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L RE SBA-15/ BEBME S M AR RESRBESTHELS

FE, A, AR, X4F', INFE, KE',
BHE, ZER, Hi4w', T8, HiExE

1 rd A T BR 5T AE A ml H AR ey, K T PR AR #4725 4500003
2 v [ R R N TN BT TR, AN T S XS 25 450001

B OE. OIEFVERRE N T RUR T HON B R, RH 3- "5 = LA e (APTS) X SBA-15 /v 4L7> 1 BEAT i )
REALMEM, Jf 15 REEAE S B 211 T e b SBA-15/ REFAE A kL. FIRIE R UM MIBE M . AR s, ME IS T B
APRHLE K RIS AR VEHEAT AL, JFRAPRRAIN T 6 U8 b 25 22 &I HON PhRE. 45 REW]:. D% APTS 21
SBA-15 MM R FFA A fLALIES K, H5 REEIE & )5 A RER A A s 4R 2 FLE5 ;. @A MRHE 200 CULN A
RUFFE T @B ITET)REAL SBA-15/ SEBFINE & M KLLL 20 mg/ ST & — e 2 AR B H T B 05, B =m0 <k
HCN B FEAI 29.6%, TR IR E TR B/N, BREE NS (D TR 0.2, RUIFTHI &R S HON A

BB A 1 I A 1 R

KB GHET TS, BRI BbkDhRete; 770 / R SRR
SIRAN: #HEMH, ey, AN, 55 BEDIEE SBA-15/ BAKIL & AR RS A S EM A (0], T ERE A, 2016,22

(6

B S EBUF . ARSI AT “ IR 5 fek
FE” W H S A, SRS I F R B
. BALE (HCN) &
KA A MR SR Sy 4 B 2 [E IR B R v R
i aERy 2 — Y BT, BT ERER T
SN T T 285 R HGE 43 i LA > A R
24, EBRAEFRENE IR R P S i
M EAIEILES . KRR A. B
UF e R AL R e M RE, AR, R DR
T4y T 0 Je L Th B AL AL BE GRS A 55 B2 R 1
M, B&E o EERE XM AR OfF RS
¥ o370 BLFHAE TR PR 5 00 88 0 Al B AR e 2 1
S, AT TR S L AR T B 2
TR B RSy, a0k R A TN R A T
Wik E R AR L, H T RIS E RS A
FHEAMEGE; FHRSE YR HSM Y 85 1
BRSSO R BRRR DS 12 W 28R AR
RUREA WA RG: 1E 2 FiSE Y R NaY il ZSM-5 25
53 T 0 PR S IR R A T s PN & 1O

A FLor 70 MCM-41 BEAT T 5P F ik 3 4 )8 2 7 W
Ih B A B i SR PR AR A MR AR SR i HONG phglss:
W & HE T AL I MCM-48 1 AW B 7100 N 26 K 3 98
W, T RS 3 WSk HON A g 25 U2
[ ThREAL A FL — F AL REA B (MCM-41-NH,) ¥
0T 5 A T B HCN. (B2 107 K H oh ae ik
PR BR B A A D, BB R N7 F i bR
Ny ARG SEBL TSI . SREEN DAL R 4T ) 2 1 R
s YR TR, nHE s 28 . N Tl
R R N 1| - S SR o B o0t 1R e B =i
(APTS/SBA-15) / KB E G kL, BIEM DT
07 (7 b8 ) A, A A 0 3 AR A HON B

=)

1 #REFE

L1 ## KK 50ES
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Organics) ; £FF (AR, HEEEZ Bl 70 A TR
NFED ; EEEHL (PES)  (GF3000, Solvay) ; 1- H
B 2- Mg BEER (ordrat, bR gk R IR A
A]D; ST (AR, REET RN KAk 226G & )
AOK T HREM (AR, REETHEAR K IER AL R
F) s ®IAER (ACROS New Jersey, USA) ;5 1,3-
T HREEZER (ACROS New Jersey, USA) ; Ffb
B (50mg/L, FETFEREAFF TR ; BISBIEN (£
Supelco AF]) .

ASAP2000 4 [H 3l bt 2 i F3F FL B 23 A 4 (38
Micromertics 2~ @) ) ; #EH 70 B4 (€ [H TA X
# A A, TGA1-0346) ; #4[E VARIO-EL IIT & (1) 7t
oA ST B s (JSM-7500F, JEOL 2
A 5 SM450 EZWANL (JE[E Cerulean AF]) ;
DZF 6020 H. 2 T4 ( LR Z B & HRA
AlD s AA3 AU I%E 4L 3 4 Bt i (BRAN+LUEBBE
A F) s SODIMAX 4 I fig 5 & Wl ik & (SODIM
Instrumentation A 7] ) 5 & MHI I0 77 P BEALHL A 2
E [15-16]O
1.2 WEINEE(L SBA-15/ BREANE SR &
1.2.1 SBA-15 4 T [ & ik

IR Ao U A Ok, BLP123 SRR 7,
TEOS NEEYR, TERRR/KIGAE T AR B D R
¥ 2gPI23 T 15 mL X EFKF, ZEHE. %
VEME, N 60 mL ERRIER (2 mol/L) #ii#t 1 he
S N 4.25 ¢ TEOS, 1E 37 C/KGH i+ 24 h )5,
W HAE N 200 mL 5 VU5 245 P A FANER A0 S B 28 7Y
H A JI5A40, 100 Cdifl 24 h, BUH RS G AH
g, YAk e, 1880 GaaitE SBA-15 4> T
1.2.2 BT RE1L SBA-15 [ &

Bl T Re At SBA-15 (1] 25 Z M SCHR (18]« HL 10
g W 1 J5 ) SBA-15 F1— 52 ] APTS A 2] 100 mL
TooK SBEE W, B2, T 70 C R 3-6 h,
g, ek, 60 CHEA TR 48 h, 13 B 6 M TRtk
) APTS/SBA-15 # K)o AR G ook 14 22 (41 D) i A4 1k
7 APTS [ FH &, % 7l 4 1 mL/(g SBA-15). 2 mL/
(g SBA-15). 4 mL/(g SBA-15), #|& M ="FEM S
4% %l 9 a-APTS/SBA-15. b-APTS/SBA-15. ¢-APTS/
SBA-15.

1.2.3 BT REAL 10 / SEBEONSE A B RE ) i) 25

SR 2= @ N2 [ kA T ) R
HRE. BRE— 2 IR BN (PES) JIAF] 1- H3E
2- MEME Bl (NMP) o, $itFEfd PES 5e & infd,
¥ — € B APTS/SBA-15 ¥ AR 4 18 i A\ 235

P FE 12 b Af 57 i ORI &) B oy BB W . il &
WFHREWAAEER TR 6 h, LABRERFE
AP AEERGR PR, REBEY 2 W&,
gite, H&MESMETEINEEREE IR 24 h, 15
A SE 4, IR T %. 60 CHER R AT K
ERBEPEDI AL ST/ R EERE AR L I 0,
L 40~60 H L, 2% H .

SNt FE R, T NMP S PES RE 4 B va iR H.
Gy AR IO G TR ARG FE TG B, (R B RS s A
(1) PES 57> 70 i e F5 75 — e Y Bl A RE L. [
I, %% APTS/SBA-15. PES. NMP Jii & 43 5l N
70:30:100. 80:20:100. 85:15:100, & X i N APTS/
SBA-15/ B Bk B4 ', APTS/SBA-15/ % Wk i °, APTS/
SBA-15/ FEEAA .

1.3 MHERLAE

IR N, WP - Bt BRG] BET 2500 B4 (i e
A, BIH LM LALLM . R T B
NLEEHE L RT3 T AR S AT G 52 A4 ) AR e E
FHEEZR 10 °C /min. FICE 2 Hr 0G0 E M EHG N JT
RoE.

1.4  #rRIERE HON M4 aERIEHNEN

K26 SR I 709k 2 P R AL s L U5, PR
PEDhREAL 2 T BRPEThREAL 2 10 / SRR IR & 44
L 0 A A HON OB Thg . AR, 5
P B i D Re At 7 7 PR DhREAL 70 i / 2R
fit A A AR IR NN 20 mg/ 2, AR ESR
Kl 5 9K
L5 EMFEMN AN

Vg 0 (R Th e AL 73 07 / SR IERR AR A A4k} L
ZIREAIERNERN AT, A IERERS A
100 mm (1 SZPEHPI 0 UIHESE 4 2B 10 mm
IRk BE +15 mm @ B4 B, MORb R TER N E A 2
mg/mm. FEEEN R A R, HFE— &S
il DAORE R0 R AT 4 R 00 22 o7 2 — 2o

BEEITMMLE THE (221 C. Mt
B (60£2) % M 2& 1k 4 48 h, FIH A Thke
ZAEMR MR S 5. ik CPHRE
+0.02) g & CFEWEE +£49) Pa (iR 5 W, %
FE b v 7 vk PO 0K A 0 3 SR R 4
HCN. fH##. NNK. B[a]P. ZKEy. [ & NH,
SRR, BNFEREERN S K, THEEHE
FEHIEM R P, B RE A I ) S bR e AR
£,
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2 ZR5WE

2.1 MARIERIE
2.1.1 TR ASLE I FRAE
APTS/SBA-15 M EH TG R M4 R W& 1. "],
b APTS FHE MRG0, Bl o) ReJk £ 3 i 3 o,
{24 APTS H#EH 1 g 7 1b )5 1) SBA-15 A 2 mL
APTS ¥4I 4 mL B, 43 b )2 B & s 3G R as /N
FRAE N 76 3R (145 & 40 HUHE 5 H 45 6 B 5w SBA-15 1L
BE R Th R AL &N 2.13~2.27mmol.

F 1 APTS/SBA-15 YTESHT
Tab.1 Elemental Analysis of APTS/SBA-15

FE Aiiié/ N/% %ii?

SBA-15 0 0 0
a-APTS/SBA-15 1 2.98 2.13
b-APTS/SBA-15 2 3.16 2.26
c-APTS/SBA-15 4 3.18 227

T BAHEEEE (mmol/g) = (FUTHMFRITH X1000) /14

* 2 N KL SBA-15. B 1% Th fig {6 SBA-15 (1) Lk
KA FLAE R LRSS R .

3 2 SBA-15, WUMETNRE(L SBA-15 Byt RME. FLERFLEIR
HioE

Tab.2 Data of specific surface, pore size and pore volume of SBA-
15 and amine functionalized SBA-15

5 b Seer/(m’/g)  V/(cm’/g)  Pore size/nm
SBA-15 569 0.79 5.1
a-APTS/SBA-15 498 0.75 4.9
b-APTS/SBA-15 361 0.62 4.8
c-APTS/SBA-15 334 0.54 4.2

M 2 0] LB B, SBA-154 APTS G5, #
BHLAEN, R LR N . BRI PE D) BE
fE MR LR TR FLIAERL. L5 SBA-15 fHLL
WEARRIFEE R, (HEKTS, s et
R AR FLGE A YERR AT
2.1.2 MR HEBRAE

K1 4470 SBA-15 (& 1-A) . APTS/SBA-15 (]
1-B) [ APTS/SBA-15/ R EE A E &+ &L (Kl 1-O
") SEM K, M 1-A o] VR IE R 1 E i, SBA-15
SEEANE R, 50 G — 8L BN —,
Kl 1-B Fpp RIS 9 HUIR, - 2 B2 B el o R i 1 T
PILFRAKAESE. WE1-C e LA H, APTS/
SBA-15/ ZEERIN S & 04 RL R TH 2 I 4R AR KA 2 1L
g5k

7E: A:SBA-15 (X10000) , B: APTS/SBA-15 (X10000) , C:APTS/SBA-15/ EENE AR K (X200) .
1 SBA-15, APTS/SBA-15, APTS/SBA-15/ BRE# N E & 414149 SEM
Fig.1 SEM images of SBA-15, APTS/SBA-15 and amine functionalized SBA-15/Polyethersulfone composite material

2.1.3  BREThEEAL S TR REERIE A MR E R
1iE

K12 A B IVE (TG) 43 BT 2 I (SBA-15(A)s
APTS/SBA-15(B), APTS/SBA-15/ % ik tK & & #1 ¥l
(C) . HE 2 LA, 5 SBA-15/ TG 4N &
N AR E B F, APTS/SBA-15, APTS/SBA-

15/ RBENE A AR 5 i 2R3 AR R B .
F—ABrE (30~200 C) , KREL 4%, FEEZIL
T8 N P BB R K B S SRR . APTS/SBA-15 53
TR E B (200~800 ‘C) K E L) 15%, T ERE
P4 R 5 P (1) S8 4K 20 il DA B R R R I 40 & R Kol
f#; APTS/SBA-15/ REFNE &M R AR EH B
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(200~800 ‘C) KEZ) 23 %, FERAEEERELYE
HRIK S BT A DA KR BRI B AL i R . 45
# W, APTS/SBA-15, APTS/SBA-15/ Rl & &+
BHE 200 ‘CULUTFEA RIFHFAERE M, W e ms
I ORI EE7E 30~50 °C B R4 5| i inds kL fif .

100 1

95 ==

90+

1
o

854 | [/
!

TG(%)
DTG(% * min™)

80 | i \

/ L/ !
A
/T H

A
s s
AV

i
70

-2
T T T T T T T T
100 200 300 400 500 600 700 800

HEECC)
7E A: SBA-15, B: APTS/SBA-15, C: APTS/SBA-15/ S BN 5 &
IS
E 2 #8 TG fi4k

Fig.2 TG curve of the material

22 WMEINEEL o F IR RS EES HCON Bt
BE

FH A& SR 770 PR RE AR DEAN 25 B A0 PR B )
REA 23 F 0 A4 L 50 = RS R HON B B R
FoA BRI & N 20 mg/ 37, FERR R 2 2E R
SERES ERURA R HON BB, 451 0% 3.

R 3 WIMThREL S F A X HON R A2 By 2500
Tab.3 Effects of amine functionalized SBA-15 on reducing of
HCN

FE i HCN Bl /(ug/ %) HCN FHEZ /%
7 R R 94.2 /
SBA-15 80.5 14.5
a-APTS/SBA-15 72.8 22.7
b-APTS/SBA-15 69.4 26.3
c-APTS/SBA-15 68.6 272

F MINTAB # 11 % As [7] &2 5 6 4 & 1A A8 s
AT RS, S5 EIR P<0.05, BB ThREA T
i A Ak 35 T Sk 2 PR R S S HON R T
BT T RE AL S5 ARG A HON R R AE F ¢ SBA-
15 HRrde s, HBEEZIEAEES N, APTS/SBA-
15 X HCN [ B AR 1 BE 38 m, A ik, 3% ¥ c-APTS/

SBA-15 5RBINHEITE A
2.3 WMETIREW S TFIF / REANE S M RIBER SRR
S HCN HyEgE

% B AR S W W S HON &% 3 5 47 19 44 8k
c-APTS/SBA-15 5 BN A kL 52 & 1] 2% 16l 14 D) e 1k
oy T/ BB E A MR, H o c-APTS/SBA-15.
PES. NMP Jii & [t 7 Jill 4 70:30:100. 80:20:100
85:15:100, & & i N c-APTS/SBA-15/ % B #4 ',
c-APTS/SBA-15/ RMHIA*, c-APTS/SBA-15/ SR *.
Yk B3 0 c-APTS/SBA-15 [ & i 1] 4% 14 Bl 14 Th e Ak
IrFU 1 REEE S B B RO AN B AR

FA A& RS D070V R ASTADL VT A 2 B A5 PR i 1
ReAb 710 / SR BEIN A G A REX 500 32 00 S R HCN
(IR B T RE, R A RIS &R 20 mg/ 32, S5
x4,

R4 IS5/ REBWE SRR HON BiE
A
Tab.4 Effects of amine functionalized SBA-15/Polyethersulfone
composite material on reducing of HCN

T b L
BE & HONBEBUR /o e o
(ng/ 32)
7% 0 IR 93.9
c-APTS/SBA-15/ Sk, ! 67.4 28.2
c-APTS/SBA-15/ &k, 2 65.2 30.6
c-APTS/SBA-15/ 5Bk, 63.9 31.9

= 4 AU INAS[H LE 5 ) c-APTS/SBA-15 Fit il %
BRI hEE Ak 20707 / SR BRIR L A 34 R B AR B 32 3R
JHAH HON B E IV 45 5. H MINTAB 3K 4%
FEARBRIAT ¢ 056, 45 R EIR P<0.05, RIE A
ol 17 ] 2 5 PR AS JH  J0HSR HON RSl B
EH A MBI c-APTS/SBA-15 ELfl (38 hn, & &4
KK HON ()RR B F, c-APTS/SBA-15- R EEH)
MEHE IR T e (1 HON PEACTERE

55 c-APTS/SBA-15 #HEHHLL, #4715 & c-APTS/
SBA-15- B * A1RL o & B Dh e AL 43 T 1)
RIEAT D, (HE A LR HON R0R, &2
K, TERMESEA 78 S B OL R, Bl Thae b o i
| RN A A R AT 2 1 A H ) 4R AL T
ghry, HREMKIL AAAFTE, TR 35 0 <,
(8 A 2 3 S A EE N 78 40 5 Rk
HHBR I SR A, 38 5 PR R
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-‘ﬁ{ﬁ Tab.5 Physical parameters of cigarette samples
RN c-APTS/SBA-15/ JEEEH * & 44 KL = B R /(mg/%Z) WM /Pa B /mm

TG A YE FE BT 1) 2% 1 56 4 SR R XS R G 1) 4 B S

v s — [ s pagicES 889.2 1010 24.4

B WS IENR . 7 FA T R 45 R

JRE R 4 AL 5-8 Fn. M 5 A LLEH, IR 908.1 970 244

B SIS A S AR T BB &= 3G 0 1 18.9 mg,s

4124 F 4552 % WM IEHE  c-APTS/SBA-15/ BERF * & N 6 TTLLE H, RIS 5 R A

SRR (20mg) , XHGEM S EAG NI SRR S A 2 o B AR — 2
(21BN P P K L &2

R 6 BIRFEMRAEMUESIER

Tab.6 Conventional mainstream smoke indexes of cigarette

0 SRIARY [(mg/ 32) FE3H /(mg/ ) SR /(mg/ ) Ko (mg/ ) R I/
o} 18 5 4K 12.5 10.3 0.9 1.3 6.6
R 12.6 10.4 0.8 1.4 6.5

LR HON &8 7 Bl 35 e IR 5 R 2 30.6 %, BMHSG HFVEPH SR 8% A8 0.2, Hodth ) LA A
EEEMEFIEEOLER 7. ] MINTAB BAEXIFEA 35 s B R A A B0 B 3 PR
AT th e, i RERSBINE S MBS HON B UG I 5 o S I PR g R (R 8) R W,
JRCRE 35 A, FEARRIA R 29.6% . WEFPEREARRY sl B SXT GBI, BCE R A PR,

RT ERASH T HEERSNBREREEHEL

Tab.7 Release of harmful components and hazard index of mainstream smoke

e Cco/ HCN/ NNK/ NH,/ BaP/ Ky / G/ HE
(mg/ 32) (ng/ ) (ng/ 32) (ng/ ) (ng/ 32) (ng/ ) (ng/ )

Xt S 11.9 95.8 4.8 7.0 9.5 14.2 12.6 8.2

564 12.3 67.4 5.1 6.7 9.3 15.3 12.5 8.0

R HREBHEREREITNER

Tab.8 Results of sensory quality evaluation of cigarette samples

B HEE (5) FHH(32) R (6) 5 (12) HECE (20) AWK (25) &t

it G 4.0 29.0 5.0 10.0 17.0 23.0 88.0

ey | 4.0 29.0 5.0 10.0 16.9 22.5 87.4
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AN K U] P i 2 R 2 L 5 A RT B TE in AR AR R
b, 7E200 CLAF EA RiF#FaeEt: wrtIhret
SBA-15/ B A MR L — o0 5 G iEe T 8N T
B, 52 AXHIRFEATEL, HCON Mk 80 R R AN
30.6%, I T R AR 6 B 5 R o BRI
BELHEZESR, BWAEETNHEICTREF 0.2, WK%
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REAt SBA-15/ FEBkIN & & A4 kL0 46 HAMH < HCN R
AR R B R, A SERRAE = R A A
JS FH AT 5%
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Selectively reducing HCN in cigarette smoke SBA-15/polyethersulfone composite material with
alkaline function
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Abstract: To selectively reduce delivery of hydrogen cyanide in mainstream cigarette smoke, amine functionalized SBA-15/
polyethersulfone composite materials was prepared. Pore structure, surface morphology and thermal stability of the prepared composite
materials were characterized by nitrogen adsorption, SEM and thermal gravimetric analysis. The composite material was added to cigarette
filter to test its harm reduction effect. Results showed that: 1) Material obtained by modifying SBA-15 with APTS still retained its orderly
mesoporous structure. 2) Amine functionalized SBA-15/polyethersulfone was a spongy porous composite material with excellent thermal
stability under 200 oC. 3) When amine functionalized SBA-15/polyethersulfone was added to a dual-filter at a rate of 20 mg/cig, the HCN
in mainstream cigarette smoke was reduced by 29.6 %, and the hazard index (/) of cigarette decreased by 0.2. The amine functionalized
material SBA-15/polyethersulfone proved to possess good adsorption ability to HCN in cigarette smoke.

Keywords: cigarette smoke; hydrogen cyanide; selective adsorption; amine functionalized; SBA-15/Polyethersulfone composite material
Citation: DONG Yanjuan, LI Huaiqi, ZHOU Hao, et al. Selectively reducing HCN in cigarette smoke SBA-15/polyethersulfone

composite material with alkaline function [J]. Acta Tabacaria Sinica, 2016, 22(6)





