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1 Introduction

Activated carbons (ACs) are widely used as adsorbents for removing pollutants from streams in
industrial processes because of their powerful and various adsorption properties. The presence of water in
ACs is known to have an important negative impact both on the capacity and on the selectivity for the
removal of organic or inorganic contaminants in the industrial ACs [1-3].

The adsorption mechanism of water on ACs is quite different from that of simpler fluids such as
nitrogen or alkanes [4]. While these simple compounds (e.g. nitrogen, argon, methane) present most usually
type I isotherms (IUPAC classification) on ACs, water adsorption isotherm is S-shape, similar to type IV or
V depending on the density of active sites. The difference in these behaviours is classically assigned both to
the weak water-carbon interactions and to the strong hydrogen bonds that lead to water clusters formation
(see the two interesting reviews of water behaviour in porous carbons by Brennan e 4/. [5] and Mowla e# .
[6)).

Several investigations have been carried out on the measurement and the understanding of water
adsorption on graphitic microporous materials (eg. AC, ACF, SWNT) [7-11], sometimes with a complete
surface chemistry and pore structure analysis [12,13]. However, the experiments have always been
performed at a unique temperature, close to the ambient one, except in the work of Ohba ez 4/ [14] and
Nastaj and Aleksandrzak [15]. In this work, the adsorption behaviour is analysed on a wide range of
temperature thanks to new experiments and modelling.

2  Methods

2.1 Experimental section

In the present study, the adsorption/desorption of water vapor on two commetcial microporous ACs
is measured at three temperatures (353, 369 and 386 K) by means of a magnetic suspension balance, in
order to investigate the influence of temperature on the adsorptive properties. The two ACs are fully
characterized in terms of structural properties and surface activity. The difference in their Pore Size
Distribution (PSD) — more or less extended — allows discussing the impact of PSD on water adsorption.

2.2 Thermodynamic modelling

Few years ago, Do and Do [16] developed a model (DD) able to explain the role of active sites and
microscopic structure of AC in the adsorption of water. This model is based on a two-step mechanism: a
water cluster formation on active sites followed by the penetration of the clusters into the micropores. Since
its introduction, several modifications concerning the size of clusters or the adsorption on actives sites have
been proposed for this model. In their critical review of analytic approaches for the modelling of water
adsorption on carbons, Furmaniak e# 4/ [17] have shown the efficiency of DD derived models on water
adsorption on ACs. In the present study, we test the DD model and its two principal modifications [18,19]
on the experimental isotherms of the two ACs.
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3 Results

The effect of temperature is cleatly shown on the adsorption/desotption hysteresis but is negligible on
the total adsorptive capacity of the AC. The different textural properties (specific surface area, pore volume
and pore size distribution) of the two ACs have an evident impact on both the slope of the isotherm
corresponding to the adsorption in micropores and the total capacity of adsorption of the AC. The original
DD equation and two of its modifications were used to model the measured isotherms. All the isotherms
could only be well-fitted by the version of Do and Do model improved by Furmaniak ef o/ (HDD).
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Figure 1: water vapor adsorption isotherm on Carboxen-1012® : [0 experiments, --- DD equation, — DDN
equation, -~ HDD equation [19].
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