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Adsorption properties of surface - modified activated carbon
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ABSTRACT : Relationships between surface structure and adsorption properties of
smoke components were investig..ied in surface ~ modified and un - modified activated
carbon filter cigarettes. Commercially available activated carbon was treated with nitric
acid and hydrogen peroxide as oxidant, and their pore volume, surface structure, BET
surface area, pore type and size were studied. BET surface area and pore volume were
decreased by nitric acid treatment, but median pore diameter was 8.1 A, which showed
better development of pore compared with that of un - modified activated carbon, 6.9 A,

In case of hydrogen peroxide treatment, BET surface area and pore volume were increa-
sed. Their pore was found to be a slit type based on V-t plot analysis.

Neutralization capacities for bases of different strength(NaHCO;, Na,CQ, NaQEt and
NaOH) showed that the majority of the acidic surface groups are of weak acidity.

Modification of the activated carbon surface led to a slight change in adsorption proper-
ties when analyzing the smoke of triple — filter cigarette with surface - modified activated
carbon,
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Table 1. Physical properties of surface — modified activated carbon

BET SSA” Pore Volume .
(mi'/g) (cc/9) Median Ash
Samples _ pore diameter” content®
Total Micro Total Micro (A) (%)
Commercial 1055 1031 0.428 0.397 6.9 4.6
AC-H:0 1114 1091 0.445 0.395 6.8 4.0
AC -~ H.0. 1176 1146 0.478 0435 6.9 4.0
AC - HNO, 916 889 0413 0.374 8.1 29

a) By Ng, BET method
b) Horvath - Kawazoe method"™

¢) The ash content was determined with a porcelain crucible, in air.
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Fig.1 Adsorption isotherm of N2 on surface - modi-
fied activated carbon

f:'
w0
i
Va A,g
! + control
£ * AC-Ho0;
=8 o AC-HNOy

Fig.2 V1 plot of surface - modified activated car-
bons. Vad is amount of adsorbate adsorbed
by the g of adsorbent under the standard con-
dition. t shows the statistical width(A).
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Table 2. Surface acidities of modified activated carbon samples

Base consumption (meg/g) Surface group (meg/g)?

Samples

' NaHCO; Na;CO; NaOH NaOEt I i 1 v Total
Commercial - - 0.043 0.043 - - 0.043 - 0.043
AC-H,0 . . 0.042 0.042 - - 0.042 - 0.042
AC-H,0. 0.007 0.012 0.073 0.073 0.007 0.005 0.061 0.073
AC - HNO; 0.148 0.154 0.361 0.367 0.148 0.006 0.207 0.006 0.367
a). 1 :Carboxyl group. II : Carboxyl group that occurs as a lactone,

Il © Phenolic hydroxyl group. IV ! Carbonyl group that reacts with the carboxyl group II to form the lactone (or
lactol)
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* Pressure Drop :

Fig.3 Triple Filter’s Cigarrete
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Table 3. Quantitative determination of semivolatile compounds delivered from cigarette with the surface - mo-

dified activated carbon

Formal - Acetal - Acetone Propion Acrolein
Sarnples dehyde dehyde aldehyde
(ug/cig) (ng/cig) (ug/cig) (ug/cig) (ng/cig)
Commercial 2.8 389 246 91 26
AC-H.0O 13 137 99 47 15
AC - H,O. 1.2 203 140 50 11
AC - HNO, 10.1 868 586 221 56
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Table 4. Quantitative determination of phenols delivered from cigarette with the surface - modified activated

carbon
Samples Unit Commercial AC-H,0 AC - H,O, AC - HNO,
Compounds (pg/cig)
Phenol “ 7.7 50 7.8 10.1
p - Cresol % 116 13.0 14.5 15.6
3,4 — Dimethyl % 15 14 1.5 2.1
phenol
2,6 - Dimethyl * 7.7 36 3.6 4.9
phenol
3 - ethyl % 0.8 0.9 0.9 1.3
phenol
Catechol v 24.6 27.7 25.8 322
Hydroquinone ~ 17.9 223 19.8 255
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Fig.4 The relationship between the amount of ace-
taldehyde delivered from cigarette smoke and
the total surface acidity of the surface = modi-
fied activated carbon
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the phenolic hydroxyl group of the surface -
modified activated carbon
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Fig.7 The relationship between the amount of cate-
chol delivered from cigarette smoke and the
phenolic hydroxyl group of the surface = modi-
fied activated carbon
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Fig.8 A model of the adsorption mechanism between activated carbon and phenol
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