 20 80
12 0 30 70
13 0 40 60
14 0 50 50
15 0 60 40
16 0 70 30
17 0 80 20

1.3.3 TEMPO &M AFER ST  RINLAHELS
SR TEMPO AL 41 4 B N5 B b A T 5 5
G3HT o MNACHT , FORNT 78535300, 2RHER 0. 05%
1.3.4 TEMPO S A EREERE SHREE
EBME  1)FT-IR 58, RAMGE LM
106 TEMPO S ALEF A AT LU AN G4, 9 D4k
JU R 4000~600 em™  FHHERECH 32 K, R
4 em™',

2)XRD 4387, AR TS 1) TEMPO A fL4F
YRSV RE DI 2 b R 2 i X SHEAT S
BEAT G, FAHGEER N 10 ©/min, B (20) F3
TRy 5°~60°, 275 SCHR[ 20 | 19 7 R T AR X 45
A

3)SEM 437, 2R TH: 5 i) TEMPO %A fb4F
HERENGZE S I b, WS4 5 B TR R SR A
BRI R A B B USRI SRS

HRFESEME, ¥ 0.1 g e TFMNET
50 mL B oKk g 0 BRE TR R EOS AL A
0.1 mol/L HCI ¥ V& 1 5 2 Bl iy 1 3 2K 2 500 ~
600 pS/cm,#RJ5 1 0. 01 mol/L NaOH A3 fE ¥ K 1
T2 (CBRYE I 100 pL) 2l e th4 i eE R
HEm,
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BHAC LE AU AL S8, 76 b b i vl A 7= Ze itk A7 )
REVEDERE ARl &5, BAA T Z S8 E T,
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B m(BEFREF4E) = 8« 2; 4T N (25+2) °SR;
R BE (1. 0£0. 1) % ; B i E 5 (45+2) ¢/m*; TR
itk (8+1) g/m” ;4 UIALAS 150 mm, [FIES, DIRIR
A7 it R Xof R
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RUBLKE DR DE AR S 4R i BB | 52 2% 1k b A
A MDA P A R AR o 22 3 e 1 [ DR
WL BH B P 2 45 b (1818 (24 £0.20) mm B <
0. 40 mm A& =82. 0% MW FH (310£30) mm H,0),
FERFIZUEHE L] T8 R SR AT 0 o3 A SRR
PEMr . E AR F T B A 0 R B YC/T
377—2010'%' | YC/T 255—2008"*' | YC/T 254—
2008 GB/T 23356—2009'*'  YC/T 253—2008"*"
1 GB/T 23228—2008"* HEATIN %E , & BB PEHr
i AR R B R o] B PPN ) (YC/T 138—
1998) "1 ARy
1.4 HIERQESSH

T8 Bl Excel 2019 X T 5 55 45 25 477 6 Fn sk 2
Wit Omnic 9.2 #E47 FT-IR & 1% 43 47, # JH] MDI
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KEEHRK 2P e gl B 0 B F T Y T
o, AR B S R 5 IS A R
FERB SR T R, 276 % B 45 TG bR
FEER, 0 IR g 2 1 Rl X i B Rk 1 S i,
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Table 2 Impact of beating on physical properties of cigarette filter base paper
poRey éﬁ““j‘* A FTREE/ WA\ETE_/] iﬁ/‘j\_&;{‘/ | FIE/ ?Tfﬂ?&*‘éi’_&]/ fﬂ?ﬁ?ﬁ?‘éiﬁ/
T/ % Y% °SR (em” + g7 )  (pm-Pa” -s7) mN (Nem-g) (Nem-g)
1 100 0 15 2.27 98 1260 15. 830 3.523
2 100 0 25 2. 11 95 1330 19. 691 4.542
3 100 0 35 1.82 90 1520 20. 829 4.633
4 100 0 45 1.75 88 1708 23.502 4.978
5 0 100 20 2.31 100 1122 11. 167 2. 851
6 0 100 30 2.22 99 1245 11. 829 3.030
7 0 100 40 2.01 97 1298 13. 673 3.304
Fi, JEXS 17 2H kR IR AR BT ) R 1 W BEAE b AT F 3 RARJRURAS Y R A A 2R AR AR 09 v

MR, 25 SR L 3, H1 28 3 AT, A oA F 4 Table 3  The influence of raw material of filter rod
7 70% ~80% , I R 41 4k FH 5 20% ~ 30% , & ¥ i on physical properties
ORI AT 3.0 e/ UK 100 o/ (Pa - ), 4 () T gl TIPSR SR
FHE <500 mN, FHUIA BT 3 N - m/g. WEHE ) PaesH) oN e §")
JELAR 14 25 Z00 ) B A6 AR JE A A 5 A2 B P R Y 1Y 22 21 9 1330 19.691 4.542
SR AT R T R (= 86%) (I JE (<
0.32 mm) S5 PEREEESR , SR T U8 A 114 W BELATS 4R i =i

2.58 100 1096 16. 000 4.333
3.03 100 433 8.178 1. 867

© 0 NN A W N —
w
IS
o0

(>400 mmH,0) , 13X J& K Ay 8 4 4K 08 558 3 48 ik 100 322 7.333 1.711
3.75 100 309 6. 689 1.244
e IS W Ttk 4R T

SRER, 5 TR FG , R L5 9 — 20 R T R 0 3 88 100 236 . 0 6
PERE, 4.21 100 218 3.000 0. 556

2.3 HEYFHRE TEMPO M9 - - - - -

Y NS N '~ ]0 - - — - —
ARSI R FH T R £F 4k H = 80% . it ik 21 4 ] & 12 3.16 100 422 6. 206 0.917
20%%@%\&?%@2&0 %Fﬁdﬁi‘i‘ﬁffﬂliﬁlﬁﬁﬂﬁﬁk 13 3.30 100 311 5.428 0.717
14 3.70 100 295 3. 806 0. 367

/7 ) Q‘é-‘» e i r=rly Ny P <Y “‘

K, DA Jm S e A T AR B 0 A Y A i 2% D e 1 D 5 389 100 284 5 061 0.283

PRI H47 B i B et o am B 2 R, SR 6 — — — — —

TEMPO &AL 14 7 20 £ 4 26 i pEA T ek bE AL B, AR 17— — — _ _
R AR B IR 0 45 T b, R A e PR,

RELAS E PR 2K, & TEMPO HIi 3 fin, C = O ¥k gl i o I b 3%
2.3.1 FHMEERREASHERML K 15 TEMPO & 38 4 TEMPO HI&H 0. 10 mmol/g Ji , IR J A
TREFHE2E b R B o AL IR, B 1a) W, R RSk 2 4 T A AL 07 3 B A 4R

6] TEMPO FH] ek Ak B 2T 4 f) 455 i W S e B A 7 [+] il 1b) AT, TEMPO S AR5 21 404 it 11T
— I, KU TEMPO SFALLF AR 45t S B I A — 3, 76 20 J 15.6° (110 S ) A1
BEtE, HOP L3330 em AR MOVRUCIE VTR ST AR Y T 22,50 (002 AT ) bty BT R O A A 0, A
H—OH MR IR BIIE, 2870 cm™ AbAYIR IS )E 34, 4°(400 Fhif ) 4b H BT 305 B9 A 5 g, Sy i
C—H 4R 3h 16, 1630 em™ AL MW IR R, MOLTLER 1AL SR SEH . 4 AR 1 25 0 B 22 1)
M RIREERERIN C = 0 JR3hIE 1030 em™ HJE  AAAEMRASL, 3R TEMPO SF AL AL BE A AR 25
AR TFHRBE AR LRI, SR TEMPO SO JEURI I AR 25 0 | 5 1 — B 4 1Y [ F 9t 45 1
SEALLFLETE 1630 om™ AR RILIEIRFAEZE S B B,
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Fig. 1
H & 1) fil d) o] 51, 83 TEMPO AbBRJS | 25 4
IFRFE A 0. 113 mmol/g HEHNF] 0. 221 mmol/g,
REISET G RN S, 5 FT-IR 445 %
B3, T E AN FEAR SE R
2.3.2 TEMPO EftHAHERERERSHT K2 N
TEMPO S L4 4k SEM &, & 2 mT %0, F koK
LRUEFRIA Y 5T AL, R AR A P BCFL 4
TEMPO i) £F 4k 4 i A — 2 s>, 24
TEMPO F4+4 0. 01 mmol/g I, £ 45 T ) BRI
EEMIL, R RN TEMPO A Ak XT £ 2
RIS A IR, X A 582 B T TEMPO 4+ &
SRIFh 5 2T Ak 3 101 10 35 1A 2 A S 0 HL 2 o e e
1%, AR LAB R RIZLATE S AR 4L ; B TEMPO F &t
HEINE] 0. 10 mmol/g, £F 4 1t 7 22 7 (L 12 i W 3%
B, SR TR RAR R YRR

The effect of TEMPO-mediated oxidation on fiber structure and carboxyl content

[EA, TEMPO FH & % £F 4 i 1< 5 Fn i B 4
S, FE TEMPO JH & (0939 A0, 2F 2 96 5w
A B, KR A N X R B — Oy T R
TEMPO Xt £F 4 i) W8 i 15 155 55 — O i, 76 |
it A o i e AR ML R S RS Y O SRR
T2 T RR B 1 0, 25 = b vk i (o LR R iR
JFE) BET, TR B A 2% 7F — i AR E b AR I OB i 4R
HIFAJEBE . TEMPO 25 38 o i 45 2F 48 R 1P &
TG REAE & T 7 IR AR I 4R 00 Py BV B
2.3.3 TEMPO AEMISERRIEEMTEM K4 N
TEMPO FIit XU R ACHERRIEM . FH3R 4 AT, &8
TEMPO 44k J5 , B A 27 2 18 BEAL 45 B8 244 9 G
T, 4 TEMPO FH& M 0. 01 mmol/g A}, THi 5k
B S T 33, 12%, [BHUIRIE R = T 64. 68%),
FATEERE 325 SR8 W A5 AR, 3X 15 &1 4 R T 25 0 M
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¢)0.10 mol/g
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¥

d)0.50 mol/g

B2 TEMPO &AL 4Eey SEM A
Fig. 2 The morphology and SEM image of TEMPO-mediated oxidation of softwood fibers

BB R —3, TEMPO %k 2F 4 & 11 5
e R AR 7R RSk B B v R 5 AT 4
M AYIE S Y R B, AT 2 2 4R T 1 4R 4 Y
MR PERE , X 5 4T 4 R 1 E A M KOR Bk ) AR
Pl R — 2, B S XRS5 T A5 RARSE
2.4 1EY LT 4ETh RE T B 1 BE R H X 45 1 =k
(SRR aEA

5 NAIREREY PR RIS R, thk 5 "]
0 R R R R SR REX AT S Al DR AR A 7 bR
e SILGEARE LT IR AR L AT AE D RETE DEAE 1Y
IR IR 22 AN K AR IR A/ R VR AT O£ 4 s e i
AAR S5 2280 ( Coefficient of Variation, CV) BJ 1 WEH CV
BER (2 20%) X AT e e FH AP 4R8I R AR A HE LA ey
TE HARE IREE U AR S S R R A

%6 NAFIEBR MR E MR, hiken
N, SRS LT U8 R A L, R 2T 4 1Y) ) e
IR VRS 3 BEAR T 2 ~4 43, PRk A 1
FYIEFAE D RE TR UE B B B B T 15350 82,7 40 (B¢
KT 29 2.4%) ; SRR LT JEDEREMT L, R AT IR
TG BRI E PN 2.6 20 - TF EERIAERS
SRR AR S5 T, B/ PR AR A RO > 1 4 S
WEMMERE RS, £ 7 WARFRIEREEMN ERNIH
ERSBICE, RER T I A AT e v
AR S F R B A R AR,
HCON BRI T 29 23% , B R 27 4 D e
TR AR TN A T B R A 25 R K, 2R
TEIEFAED R DA X AR A 35 B (T8 R R O
WORTESR NG ET K DIREME AN AL TR S

% 4 TEMPO A&t iE# R4 69 o

Table 4 Influence of TEMPO-mediated oxidation on properties of raw papers
TEMPO/ FHikFas IE AR < (< VA FEKE/ AR RE/ BRI/

(mmol - g™") (N-m-g™") (N-m-g") mN (em® - g™") (pm - Pa™' -+ s™")

0 8. 157 1. 866 449 3.02 100

0.01 10. 859 3.073 560 2.88 93

0.10 13.724 5.331 711 2.70 85

0.50 13. 813 5.428 723 2. 68 84

A5 RREAES RN XL
Table 5 The results of physical properties for cigarette filter rods
FE & 28 R BE/mm B CV/% [RE/mm BECV/% EE/% BECV/% WH/mmH,0 WREH CV/%

Ll BS LT IERE 23.75 0.36 0.32 14. 56 86.9 0.85 285 3.56
*E%éfé’%%%;ioﬁﬁ% 23.83 0.58 0. 36 20. 65 86.7 4.15 307 17.75
*E%é?(ﬁiéj%g%‘@dﬁﬁg 24. 14 0. 87 0. 39 22.42 87.2 5.87 331 20. 98
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Table 6 Sensory evaluation results of cigarettes N
FE b 24 R e A PrR A=A Pk FNUS By
Al £ g 5 28.5 5.5 13.9 15.2 16.6 84.7
THYIET AE T REVE R (CRIURAR) 5 27.8 4.8 13.1 13.9 15.5 80. 1
FEY A7 HE T REPE g () 5 29. 1 4.5 12.8 14. 8 16.5 82.7
AT REESEEEEZAIBEA ERSGEALE
Table 7 Release of harmful components from mainstream flue gas
BE ATk ERiE,  EMBRE, BEBERRE,  Co BltE/ HCN Bt/ NNK B/
i (pg- X" (pg- ) (ng- XY (mg - 37" (ng- XY (ng- 327"
alifi 41 e i 6.71 19.51 22.72 12. 11 115.78 6.56
TP AT YE T RE T A
(KA 6.52 18.42 21.83 11.98 89.23 6.01
T YE D RE v A
R 6.55 18.45 21. 81 11. 88 89. 10 6.03
3 45
SEHK.

A5 3 2 JE 4GRS 5 R 4R L 43 B TEMPO
O 2T 2 % e S AR B s ), ol 5 T — P T
TEMPO & (L4 4k () D REVESERE | T4 HN F T8 B
WS AT VMY, 45t DU 458 R 80% %t K
4 (TEMPO Fif 0. 01 mmol/g) 5 20% B R 4T 4 (1)
HARZR TEFTHRIE (2522) °SR BIIEAL 5 14F , JR 4t
PAJEEE 2. 88 em’/g iESE 93 wm/(Pa - s) JBHLTK
F6%03.073 N - m/g, THiok4E% 10.859 N - m/g,
FHRE 560 mN, Horf, 5K 4 TEMPO AL 5 404
o IBPUIKAE R T 64. 68% , TN #A 5 FiE lids < JiE
W A7 RT3 5 41 4 36 T 445 48 R R 3 B i AR Ak
— 0, I Y £ Y D) e M DR R A5 TR AR YA A
A R A0l 8 s 7 (I ] (24+0.20) mm [ i <
0.40 mm fifi & =82. 0% A H (310+30) mmH,0) , 73
H°A 24. 14 mm . 0.39 mm . 87.2% 1 331 mmH, 0,
3BT R TP 45 SR 3 WU A I AR ) 2 4 )
BB T U o A 235 0 it 2 08 P A MR R DA 43 A
ZEARK AH TR SA F AT B YA AR,
ASTIF G il 25 1 Ty B 14 6 e Ry 25 MR A7l 4 4 T — ol
ALl A A 7= By g o B A 52, HAIR Al | 7T A P
i B RRTE AT B AT RR S R RN, A R A Sl AT
My R BB T R A R B 2k T]
RN T Al 2F 4 ok DE A R, B R

5 B
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Research on functional filter rod based on TEMPO oxidized fiber

CHE Jing"*” LI Xinxin>’,LI Zan>’ ,HAN Lei*”’, LEI Shanshan',
JIANG Jungang' ,ZHANG Yifan' , WANG Lei'
1. Hubei Provincial Key Laboratory of Green Materials for Light Industry , Hubei University of Technology , Wuhan 430068, China;
2. China Tobacco Hubei Industrial Co.,Lid., Wuhan 430040, China
3. China Tobacco Hubei Industrial of Cigarette Material Co.,Lid., Wuhan 430050, China

Abstract; Based on the traditional papermaking process for reconstituted tobacco, combined with 2,2, 6, 6-
tetramethylpiperidine-1-oxide free radical ( TEMPO )-mediated fiber oxidation modification technology, functional
filter rods made from green and low-carbon plant fibers were prepared and applied to conventional cigarettes for

sensory evaluation studies. The results showed that the optimal conditions for preparing the plant fiber-based
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functional filter rods were as follows: a mass ratio of softwood fiber to acetate fiber of 8:2, a TEMPO dosage of
0.01 mmol/g, and a beating degree of (25+2) °SR. Under these conditions, the base paper of the filter rod had
a basis weight of 45 g/m”, a bulk of 2. 88 ¢cm’/g, an air permeability of 93 pm/(Pa - s), and a wet tensile index
of 3.073 N - m/g. The coated plant fiber-based functional filter rod cigarettes exhibited a circumference,
roundness, hardness, and pressure drop of approximately 24. 14 mm, 0.39 mm, 87.2%, and 331 mm H,0,
respectively, all meeting the filter rod standards of cigarette enterprises ( circumference: (24 £0.20) mm,
roundness: < 0.40 mm, hardness: = 82.0%, and pressure drop: (310+30) mm H,0). Compared with
traditional pure acetate filter rods, the total sensory evaluation score of cigarettes with coated plant fiber-based
functional filter rods showed little difference, decreasing by only 2 points, while the release of harmful components
in the mainstream smoke was significantly reduced. Therefore, the performance of the plant fiber-based functional
filter rods prepared in this study can meet the standard requirements, which opens up a new avenue for the
development of green, low-carbon, biodegradable, and flavor-enhanced cigarette filter rods.

Key words : functional filter stick ; TEMPO modification ; physical indicator;smoke indicator;sensory evaluation
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