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ABSTRACT

Micropore volumes from adsorption isotherms for organic vapors and for nitrogen on
activated carbons were compiled from various sources. Organic vapor micropore volumes
(cm’/g) were proportional to BET surface areas (m%/g) by a constant of 0.00041 * 10%. The
correlation with nitrogen micropore volumes was about 10% lower. Butane gas saturations of
six activated carbons at ambient temperatures gave even lower micropore volumes when
normal liquid densities were used to calculate micropore volumes from capacities. Ethyl
acetate saturations gave higher pore volumes than the first correlation, presumably due to
supermicropore and macropore volume filling.

INTRODUCTION

Models have been published 1.2 for estimating adsorption capacities and adsorption
bed service lives for organic vapors removed by activated carbon beds, such as in military gas
mask or commercial respirator cartridges. An essential input to these estimation models is
the micropore volume per gram of the activated carbon. The Dubinin/Radushkevich (D/R)
isotherm equation 3 is used to calculate adsorption capacities at the average exposure vapor
concentration.

Micropore volumes for organic vapors are not commonly measured and reported by
manufacturers and suppliers of carbons and cartridges. If any characteristic is reported, it is
the surface area measured with nitrogen at its boiling point (77 °K) and calculated using the
Brunauer, Emmett, and Teller (BET) adsorption isotherm equation.4 Equipment is
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commercially available for automatically measuring BET surface area, as well as micropore
and total pore volumes. These are usually measured with nitrogen.

The question this work addresses is: Are these BET surface areas measured by
adsorption of the small nitrogen molecule representative of D/R micropore volumes filled
with condensed organic vapors?

LITERATURE DATA

BET surface areas are often reported in experimental studies as important
characteristics of adsorbents. Adsorption isotherms have been reported in many studies, too.
These can be fit to the D/R equation. However, unless the isotherms extend to high
concentrations approaching saturation, the micropore volumes obtained by data fitting may
not be accurate. We have accumulated such BET surface area and corresponding D/R
micropore volume data from several sources”>” for many types of activated carbons and
degrees of activation.

Figure 1 shows a comparison of these two types of data. Most of the data fall within
10% of a proportionality with a slope of 0.00041 mL/g micropore volume per m?/ g surface
area.
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Figure 1. D/R isotherm micropore volumes compared with BET surface areas.
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NITROGEN ADSORPTION

Twelve unimpregnated and variously chemically-impregnated activated carbons were
collected and studied for adsorption properties, including nitrogen BET surface areas,
micropore volumes, and total pore volumes. Such data was also collected from published
sources’ ' for a variety of original and impregnated bone chars, activated carbons,
superactivated carbons (Maxsorbs), and carbonized resins (Ambersorbs).

Figure 2 shows a comparison of nitrogen micropore volumes with BET surface areas.
The solid and dashed lines represent the average and + 10 % ranges, respectively, in Figure 1.
These data show that nitrogen micropore volumes are also proportional to BET surface areas
for all these types of carbonaceous materials, but the correlation averages about 10 % lower
than that obtained for organic vapor D/R micropore volumes. This result qualitatively agrees
with the observations of others.” '
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Figure 2. Nitrogen micropore volumes compared with BET surface areas and the correlation
from Figure 1.

Figure 3 shows a similar comparison, but using total nitrogen pore volumes. These
volumes are consistently higher that the correlation of Figure 1, especially for the Ambersorb
and two Maxsorbs. These deviations are attributed to filling of larger supermicropores and
macropores, as well as the micropores at the experimental conditions.
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Figure 3. Nitrogen total pore volumes compared with BET surface areas and the correlation
from Figure 1.

GAS AND VAPOR SATURATIONS

We have attempted to estimate micropore volumes by simple procedures saturating
carbons with a gas and the vapor of a liquid. First, six unimpregnated carbons were saturated
with n-butane gas at 26 + 1 °C and 0.77 atm (Los Alamos average barometric pressure). The
gas was passed through vials of dried carbon until no further weight gain was noted. Pore
volumes filled were calculated from weights of adsorbed butane using the reported liquid
density at 25 °C, 0.57 g/mL. Figure 4 shows these volumes to fall below the correlation in
Figure 1. This may be due to incomplete micropore filling above the -0.5 °C boiling point,
even at saturation, and/or to lower actual condensed phase density in the open micropores.

Next, twelve activated carbons (six chemically impregnated) and two Maxsorbs were
saturated over a period of 163 days with ethyl acetate vapors evaporating from a pool of
liquid in a closed container at 26 + 1 °C. The samples were weighed repeatedly until constant
weights were reached. Adsorbed liquid volumes were calculated from weight gains using the
normal liquid density of 0.90 g/mL. Figure 5 shows these ethyl acetate vapor saturation
volumes to approximate the micropore volume correlation from Figure 1 for some carbons
and to be more than 10 % higher for others, especially for the two superactivated Maxsorbs
and the two most highly impregnated carbons (open symbols). Supermicropore and/or
macropore volume filling may explain the high values.
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’ Figure 4. Butane saturation volumes at ambient temperature compared with BET surface
areas.
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Figure 5. Ethyl acetate vapor saturation volumes compared with BET surface areas and the
correlation in Figure 1.
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CONCLUSIONS

Micropore volumes (W,) from Dubinin/Radushkevich adsorption isotherms for

organic vapors can be estimated from BET surface areas (A,) or micropore volumes (Vy)
measured with nitrogen at 77 °K:

W, (cm’/g) = 0.00041 A, (m*/g)
W, (cm’/g) = 1.1 Vy (cm’/g)

Butane gas saturation capacities at ambient temperature gives low values of micropore

volumes when normal liquid density is used to covert from weight to volume adsorbed. Ethyl
acetate saturation capacity is a predictor of W, for unimpregnated activated carbons, but not
for superactivated or highly impregnated carbons.
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