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ABSTRACT. The analysis of adsortion behaviors of some cigarette aerosol ingredients such as tar, ni-
cotine, carbon monoxide and a number of organic acids has shown that the rates of adsorption of the adsor-
bates of lower boiling point had increased in accordance with increasing cumulative pore volume, while
that of higher boiling point decreased with increasing pore volume of smaller radius. The adsorbents used
here were charcoal, silica gel, alumina, and activated clay. The common principle that the adsorbents of
greater specific surface area adsorb the larger amount of adsorbates appeared to be disturbed in the ad-
sorption of higher boiling point adsorbates. This confirmation was made mainly by analyzing the adsorp-
tion behaviors with regard to the pore volume distributions evaluated on the bases of desorption isotherms.

4 = olh, FHAze AR, A7t A, LFap}

FHUES d3glon], SEgAPzE Az o

T A" 2 R FAel Hsed 2 21 5 ojzg 3o Uaw), e, daseiest 2 7K
&9 (cumulative pore volume) % $3%s  $r)a-g dsjglc),

T2 HEY] FAEHe] AT A% A F2AY T3ty P2 539 duE Y%

=350 —-



T3 FAd As A=A 351

Foleta 714e Felle] Y F 4 Bol o o
g AE3Foletx 2+ Barrett, Joyner s}t
Halenda (B, J. H.)9| Alebs} §& Eeo] =3l o
%3olgln ¥ ¥ Cranston 3} Inkley(C.1,)<] Al
Qbof| Azl AAbgE A, T FeHE MY
&glo] F.ebal 7z} tiA|o)A] hydraulic radius £
AAsia o] wbA $XE Felo 327 Xl
X|&4= Brunauer, Mikhail 2 Boder (B, M.
B.)<l sl oAzl AAbsldw, °olF
25 FAAE A AE

Az oejzde] FHAYHL AzAPH Y v}t
Ao, wepr Azl Yejof S5 F2A
Folld AAZ dolve FHFAHL vl Yot
dubd o2 dxAgdels F2 2PAe FAA
Zo| =F EU18kA ¥ dn, odAd 43
e oz #E (filtration efficiency)s
Dobrowsky®2he7} Sloan 3 Curran® 59 =
oA F2 Ay =& 7|ERA] ¥ Yo, A
ZAd] F32 AYPAlel F2A] Fo &2 F F
HollA v Zog Efo HALE A Ao,
7} rﬂg} Algxo] A 9] 7t AlslchAle] &5
= A3 FUA @F ol uebA ofzd
HAol A d& Az dzxAg Yo FAHH 8 &
dz7el ] FAEA ] 7FRukg 74 Fe|d),
2} o] 224 Shields ¢+ Lowell o] 2173k
“FatAlel gk slAle] FAEke FatAle] 1F
7} A Al"/F"“ 9 dukdE AEsE

= O

A
7 4

&

X ek

>

=

o 2 ¥t gickn 2o, £ A¥AdEA:
DGR 24 B AFT £ 9L
ohe} Elzoldst el olzigt Untdo] 435
%) gh A%l g siwe] Aissieh, & Bz o
2 Aol AFE K743} Rl wigo] vmd
o A FAAL F2ho) A FHHolA A o
of £¢ Ao olasly] Wiol FAAe vExl
Aol Ax, 5B Lol YoiA AL WA

539 ulgol 2 FaAol daldE §HEl 2
a3 ol

2485 5395 pxole $AE vm A=
Sz 5RES BE ARRNE BT 4=
i,

Vol. 33, No. 4, 1988

Table 1. Classification of adsorbents

Particle |
Adsorbents size Reagents
(mesh)
Carbon 1| 50-~100 | Charcoal activated (G)
2 | 200~230 | Charcoal activated (G)
3 | 200-230 | Carbon activated (P)
4| 18~ 30 | Charcoal activated ()
Silicagel 1 | 200~-230 | Silica gel
2| 6x16 | Silica gel (Union Carbide)
Alumina 1 | 200~230 | Aluminium oxide, activated
2 K1/8 inch){ Alumina (Union Carbide)
Clay 1| 200~230 | Activatedclay
2| 18~ 30 | Activatedclay
4
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Table 2. Pore informations and the corresponding percent adsorptions

Cumiative pore volume (mi/g) RalA)

Sample B.J.H. ClL B.M.B. B.J.H. CL B.M.B.
D A D A D A D A D A D A
Carbon 1 0.190 0.178 ] 0.276 0.261 | 0.114 0.110 | 205 13 13 15 21 15
2 0.266 0.252 | 0.363 0.363 | 0.160 0.162 | 19.8 13.5 | 205 13 20.5 13
3 0.291 0.279 | 0.342 0.324 | 0.177 0.167 | 12.9 13.3 13 13 21 13
4 0.182 0.176 | 0.259 0.255 | 0.110 0.106 | 12 19 13 15 13 15
Silicagel 1 0.819 0.085 | 1.065 1.065 | 0.633 0631 | 30.3 47 33 33 33 49
2 0.441 0433 | 0.549 0.545 | 0.251 0.252 | 12.8 13 13 13 13 13
Alumina 1 0.250 0.228 | 0.286 0.276 | 0.184 0.156 | 185 1971 21 22 21 22
2 0.388 0.374 | 0.531 0.454 { 0.269 0249 | 195 16 21 17 21 17
Clay 1 0.173 0.173 | 0.197 0.129 | 0.157 0.083 | 185 62 20 65 20 65
2 0.111 0.106 | 0.134 0.086 | 0.083 0.049 | 19.5 17 20.5 18.5 20.5 43

Ripax.! Voum Surface area (m%g) Percent
B.J.H. C.lL B.M.B. B.J.H. C.lL Adsorption (%/g)
BE.T.

D A D A D A D A D A [Nicotine Tar CO
0.262 0.388 | 0.197 0.264 | 0.204 0.256 | 1092 | 239 215 439 408 26.7 9.2 5.4
0.274 0.325| 0.205 0.236 | 0.214 0.209 | 1163 | 316 299 543 542 97.7 85.7 28.6
0.165 0.255) 0.149 0.251 | 0.137 0.196 961 268 259 401 396 | 100 98.0 25.9
0.260 0.315| 0.191 0.223 | 0.186 0.222 | 1080 | 224 215 406 407 | -19.2 9.6 -4.9
0.363 0.179 | 0.316 0.159 | 0.296 0.157 504 | 632 558 852 801 24.4 6.1 -3.2
0.301 0.307 | 0.261 0.257 | 0.233 0.225 612 | 547 523 761 760 | -10.4 8.0 2.7
0296 0.206 | 0.286 0.218 | 0.241 0.184 | 158 230 193 303 263 70 122 -1.1
0.349 0.217 | 0.296 0.216 | 0.268 0.183 330 | 381 345 557 484 8.3 8.3 2.8
0.197 0.127 | 0.218 0.149 | 0.157 0.164 80 97 63 131 93 419 235 10.3
0.218 0.243 | 0.214 0.362 | 0.168 0.310 77 74 52 101 72 -6.7 9.8 0.6

D: Calculated by desorption isotherms, A: Calculated by adsorption isotherms.
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Fig 1(a). Percent adsorptions for carbon 1, 2, 3, and 4
as function of cumulative pore volumes calculated by
B.J.H. desorption isotherms.
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Fig. 1(b). Percent adsorptions for carbon 1, 2, 3, and 4
as function of cumulative pore volumes calculated by
C.1. adsorption isotherms.
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Fig. 1(c). Percent adsorptions for carbon 1, 2, 3, and 4
as function of cumulative pore volumes calculated by
B.M.B. adsorption isotherms.
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Fig. 2(a). Percent adsorptions of tar with regard to the
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Fig. 2(b). Percent adsorptions of tar with regard to the
¢ VRmax/chm" values of adsorbents calculated by
B.M.B. desorption isotherms.
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Table 3. Percent adsorption of some organic acids

Percent of Adsorption (%/g)
Sample

[Palmitic Stearic Oleic Linoleic Linolenic
acid acid acid acid acid

Carbon 1f 5.1 2.6 4.9 34 3.0
4| 249 15.6 14.9 10.3 30.2

Silica 1] 26.0 31.8 35.5 34.9 304
gel

2| 35.1 25.8 36.1 35.5 46.9
Alumina 1| 17.5 16.2 22.2 20.3 16.0
2| 16.2 10.6 14.8 14.9 28.3
Clay 1| 294 33.1 37.2 37.7 32.6
2 16.7 4.3 17.7 23.8 39.5
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Fig. 3. Percent adsorptions of a number of organic acids
with regard to the * VRimax! Veum™” values of adsorbents
calculated by B.J.H. desorption isotherms.
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Fig 4(a). Mean value of adsorption rates of number of
organic acids with regard to the ** VRmax { Veum' values
of adsorbents calculated by B.J.H. desorption isotherms.
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