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Abstract: This study used several ion-exchange resins and showed that CR11 and AMP160H have highly selective area
and are efficient adsorbents for formaldehyde, acetaldehyde and HCN in the smoke generated from Ky3R4F reference
cigarette smoke. The substantial adsorption of HCN (>95%) and formaldehyde (>50%) was also observed. The decrease
in these compounds was greater than that from using an activated carbon and synthesis zeolite. The results also demon-
strated that chemisorption was an effective mechanism for the adsorption of certain vapor phase constituents from cig-
arette mainstream smoke. The results may be helpful in designing selective filter and understanding the retention
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mechanism of mainstream smoke compounds in previous studies and practical filter materials.
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Task Force 3-5AE ) 25l Hoffmann’s AHEE2] £4
A HuA7E BREATE o] AellA] 7=l = 2R4FS}
IRSFE ARgEle] A AlA] 197] A7 o] Fofsle] A4,
A, B, 548 A5 55 B8l AW Abo)
SAA EFEA ] A S 218 83 Rux=E
AUTE?

f1et 22 oy AdA AFE BEUZE, o] AFxe ¥
712 o] 2nBkFR] FAAE o]8ste] o] FRA F

3 REAC] AFH BAMEE gl FHAYS S5
3 AEgel] mAE P 2HHY
4

Aof & THE. Aetstea B4 S 98] AR Al
potassium cyanide(KCN), potassium phosphate monobasic,
sodium phosphate dibasic3} chloramine T, bis-pyrazolone %
DMFW,N dimethylformamide), 3-methyl-1-phenyl-2-pyrazolin-
5-one, sodium-4-pyridinecarboxylic acid(isonicotinic acid) &
& Aldrich Chemical Co.(USAV} A&ES 2831t

|| =3kgtE AollA ARS-§F Al2F2 2,4-dinitrophenyl
hydrazine> Tokyo chemical Industry Co. LTD(Japan)A} |
F& A8 3L, acetonitrile(ACN)S Merck Co.(Germany)
A} A3, perchloric acide} buffer?] trizma base[tris(hydroxy-
methyl)-aminomethane] 1%%<- Aldrich Chemical Co.(USA)A}
AFS ARSI

o] Aol AREHE o] 2w A= LMY, A7/ oAl
3R] FoA] ZZ2ERIE 7292 3= porous typed]
TRILITE CMP283% gel type®] SCR-B Na'(Sulfonate), 1
type, TRILITE AMP 16 OH-(trimethyl-ammonium), DIAION
CR11 OH (polyamine)S AH&-3F3A 3L, F/dE zeolite A type
9] sodium aluminosilicate Valfor 1003} Aplite 9182 Z}z}+
ARg-sEATE

o] Aol AREE ¥ (Ky3R4F)= Kentucky Tobacco
Research & Development Center(University of Kentucky
Lexington, KY, USA)Z5E T35t

Smoking =71 ¥ AWI|ESEAEX]. 2 A ARE-E )
7] 23 2 FEER= Figure 13} 7Fo] A A 2tste] A}
8513t Figure 1914 a7} Aaso] A7)0l o3 st
£ B9t o]2 Ao F2o] EEE adsorption columnel]
SANZALH, Tl rodell A3 o] 2SR E AR5k 9l
e A ZE Q] cavity FEol FHA351] SRLHHE Ax
stk S U FHE Ysle] 4 F duje F
Al B FR MRS Skl Heto] £5% He W AEE A

trapping solution> 0.2 N NaOH £, ¢d|s|= 238
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Smoking Machine

ky3R4F
Cigarette Cigarette Cartridge
Holder

Adsorbent.

. s
Cigarette cavity filter e

Trapping Solution

Figure 1. Schematic diagram for smoke trapping and adsorption
unit with IEC cavity filter.
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flow analyzer, Bran Luebbe Co.)Z AF&-3Fth. 3 L3
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Figure 3, Figure 4, Table 1= TRILITE CMP28 ©]- 238}
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Figure 2. Photos for adsorption of smoke condensate with ion
exchanger resin.
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cps/ev Table 1. Various Element Contents of Ion Exchange TRILITE
o] CMP 28 Resin after Smoke Stage by SEM-EDAX Quantitative
] 0
o] Atom € [at%] o wiC] norm.C [wt.C]
1 Elements smoking
”f‘ Before After Before After Before After
1023’ Na P Pd T Carbon 58.7 54.4 29.3 23.4 38.5 322

0.84
0.6
0.4]

0.24

0.0 * " ' o T T
2 4 6 8 10 12 14
kev

Figure 3. Different ion scattering state of ion exchanger before
smoking by SEM-EDX.

ps/eV.

Figure 4. Different ion scattering state of ion exchanger after smok-
ing stage by SEM-EDX.

SR 7E oju gk E2)3keA WskE FRkshs 7tel digh
AGS oldlsl=t 83 HRE I St} F o] 2w
7t A7 ES SR R W 2AF g 240
Fol A S dA5T T Aot olHg A= Park &
5 ¥ 79} Branton 52]Y HoA AFE W& e H
Jol ATt wehA] o] 2N BFA|E o] 83 A-8A ] Fulj A

1o o XN ot Kl

o

Oxygen 30.2 26.9 19.9 5.4 26.2 21.2
Platinum 1.6 2.3 13.1 16.3 17.3 224
Sodium 8.5 14.5 8.1 11.9 10.7 16.4

& JHE gl oA ol2wgrA] We] EArx ¥
sh} Aghelsdo] vlg- A& Aoletal dAetsistt.

Table 2= o] A-ollA] AMSH o] w3 W 4 zeolite
o} 2H& FHAE o8-S FH9| o7 ¢ FH® S-S Hrlst
7] $l5ted Ky3R4F 71E=gulollA &2 TPM, nicotine, 3
FLH B, oK ELHS| = T2]a AQkskeael] the =7
Ao] ola ke FAISH Aojt}. o] FollA & & x| o]
WEPAL zeolite SIS cavity FEIS] ZEJY adsorption
columns F-2F8PH 71E0] ol vehbe S48 &
712 A7185-22] TPM} nicotine®] o8 Zo] il 2
< & UTh F ol usrER o] AW A ot
At 52kl elair A7) ol Fo] FHidhe Alolth

53] AlQtslrae] olg#go] AMP 160HSt ZH|0|E 4]
¢l CR 11°o] 724 2 Fxolxe F2EE7F 735

o tiET-9] 97.8 pngleigdllMl 2.99F 2.7 pgleig? °F 97%
He2 A o]go] Aadke As & Utk B3 X
A= ol HF TFAat zeolite7} H-EHE Al E FFo| A
16.4 ng/cigl & thz72] 84.4 ng/cig Bk oF 80%2] =& A
AE&S BT o]y gk Ajtslael] tigk AMP16OHZ Z
go]E =]Q1 CR 11°0] F-2 gujge oA Az g2k4
& 7188 A A FAA R 8 SHEES Holi
ATE. Jianhui 5] AFAHAANA B2 opAEHIO|E HE A
AlQbslAne] Bl Bg-E 24% HEo] g ek vl gl
T:]—_23

o]# %t Z&g 73k 7+ Branton 5°]'° macroporous

polystyrene based ion-exchange resin(Diaion CR20)°l 3%

R

Table 2. Mainstream Smoke Yields in Ky3R4F Using an Ion Exchange Resin

IEC/Additive
Components
None CRI11 AMP 160H CMP28 IEX700F Zeolite aplite
TPM (mg/cig) 9.4 6.6 7.5 11.7 5.4 39
Nicotine (mg/cig) 0.7 0.4 0.5 0.5 0.3 0.2
Formaldehyde (ug/cig) 83.4 43.5 66.4 712 50.5 16.4
Acetaldehyde (ng/cig) 911.6 725.6 647.2 693.5 651.5 490.4
HCN (ug/cig) 97.8 2.9 2.7 75.4 24.7 22.5
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o] gds]=2e] 31812 E 3 (nucleophilic capture)>Z g3}
31 RCHO' RNH, — R'CH=NR'+ H,0¢} 72 3}5hih-g-2]
o=z sk

TS gl dr] o] AlQtslrad] A k97
oJste] dojub= Ao = ARt o] s}k R-
NH, + HCN — R NH;" CN™ == R, NH+HCN — R, NH,"
CNZ ZdT F Ut} o]2fd vhgoll &8/ S <] Al
AEE-E pore size, 712 T2 amination =719 Wb 4
S WO chemisorption /S FHslsh= Aol &% @
e o] Aelde S7R7IE P8ty Aoz A7k,

7] Foll AlbslrAE v BE3(26 °Cr 2L A
o A2ollA vl =& SIS Vel ddel ¢t
AGE AREskrae ZIA e o AR e o] EEH]Eo]
1:1 A=do] grsixlth. 53] dehfo] EAlshs o FE<]
sletEo] AFAR Hodetal R 7] A7 (Ca, Mg)®| nitrates
5ol ARtskrae] ARkl FA| Hdstr] wisol] Fuldr]
ZolA Agtet F2HAe] el vl F83k Q4% A7k
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A
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FEoE s & 5 dh 2ELHE|E, o ELTE]
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S
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& 2fo] & v|aLgk Zolt}, & FIER|A|of| o] 2uIFAE T
A%t A5} Fufo] F2E acetate filter 574l 3 ol

o] 2WBFA] = ARbsFrEAe] o|qFF HAE o] T|EAIR
(Ky3R4F)2] 735l olAE|o|E o] 28313 uf KT}
cavity filterdl] 283198 wf o] 2w 3xol 2]t AQtslr
Ao FaMo] B2 S 4 F A

Table 32 W22 o] 2w &A1 IXE 7003 Fol&
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S} Grjs|=e] AeE AAEA 123

120

Cartridge filter

100 ’%REF

Acetage filter
80

28LH

CMP
% 28LH capsule
9 60 fiter owp Spacil
> ter
(@)
L

40

20 4

AMP
CR11 160H

3R4F CR11  AMP160H CMP28LHCapsule filter CR11 AMP160H CMP28LHSpacial filter

Figure 5. Entire experiment compared to HCN.

WZ4=]el CMP28LH, 183 A zeolite V-100, 4] &t
FHAIE wlel F2HE ZEE cavity 37l T TH/
o] aA7]eld) 7hs S7g AFoltt. o] FollA & F Ux
o] F2HAel Wt TPMS] S3Fe IXE 7002} 8 zeolite
oA 50% olde] gt Ao ZEUH S =0 tigh
Ao & AelE W4T gidl)h ey oA EL
sl=9] Zggelle o] Aol ARG FEHAOl ot 50%
Ao 7Hamas IR1E 4 AU o4 gt A 3= Tharh
o7 e 5 FSRAE AdNFHE W 2
A F71°% S5 ol B AS Aol fAke A
o]t Lim 541" A2 ets} oRIZ|= 753zl A
7H JAERZ AxE e A AIRES A} g5 =
Fo| olWEAS A3 AFA Altslraet dHF| =R
o o|gPEAL F&A| 9] HAAlFel 2§ Al AT Ts7]9
EYAFET} Aths AFE B % ST

Tl = g B ER AR A E 7] wiEd
EA A7l g Az 5233 dSsh] flsixe
7} Aol AlAC Fgtele F2Ae] ARl ofg 59
e 9] 7jo] o 3hS AAFSIAL QT

W O

Table 3. Main Stream Smoke Yields in Ky3R4F Using Several Adsorption Filter

Filter/IEC
Components None CMP IXE700 Zeolite Active
(Cation) (Anion) V-100 carbon
TPM (mg/cig) 9.8 10.1 5.4 4.1 12.7
Tar (mg/cig) 8.2 8.4 43 34 9.5
Nicotine (mg/cig) 0.7 0.7 0.3 0.2 0.6
Water in filter (mg/cig) 0.9 1.2 0.8 0.5 49.6
Formaldehyde (ug/cig) 55.9 51.1 50.5 39.7 49.6
Acetaldehyde (pg/cig) 1132.8 693.5 651.5 627.0 518.9

Polymer(Korea), Vol. 41, No. 1, 2017
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Table 4. Effect of IER Mass in the Filter on Mainstream Smoke Yields

Sample TPM Nicotine Formaldehyde Acetaldehyde
P (mg/cig) (mg/cig) (ng/cig) (ng/cig)
3R4F 9.8 0.7 59.5 1096.4
AMP 03 g 6.2(37)° 0.5(29) 21.4(64) 802.9(27)
AMP 0.6 g 7.3(26) 0.6(15) 24.7(58) 870.6(21)
AMP 0.8 g 6.8(31) 0.5(29) 13.3(78) 555.9(50)
SCR-B 0.3 g 8.3(15) 0.6(15) 18.1(70) 686.6(37)
SCR-B 0.6 g 8.6(12) 0.6(15) 29.5(50) 1001.0(8)
SCR-B 0.8 g 6.9(30) 0.5(29) 18.8(68) 771.7(30)

“% Reduction.

Table 4= 7FE2| A AMP160H®} SCR-B o] 21317
£ 03, 0.6, 0.8 g& 717 S5 TPM, nicotine, X5
3|=9] A E(Ky3R4AF)HH] 7} RS9 S2Re- gelsh
A} Fol2uSFA|ofME o] 2w SkrR| o] T F)
weh g Fo] S7Isks Ae Rtk E3 AMPIGOH &
o] o] 2w A7} MUk 02 TPM, nicotine S-2F4] %1
o} | =Fe] AaFe hAH R FARE 32 B3
oh mEbA Fole o] 2w SR 7t ol 2w gEA Bk ARk
o] gl AR Eg)3leE TaEAt] =& 7)4\%
T Aok 2y o] 2wk o] T el whEta] A A
iﬂ AEEC] s UeuA = 2Utt

o] 2SR E THERA] Y| A-gate] A A TPME
EFAE Ky3R4FETHE H24 1 mgold AW 4mg ZE9]
F ztol7F AL 2™, nicotine 0.19114] 0.2 mg/eig =o]
SIS 4= AUAAUTH FEZF Fol2 o] 2R M= o]
ShrA] A Hloll daglo]l YRS FAFRE v ol

o] 2 WEFA = FA7} BoldrE F2e] YA F
7¥he 3hs Bt &, delRudr A E Fol R w g of
H|S=5HA| S28 AR, o] 23R o] SxlFko] Adtid e
2 Bolol Fthk= HE APk 3

Lim 5¢] A7A 2ge 0}“171 APS9} AEAPS(N-2-
aminoethyl-3-aminopropyl triethyoxysilane)Z =] 2] 3}o] A] ot
Shrazel s =e] ez ZHagide] Yol A3E o
A=, AFAELS ol g Aol Bgere] Aol APSH
AEAPS®] oJste] Ui wtsl= AR a4 shih” wheba
ekl 5448715 OF‘ Aol SRS A4z e
2 FF ke 540 A8 M= SAE 2L vk
2 AAFSEAL Q)

Branton2] 179X amine’| 2 7l Diaion CR20 ©
LA S ol 28310 S vl oRHELH|S|E, X5
tsl= o] FA9 dE SR wet AgFow A
AAEo] F7Fehe Aoeke 2bol7F AT oleld A=
o] 2uwgkrR|e] TR, T T, aging A=l o5t

lo ruf

1

r}o lal m{m ool B

>ru2~
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P 2 AoZ FAsTt”

o] A-*X= Branton 5°] AAI$ CR 20 amination’el ©]
20 F5A ) og A7|R S S pseudo-first order
model B|Z=EolA] AQkslyas i Lcﬂ s] = o EY 3
E7F SA"E Y CR 200] F3HA) AlZko] Ao
Aohs dd43 dAjeks Aoz :_‘%3}91‘3}. =&, 5%

AAEE FHEEES] S71] &2
HAUEC R & T A"
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