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The adsorption characterstics of activated carbon fibers (ACF) prepared from phenolic precursors were 
examined. Three ACF with specific surface areas of 900, 1610, and 2420 m2/g were used to determine 
the adsorption of volatile organic compounds (VOC) over a range of concentrations in air or nitrogen gas 
streams. Gravimetric adsorption was used both to determine the ACF effective pore volume using several 
individual VOC saturated in nitrogen or air at atmospheric pressure and to determine adsorption isotherms 
of n-butane over a large range of concentrations (49.8 ppmv to 99.5 ~ 0 1 % )  in nitrogen at atmospheric pressure 
and 25 O C .  The experimental results showed that while for saturated adsorption results, where adsorption 
increased with increasing ACF specific surface area, at lower concentrations the ACF with the least specific 
surface area adsorbed more. This low concentration reversal was also observed with acetone (10.3 ppmv) 
in air and benzene (56.5 ppmv) in nitrogen. We conclude that this isotherm crossover results from the 
ACF activation process where the micropores are widened (and the specific surface area concomitantly 
increased) with increasing activation duration and that this crossover is in agreement with predictions of 
the Dubinin-Radushkevich equation. These results are important for the development and design of 
materials for low concentration adsorption applications such as maintaining and improving ambient air 
quality. 

Introduction 
Volatile organic compounds (VOC), often present in 

ambient air at  1 ppbv to 1000 ppmv (parts per million 
based on volume) concentrations,'s2 may contribute to a 
variety of physical symptoms, such as headaches, nausea, 
and dizzine~s.~?~ Such symptoms have been reported 
among workers in office environments, resulting in an 
increased awareness of health problems attributed to poor 
ambient air quality. VOC consist of aromatic compounds 
such as toluene or benzene as well as many aliphatic 
compounds such as n-hexane or 2-methylbutane. Several 
studies5p6 have determined typical levels of VOC found in 
actual building air systems and have generally depended 
on increased ventilation and/or reducing the source 
emissions to reduce concentrations of VOC. Another 
method to consider is the removal of VOC from gas 
streams by adsorption with activated carbon. 

Adsorption of organic gases onto activated carbon is not 
new. Ample literature7-" describes the preparation, ad- 
sorption, and structural properties of activated carbons. 
These carbons have a large specific surface area resulting 
in high adsorption capacity. Although amorphous, acti- 
vated carbons have a structure consisting of layers of 
twisted ribbonlike defective graphite planes. The narrow 
space between sets of graphite planes is often no larger 
than 2 nm and can extend down to molecular dimensions 
as demonstrated by carbon-based molecular sieves.12-14 

Activated carbons have a measurable micropore( <2 
nm)15 volume which is denoted as the effective pore vol- 
ume.16 This nomenclature acknowledges that the size of 
different molecular probes, their packing in the micropores, 
and their interactions with carbon can result in different 
measured micropore volumes for each probe. 

Micropores, rather than the larger macro- and meso- 
pores, are preferentially filled at  low relative pressures 
(adsorbate pressure/saturated adsorbate pressure) due to 
the overlap of attractive forces of opposite pore walls.' 
Within wider pores, attractive forces of opposite pore walls 
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overlap less, effectively lowering the amount of adsorption 
occurring at  low relative pressures in comparison to the 
adsorption within the micropores. In a like manner, mi- 
cropores are primarily responsible for adsorption at  low 
concentrations (ppbv and ppmv) in ambient air environ- 
menta. It is this preferential fiiing of the micropores that 
we wish to explore as a means to optimize adsorption of 
VOC onto activated carbons. Applications of this research 
include development of activated carbons as the basis of 
a control technology designed to maintain and to improve 
ambient air quality. 

Economy and Lin"J8 have demonstrated the prepara- 
tion and adsorption properties of phenolic based activated 
carbon fibers (ACF). ACF are commercially available from 
Nippon Kynol Inc. in three different degrees of activation 
and are prepared by direct activation of a cross-linked 
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phenol-aldehyde fiber at 800-1OOO OC using the products 
of combustion of liquified petroleum gas and air.lg The 
phenolic fiber precursor can be woven into a wide range 
of textile forms before activation. On the basis of mo- 
lecular probe measurementstO ACF are microporous with 
slit-shaped pores similar to those observed with other 
activated carbons.21i22 The ACF have the advantage of 
in situ electrical reactivation and greater rates of adsorp- 
tion over conventional granulated activated carbons."Js 

In this paper we take advantage of the different pore 
structures available with increased activation and describe 
the evaluation of ACFs for use in the adsorption of VOC 
from a gas phase. Experimental results are presented 
describing the adsorption of n-butane, acetone, and 
benzene onto ACF at various concentrations (10 ppmv to 
99.5%) at 25 OC. An unusual crossover in adsorption 
capacity with concentration is reported here for the first 
time. These results are compared qualitatively with the 
predictions of the Dubinin-Radushkevichl' equation for 
three model fibers. 
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Experimental Section 
ACF were obtained from American Knyol, Inc. (New York) with 

three different specific surface areas. The first is ACC-5092-15 
and is denoted ae ACF-15. The second and third are ACC-5092-20 
(ACF-20) and ACC-509-25 (ACF-25). The three ACF were sim- 
ilarly prepared in a proprietary process from a woven phenolic 
precursor with the same activation gases at similar temperatures 
but with increasing activation durations to achieve increasing 
specific surface area. Here ACF-15 has the lowest specific surface 
area and ACF-25 has the highest. The ACF were characterized 
with the Brunauer, Emmett, and Teller (BET) method: scanning 
electron microscopy (SEMI, elemental analysis, X-ray photo- 
electron spectroscopy (XPS), and saturated gas adsorption of 
several VOC. Results from these tests are presented below. 

Although adsorption experiments are often performed under 
vacuum, we have examined the adsorption of VOC onto ACF in 
air or nitrogen at atmospheric pressure. This more closely sim- 
ulates the adsorption environment experienced by VOC in ambient 
air. At room temperature even low boiling point gases, like 
nitrogen, will adsorb to activated carbonsz3 occupying some of 
the available pore volume. This may influence the adsorption 
of VOC by blocking or reducing their access to micropores. 

The adsorption of gases was characterized by a gravimetric 
method using a TGA 951 (TA Instruments, New Castle, DE) 
interfaced with a T A  Instruments 2100 system computer. The 
TGA-951 is a horizontal balance with a side arm quartz tube 
surrounding a platinum pan and quartz balance arm. The hor- 
izontal design minimizes the effects of gas flow rates on the pan 
that are often experienced with vertical designs. A small ceramic 
heater is located around the quartz tube and is controlled to 25 

0.2 "C. The TGA-951 is located on a balance table to minimize 
vibrations and increase stability. A gas flow rate of 60 mL/min 
was controlled with standard rotometers (Linde FM 4601-1111). 
In some experiments two mass flow controllers (FC-280) by Tylan 
General (Torrance, CA) were used to dilute a standard gas con- 
centration to a lower Concentration. 

The certified standard gases used in the experiments were 
certified for concentration and obtained through Matheson, Inc. 
The n-butane in ultrahigh-purity (UHP) nitrogen was obtained 
in 95.8 ppmv, 968 ppmv, 1.01 vol % (percent by volume), and 
9.88 vol % concentrations. In addition research grade 99.5% 
n-butane was obtained. The concentration of benzene was 56.5 
ppmv in UHP nitrogen and the acetone was 10.3 ppmv in hy- 
drocarbon free air. 

Table I. Specific Surface Area and Elemental Composition 
of ACF Samplesa 

ACF surfaceareab C (wt%) H (wt%) 0 (wt%) 
ACF-15 900 92.8 1.04 6.12 
ACF-20 1610 95.4 0.68 3.92 
ACF-25 2420 95.4 0.59 3.97 

(m2/g). 

All ACF samples were initially dried in the TGA-951 with UHP 
nitrogen a t  120 "C for 60 min before cooling to 25 "C. After an 
equilibration time of several hours at 25 "C the inlet line was 
switched over to the gas mixture and the mass change of the 
sample was recorded with time until equilibrium had been reached. 
This equilibrium time was dependent on the concentration of VOC 
in the gas and the adsorption characteristics of the fiber. Sample 
equilibration times as long as 7000 min were needed for some of 
the lowest concentrations (10 ppmv acetone). 

The surface area of the sample was determined with a Mi- 
cromeritics (Norcross, GA) ASAP 2400 using nitrogen a t  liquid 
nitrogen temperatures. The surface area was determined from 
the calculation of a monolayer using the BET equation in the 
relative pressure range 0.01-0.25. 

The effective pore volumes of the ACF samples were deter- 
mined by measuring the mass of adsorbed organic material a t  
equilibrium conditions in saturated gas streams with the TGA-951 
at 25 "C. All ACF samples were initially dried in the TGA-951 
with UHP nitrogen at 120 "C for 60 min before cooling to 25 "C. 
After an equilibration time of several hours at 25 "C the inlet line 
was switched over to a gas stream saturated with acetone, benzene, 
cyclohexane, toluene, or l,l,l-trichloroethane and the mass change 
of the sample was recorded with time until equilibrium had been 
reached. The adsorbates were assumed to condense in the pores 
and the effective pore volume was determined by converting the 
mass of the adsorbed adsorbate to a liquid volume using the 
adsorbate's liquid density. The saturated gas streams were 
prepared by bubbling nitrogen at 60 mL/min through the liquid 
of interest a t  room temperature. 

Elemental analysis was used to determine the amount of carbon, 
hydrogen and nitrogen in the virgin ACF sample using a com- 
bustion tube technique.24 A Model 240XA elemental analyzer 
(Control Equipment Corp.) was used to characterize the amounts 
of carbon, hydrogen, and nitrogen in the ACF. Oxygen was 
determined by mass difference assuming the ACF consisted only 
of carbon, hydrogen, nitrogen, and oxygen. 
XPS analysis was used to verify the oxygen content on the ACF 

surface and also to describe the functional groups on the sur- 
f a ~ e . 2 " ~ ~  This was carried out with a PHI 5400 (Perkin-Elmer 
Corp., PE Div., Eden Prairie, MN). A magnesium anode and a 
spot size of 3 mm were used. XPS analysis requires the sample 
to be placed in ultrahigh vacuum; thus, the ACF samples were 
dried at 120 OC for 2 days to remove volatile5 adsorbed before 
being placed in the XPS chamber. 

All samples had <0.05% nitrogen. BET specific surface area 

Results and Discussion 
The measured specific surface areas of ACF-15, ACF-20, 

and ACF-25 fibers were 900, 1610, and 2420 m2/g, re- 
spectively, with each ACF exhibiting a type I isotherm 
typical of microporous materials. Only ACF-25 showed 
a trace amount of desorption hysteresis, indicating some 
mesopore character. Increased ACF specific surface area 
is obtained by activating the fibers under the same con- 
ditions17J9 but for a greater duration. The specific surface 
area results are summarized in Table I, along with the 
results from the elemental analysis. 
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Figure 1. XPS spectrum of ACF-80 showing the deconvolution 
of the main spectral line into its functional components. 

Table 11. XPS Deconvolution of the Carbon 1s Peak Areaa 
carbon 

ACF (graphite) hydroxyl quinone carboxylic 
ACF-15 46.0 33.5 10.3 4.1 
ACF-20 50.9 27.9 9.3 5.6 
ACF-25 54.7 24.4 8.4 5.7 

OPercent by mass of total carbon existing in a particular form. 

Table 111. Comparison of Carbon/Oxygen Mass Ratios with 
XPS and Elemental Analysis 

ACF C/O (XPS) C/O (elemental) 
ACF-15 19.0 15.2 
ACF-20 23.8 24.3 
ACF-25 27.3 24.0 

Elemental analysis revealed the ACF are greater than 
92 % by mass carbon with less than 1 % by mass hydrogen 
and no nitrogen. The remainder is assumed to be oxygen 
and is present at  4 4 %  by mass and exists as quinones, 
phenols, and carboxylic acid groups. 
XPS allows us to determine the elemental composition 

on the surface of the ACF. XPS experiments with these 
fibers found two peaks at  284 eV (C1J and 534 eV (Ols). 
The carbon signal, shown in a spectrum of ACF-20 (Figure 
l), allows us to determine the ratio of carbon-based 
functional groups. It has a broad asymmetric shape ex- 
tending from 282 to 294 eV, indicating several carbon 
species of different binding energies. This signal was de- 
convoluted, suggesting three functional groups28 shifted 
from the main carbon line at 284 eV. The area of Gaussian 
fit to these shifts at 284.0 (hydrocarbon), 284.7 (hydroxyl), 
286.8 (carbonyl), and 288.8 eV (carboxyl) represents the 
relative amount of these functional groups. The peak at  
290.5 eV is due to a ?r-electron cloud often observed in 
graphite. Only 5.6% by mass of the carbon exists as 
carboxyl, 9.3% by mass as quinone, and 27.9% mass as 
hydroxyl. Similar results were obtained for all three fibers 
as summarized in Table 11. Similar surface functional 
groups on all three fibers suggests that the chemical 
properties and thus their chemical interactions with VOC 
should be similar. 

The oxygen signal shows that the oxygen does not lie 
only on the surface of the fiber but throughout the entire 
fiber. This is shown by comparing the XPS results with 
the combustion tube elemental results. XPS is a surface 
analysis technique and is limited to the depths of only 
30-100 A below the fibers' surfacen while the combustion 
tube technique determines the elemental composition of 
the entire fiber. The carbon to oxygen ratio of the XPS 

Figure 2. SEM image of the outside of an ACF-20 fiber (6 
enlargement). 

Table IV. Effective Pore Volume for Select VOCs 

lox 

adsorbent (vol adsorbed cm3/g) 
adsorbate ACF-15 ACF-20 ACF-25 

acetone 0.326 0.613 0.859 
cyclohexane 0.314 0.638 0.805 
benzene 0.323 0.653 0.849 
toluene 0.345 0.632 0.877 
l,l,l-trichloroethane 0.319 0.643 0.834 
mean pore vola 0.325 0.636 0.845 
std dev 0.012 0.015 0.027 

Ocm3 of adsorbate/g of ACF at 25 "C. 

results (Table 111) agree with the previous elemental results 
obtained using the combustion tube technique. This 
agreement with the carbon to oxygen ratios between the 
elemental analysis and XPS suggests that oxygen is uni- 
formly distributed across the diameter of the fiber. 

The fibers were examined with SEM to determine the 
effects that longer activation times might have on surface 
topography. The outside surface of a typical ACF-20 fiber 
is shown in Figure 2. It shows a smooth surface with 
numerous intrusions up to 500 A. These intrusions may 
serve as transition pores and have been reported to in- 
crease the rate of adsorption of activated carbons by al- 
lowing the gas to more quickly reach micropores located 
in the interior of the fiber.29 These intrusions were con- 
firmed with neutron ~ca t t e r ing .~~  We were not able to 
discern any difference in surface appearance between the 
three ACF within the limits of SEM resolution available. 

The effective pore volume (cm3 of adsorbate/g of ACF) 
was measured for each ACF with a series of VOC and 
found to increase with increasing duration of activation 
correlating well with the effective surface area. ACF-25 
had the greatest effective pore volume followed next by 
ACF-20 and finally ACF-15. Table IV shows a mean ef- 

(29) Hayes, J. S., Jr. Novoloid Nonwovens; Nonwoven Symposium, 

(30) Kieffer, J. Investigations of the Transitional Pore Structure of 
(28) Wagner, C. D.; Riggs, W. M.; Davis, L. E.; Molder, J. S.; Mui- 

lenberg, G. E. Handbook of Photoelectron Spectroscopy; Perkin-Elmer, 
Physical Electronics Division: Eden Prairie, MN, 1979. 
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Figure 3. Weight gain of ACF at 99.5% n-butane. 

fective pore volume of 0.325 cm3/g for ACF-15 with a 
standard deviation of 0.012 cm3/g. The mean effective 
pore volume for ACF-20 was 0.636 cm3/g and for ACF-25 
it was 0.845 cm3/g with standard deviations of 0.015 and 
0.027 cm3/g, respectively. The similarity between volume 
adsorbed onto each ACF for differing adsorbates is con- 
sistent with the Gurvitsch rule31 indicating that different 
adsorbates adsorb onto an adsorbent with the same liquid 
volume. Note the Gurvitsch rule is not necessarily followed 
when adsorbates of large dimension are used compared to 
the pore dimensions. 
Gas adsorption experiments yielded the most surprising 

results. When a 99.5 vol % concentration of n-butane in 
nitrogen was used, the fibers adsorbed as expected with 
ACF-25 adsorbing the greatest amount of n-butane and 
ACF-15 adsorbing the least, consistent with the trend of 
increasing effective pore volume for ACF samples of in- 
creasing specific surface areas. A set of typical gas ad- 
sorption results are shown in Figure 3 where ACF-25 ad- 
sorbs 49.8 wt %, ACF-20 adsorbs 37.1 wt %, and ACF-15 
adsorbs 22.9 wt 9% of n-butane at  equilibrium. 

On the other hand at  lower adsorbate concentrations, 
we observed a reverse of the correlation with specific 
surface area. Thus for 95.8 ppmv n-butane (Figure 4) a 
complete reversal in adsorption is observed compared to 
adsorption behavior of 99.5 vol % n-butane. Here, at  
equilibrium, ACF-15 adsorbs the most at 5.6 wt % , ACF-20 
adsorbs 3.6 wt %, and ACF-25 is lowest at  2.1 wt %. 

A summary of the n-butane adsorption isotherm on ACF 
for a range of n-butane concentrations from 48.3 ppmv to 
99.5% n-butane is shown in Figure 5. There are several 
features to note on this log-log plot. The most important 
is the crossover point observed near 5000 ppmv. Below 
this crossover point the ACF-15 is the greatest adsorber, 
but above this point the ACF-15 adsorption remains nearly 
constant while ACF-20 and ACF-25 adsorption continues 
to increase with concentration. 

0 J 

(31) Gurvitach, L. J. Phys. Chem. SOC. Russ. 1915,47, 805. 

/ 
I 
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Figure 4. Weight gain of ACF at 95.8 ppmv n-butane in nitrogen. 
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Figure 7. Weight gain of ACF at 10.3 ppmv acetone. 

the fibers have similar chemical and external surface 
characteristics the preferential filling of micropores rep- 
resents the most likely explanation of the low concentra- 
tion isotherm reversal. If preferential micropore filling at  
low adsorbate concentration is indeed occurring with the 
smallest pore sizes filling first, as is generally believed,'J1 
and since the more activated surfaces adsorb less adsorbate 
at  low adsorbate concentrations, then one can conclude 
that there is a decreasing number of smaller pores available 

Foster et al. 

in the more activated surfaces. 
One possible interpretation of these results is that the 

activation process etches the pores wider, changing the 
adsorption behavior of these fibers. Kasaoka et alam have 
activated phenolic fibers to various degrees and examined 
the aqueous adsorption properties using a number of or- 
ganic dyes of various geometric sizes in order to determine 
the molecular sieving behavior of the resulting activated 
fibers. These researchers found that the fibers did have 
adsorbate size-dependent adsorption and that fibers of 
increasing activation allowed progressively larger adsor- 
bates to enter the pores to adsorb. The researchers con- 
cluded that the activation process did have the effect of 
increasing the pore width. This increasing pore width may 
decrease the number of smaller micropores so important 
to low concentration adsorption. 

What is not clear from the Kasaoka et al. study is the 
effects that this activation process has on the pore size 
distribution. One can imagine that the entire distribution 
is shifted to a greater mean effective pore size perhaps 
maintaining its shape or possibly developing a skewed 
distribution. This explanation of increasing pore size 
agrees with the results presented in this paper. If many 
of the smaller pores are widened by the activation process, 
there will be fewer pores to adsorb at  low concentrations 
and more pores to adsorb at  higher concentrations. Un- 
fortunately, neither our results nor those of Kasaoka et al. 
permit any conclusions as to the shape of the micropore 
distribution, although we can state that with increasing 
activation duration there are fewer smaller pores and a 
greater number of larger pores, in the ACF. 

We can examine the adsorption behavior numerically 
with a series of theoretical fibers using the Dubinin-Ra- 
dushkevich (DR) equati0n.l' The DR equation is32 

W = Wo exp[-(A/PE~)~l (1) 

A = -AG = RT In (Po/P) (2) 
In eq 1 W is the volume of adsorbate adsorbed per gram 

of carbon and Wo is the total micropore volume (cm3/g); 
A is the differential molar work equal to the negative of 
the differential Gibbs free energy (AG); P is a similarity 
coefficient comparing the characteristic free energies of 
adsorption for a test and reference vapor, and Eo is the 
characteristic adsorption energy for standard vapor (often 
benzene). In eq 2 Po is the saturated adsorption pressure 
and P is the pressure of interest; R is the universal gas 
constant and T the absolute adsorption temperature. 

The parameters of interest for this equation are Wo and 
Eo. We can measure Wo and Dubinin and P l a ~ n i k ~ ~  have 
shown with a small-angle X-ray scattering technique ap- 
plied to microporus carbons that the relationship between 
the slit-pore half-width xo and Eo for a standard vapor 
benzene at  293 K is given by 

X O  = k /Eo  (3) 
where k is a structural factor in kJ nm/mol and was de- 
termined to be 12.0 for xo in the range 0.4-1.5 nm.33 

Equations 2 and 3 can be substituted into eq 1 and 
plotted three dimensionally as a function of PIP,, xo, and 
cm3 of adsorption/g of carbon (Figure 8) to show the effect 
the mean micropore size has on the adsorption isotherm 
shape. A micropore volume of 0.325 cm3/g of adsorbent 
was used for Wo, T was equal to 298 K, P was set to 1.0, 

where 

(32) Dubinin, M. M. Carbon 1989,27, 457. 
(33) Plavnik, G. M.; Dubinin, M. M. Izo. Akad. Nauk SSSR, Ser. 

Khim. 1966, 620. 
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Figure 8. Three-dimensional view of results from Dubinin- 
Radushkevich equation that describes the adsorption as a function 
of relative pressure and pore half-width (x& 

and R was equal to 8.31 J/mol K. The half-width, xo, was 
varied from 0.1 to 2.0 nm while PIPo was varied from 0 
to 1. 

In Figure 8 we see that most of the surface is flat and 
equal to Wo, but as pore dimensions become larger the 
surface of the plot dips downward at low PIPo, indicating 
less adsorbate adsorbed. The larger pores do not benefit 
from the overlapping adsorption potential of opposite pore 
walls and thus do not experience the enhanced adsorption 
observed for the smaller pores. 

A set of three theoretical fibers modeled with the DR 
equation can be used to demonstrate the crossover point 
observed in the experimental results. Each of the three 
activated fibers, designated A, B, and C, have a normal 
distribution of pore sizes but with increasing mean no and 
Wo. Wo for each fiber (A, B, C) was chosen to match the 
experimental micropore volume measured for ACF-15, 
ACF-20, and ACF-25, respectively, and the constants T, 
8, and R were set to be the same as in the previous example 
presented in Figure 8 (i.e., T = 298 K, @ = 1, and R = 8.31 
J/mol K). The mean xo was set to 0.8, 1.3, and 1.6 nm, 
respectively, for fiber A, B, and C. Substituting these 
values into eq 1 results in Figure 9, a plot of cm3 of ad- 
sorbate adsorbed/g of fiber as a function of PIPo. 

This figure is similar in shape to that generated ex- 
perimentally (Figure 5). At low PIPo the fiber A, with the 
lowest value for Wo and xo, adsorbs the most at low ad- 
sorbate concentrtion but above the crossover point fiber 
C, with the highest value for Wo and xo, adsorbs the most. 
We cannot presently measure xo but are setting up in- 
strumentation to determine the mean xo of the ACF sam- 
ples with argon and nitrogen at their respective boiling 
points. This will allow us to compare the experimental and 
theoretical results quantitatively. 

It is important to recognize that materials designed for 
the removal of VOC in low concentration environments 
require the adsorbent to have numerous and as narrow of 
micropores as possible while still allowing the molecules 
into the pores. Surface area or its resulting effective pore 
volume alone is not an adequate design parameter. The 
micropore size and its distribution are the important pa- 
rameters. 
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Figure 9. Adsorption properties of three theoretical fibers as 
a function of the relative pressure using the Dubinin-Radush- 
kevich equation. Pore volume and mean pore size are different 
for each fiber. 

Summary and Conclusions 
Effective pore volume of these fibers was determined 

with the adsorption of an individual VOC saturated in 
nitrogen and was found to increase with duration of ac- 
tivation as expected. In contrast, at  low adsorbate con- 
centrations, the amount of equilibrium adsorption of n- 
butane (49.8 ppmv), acetone (10.3 ppmv), and benzene 
(56.5 ppmv) in nitrogen or air was found to decrease with 
increasing duration of activation. That is, at low concen- 
trations, ACF with the least pore volume adsorbed the 
greatest amount of adsorbate. This could be explained by 
a micropore filling process where the smaller micropores 
are preferentially filled at lower concentrations. It was 
concluded that the fibers with least activation had a greater 
volume of small width micropores than the highly activated 
fibers. It is hypothesized that the duration of activation 
acts to enlarge the micropores shifting the distribution of 
pores to higher mean pore sizes. 

This hypothesis of the relationship between activation 
and pore size was further demonstrated with the Dubi- 
nin-Radushkevich equation. With a series of three theo- 
retical fibers with both increasing mean micropore half- 
width (xo) and total pore volume ( Wo) the resulting ad- 
sorption isotherm was qualitatively similar to the exper- 
imental adsorption isotherm observed with n-butane in- 
cluding the crossover point. 

Characterizing the shape of the micropore distribution 
and learning how to control it during activation is critical 
to the optimization of these materials for a variety of ad- 
sorption applications including maintaining and improving 
ambient air quality. These studies are currently underway 
along with evaluating the effect of chemically modifying 
the carbon surface. 
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