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Diffusion of Volatile Organic Chemicals in Porous Media.
2. Alcohol/Templated Porous Carbon Systems
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The aim of the present report was to measure the diffusion coefficients, modes of transport, and activation
energies of some alcohols into templated porous carbons. Diffusion coefficients and activation energies of
methanol, ethanoh-propanol, anai-butanol into the templated porous carbons were measured, and the modes
of transport of alcohols was determined at-28 °C. As the molecular weight of the alcohols increased,
diffusion coefficients decreased and activation energy for diffusion increased. The diffusion constants increased
linearly with an increase in the temperature. The diffusion of alcohols in the porous carbons obeyed the
anomalous transport mechanism. With increasing molecular weight of the volatile alcohols, the activation
energies also increased.

Introduction of pores in materials of similar compositions can be very
different, depending on the method of synthesis.

Since they have hydrophobic surfaces, high surface area, large
pore volumes, chemical inertness, good mechanical stability,
and good thermal stability, porous carbons are widely used as
industrial adsorbentsApplication areas are wide including gas
separation, water purification, catalyst support, chromatography
columns, storage of natural gas, and use as electrodes of an
electric double-layer capacitor.

Diffusion plays an essential role in most phenomena occurring
molecules in porous media, e.g., it favors adsorption, makes
separation of similar molecules effective, and drives chemical
reactions both on the reagent side to lead the reactants into the
active sites and on the product side to select and extract the
species resulting from the reaction. Various techniques for
the measurement of intracrystalline diffusion have been
developed23 which widely vary in scope, degree of experi-
mental and theoretical sophistication, and range of applicability.

Seferinoglu and Yiim,! and recently Sakintuna et &l.,
proposed a calculation method for the measurement of coef-
ficients of diffusion of volatile chemicals into porous media.
The calculations of diffusion coefficients, modes of transport,
and activation energies of some alcohols into the mesoporous
carbons in the present study are based on these régorts.

Ordered mesoporous carbons (OMCs) make up a class of
nanomaterials which were greatly developed in the last decade.
Many recipes have been suggested to synthesize new OMCs OEO
complex assemblies by using different carbon precursors and
optimizing synthesis conditions (see the review article and
references thereirf)In recent years, there has been growing
interest in the new applications of OMCs because of their ability
to interact with molecules not only with their surfaces but also
in the bulk of the materiat-16 The size distribution and topology
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convenient method of analysis involves fitting the sorption data diffusion coefficient, constant throughout the proces3 $m),
to empirical eq 2 It is possible to express the initial rate of tis the time (s)r is the distance from the particle center (m),
diffusional solvent penetration in terms of the equation: C is the initial solid phase concentration (mol c# andrg is
the particle radius (m). The exact solution of eq 2 is eq 3 for
gas phase diffusion to the solid soldfe.

Assuming the zeolite particles are of spherical shape, the
solution of Fick’s second law of diffusion in spherical systems
gives-31

L=k 1)

where M; is the amount of solvent diffused in the macro-
molecular structure at timg¢ M., is the amount of solvent
diffused at steady stateis the release timdis the rate constant 12N T ex [{—Dnznz—) 3)
which depends on structural characteristics of the system, and M 2L 2 2

nis an exponent characteristic of the mode of transport of the ® = a

solvent in the porous structure which varies with diffusion \yhere M, and M., represent the amount of solvent diffused

mechanism and particle geometry. entering the spheres with radiasat timest and steady state,
Sorption mechanisms in macromolecular systems such asyegpectively, andh is an integer coming from the solvation of

solid coals may be defined in terms of two limiting cases of Fick's second law.D is the coefficient of diffusion of the

Fickian diffusion and case Il transpftWhenn = 0.5, the  gqent. This equation is based on the assumption that the
solute diffuses through and is released from the adsorbent withyaticle radius does not change, which is true for zeolite

a quasi-Fickian diffusion mechanism. For valuesnof 0.5, particles. The solution to eq 3 is given by ed.
non-Fickian solute diffusion is observed. Wher 0.85, case

M, 621

Il transport occurs, and valueswbetween 0.5 and 1.0 indicate M, Dt\2/2 ® na Dt
anomalous transport. Values abave= 0.85 are possible and —=6[—| [#Y2+2Fierfc -3 @
are termed “super-case II”. It is important that cited work M, a = /(Dt) a2

showed that the expected valuesiafre sensitive to the assumed
particle shape. For an infinite plain sheet, the values would be For small times, eq 4 approximates to
0.5 and 1.0 for Fickian and pure case I, respectively, and in

the case of an infinite cylinder, 0.45 and 0.89, respecti¥ely. M, Dt1¥2 3Dt
There may be differences in the diffusion behavior of different M ﬂ_az - ? ®)

sections of the zeolite. Thus, the valuesnatan be used only
as a rough guide as to the nature of the process. Different
andk values can be found in the literatif&Equation 1 is useful is found from the slope of a plot d¥l/M..versust'2
for preliminary analysis of sorption data, although it may be  pjffusion is an activated process, i.e., to occur it requires
used up to 60% of the final weight of penetrant imbibed and it gvercoming an energy barrier. Other activated processes are
has no provisions for analysis of details, such as inflections or foynd in zeolites, the most common examples being the
penetrant loss with im&:?2”In the graph of Ini1/Mx) versus  adsorption of a molecule which from a gas or a liquid enters
In't, In k is the intercept and is the slope:®® _into the micropores and, especially, chemical reactions occurring
When a porous adsorbent system is placed in contact with @jn the channel and cavities. If the activation energy is smaller
solvent (penetrant) gas, diffusion of the penetrant in the porous than, equal to, or slightly larger than the available thermal energy
material may be followed by measuring the uptake of the .1 the probability of overcoming the energy barrier is
solvent. Diffusion in the silicalite crystals can be described by gyfficiently high to allow the activated process to occur for a
Fickian diffusion with concentration-independent diffusivity, statistically meaningful number of times during a reasonably

In Fick formulation, the driving force for diffusive transportis  |ong simulation. Activation energies of diffusion are calculated
the gradient of chemical potential of concentration, rather than ysing the equation below:

the gradient of concentratid.The kinetics of the diffusion

Neglecting the contribution of the ternD#a?, the value oD

into the sphere in Fick formulation is expressed by €§ 3. D= Doe—EA/RT (6)
The diffusion coefficient is supposed to be constant. The basic
equation, in spherical coordinates, to be solved is Ex
InD=InD0—ﬁ_ @)
aC, ¥#C, 20C,
ot \g2 roar 2 whereDy is a temperature-independent preexponentidls(i)
andE, is the activation energy for diffusiof.
with the initial conditions In this study, the diffusion coefficients, modes of transport,
and activation energies of some alcohols into the porous carbons
C,=¢C, forr=r, att>0 were studied. A templated carbonization method was proposed

for the synthesis of porous carbons. Natural zeolite has been
used as an inorganic template used to synthesize porous carbon
materials. Templating, the process of filling the external and/
or internal pores of an inorganic material with a carbon precursor

Ciy(ry)=C=const forO<r <rq att=0

whereC, is the solid phase concentration (mol i) D is the
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Figure 1. SEM image of natural zeolite templated carbon, carbonized af@00

and chemically separating the resulting material from the distribution was calculated using a procedure developed by Barrett

template, was used in this survey. et al3® A Leo Supra 35VP field emission scanning electron
The template carbonization method allows one to control Microscope (SEM), Leo 32, was used for imaging. Imaging was

carbon structure in terms of various aspects such as poredenerally done at an accelerating voltage ef5keV, using the

structure and microscopic morphology, which makes this secondary eleciron imaging techpique. . .
method very attractive. The synthesis conditions and type of | G%negalt_Pr_oc?ﬁure Olf Mt%a?junng Cgefﬁg%nt.lst of D'ﬁlljsé)on'
template introduce controllable features to the resulting carbon n adiabatic isothermal settipdesigned and built in our labora-

roduct. To control the pore diameter of the borous carbons is tories was used in the diffusion experiments. A Sartorius CP 124S
P : P p analytical balance with a 0.0001 g accuracy was placed in a

very essential in industrial applications. The presence of \jemmert Model 300 laboratory oven. At the start of the experi-
micropores is essential for the adsorption of small gas moleculesment, approximately 1.0000 g of 100% degassed with heating
on activated carbons. However, when the adsorbates arecarbon sample was evenly distributed in a Petri dish and its initial
polymers, dyes, or vitamins, only mesopores allow the adsorp- weight was recorded. Four wide beakers filled with a total of 200
tion of such giant molecules. Also, nanostructured carbon mL alcohol were used in each experiment, and they were placed
materials are potentially of great technological interest for the in the closest vicinity of the balance pan. The temperature of the

development of new catalysts, electronic components, fuel cell €xPeriment was set, and the system was closed. After the temper-
components, and hydrogen storage equipment. The aim of thedture reached a constant set value 228.0°C, the weight increase
present report was to measure the diffusion coefficients, modes?! (€ carbon due to alcohol vapor uptake was recorded every 5 s

f t and activati ; f Icohols into th with the aid of Sarto Connect software installed on the PC. The
of transport, and aclivation energies of Some alconois Into the experiment was continued until the software collected 2000 data

porous structure of the templated porous carbons. points, and a constant weight was attained. All experiments were
repeated at least five times.
Experimental Section Calculation of coefficients of diffusion, modes of transport, and

activation energies of simple alcohols into porous carbons was based
on a previous reports? For the calculation of coefficients of
diffusion, the following assumptions are made: the diffusion
mechanism obeys Fick’s law, the crystallites possess spherical
shape, the concentration profile of the sorbed gas in these spheres
shows radial symmetry, the diffusion is assumed to be isotropic, it
can be described by a single diffusion coefficient rather than a
diffusion tensor, and the diffusion coefficient does not depend on
sorbate concentration.

Materials. Turkish Manisa Gudes zeolite clinoptilolite, obtained
from Enli Mining Corp., Izmir, Turkey (95% clinoptilolite), was
used as the templating agent in the present study. Clinoptilolite
was the predominant zeolite mineral produced in Turkey, especially
in the Gades area, about 130 km northeast of Manisa.

The solvents, methanol, ethanelpropanol, anch-butanol, were
purchased from Aldrich, and they were used as received.

Procedure of the Synthesis of Natural Zeolite Templated
Porous Carbons Obtained from Furfuryl Alcohol (FA). An
excess of FA was mixed with zeolite in a ratio of 10 mL FA per

gram zeolite, at room temperature for 5 days. The zeolite and FA Results and Discussion
mixture was then centrifuged at 2500 rpm for 30 min. The FA - o o
impregnated zeolite was polymerized at°@for 24 h under argon Diffusion coefficients, modes of transport, and activation

flow at 110 mL mir*, after which the temperature was raised to energies of simple alcohols into the porous structure of a Turkish
150°Cfor8 h. To carboglze, the Polymerlzed FA/zeolite composite natural zeolite, which was used in the present study, were studied
was heated to 7681000°C at a 5°C min* rate and dwelled there  previously by Sakintuna et aln the present report, the diffusion

for 3 h. The carbonized FA/zeolite composite was mixed with HF ot 5c0hols into zeolite templated porous carbons was investi-

for 24 h. The resulting carbon was filtered and washed three times gated

with water (200 mL each) and dried in an oven at 200 '
Characterization of Templated Porous CarbonsThe surface

area (BETJ*3 of the templated carbons was determined using a (34) Brunauer, S.; Deming, L. S.; Deming, W. E.; TellerJEAm. Chem.

Micromeritics ASAP .200.0 inStrum.ent' The measurement was Soféé?%?uﬁgui?,gé.; Deming, L. S.; Deming, W. E.; TellerJEAm. Chem.

performed at the liquid nitrogen boiling point of 77 K. The BET = g4¢ 194q 62, 1723-1732.

surface area of the templated carbons was determined from the (36) Barrett, E. P.; Jayner, L. G.; Halenda, PJHAmM. Chem. So951,

adsorption isotherms for the degassed sample. The pore volumer3, 373.
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& 0,006 - A Table 1. Coefficients of Diffusion of Volatile Alcohols in Natural
£ Zeolite Templated Porous Carbon, Carbonized at 700C
=]
S alcohol type T(°C) D (m?s)
> 0,004 -
® 4 methanol 24.0 2.0% 10714
5 %‘“ 26.0 2.95x 10714
=3 28.0 3.37x 1074
.g 00 002 - ethanol 24.0 9.9& 10715
- 26.0 1.54x 1074
= 28.0 2.49x 10714
& n-propanol 24.0 8.5% 10715
=] 0 - ‘ 26.0 1.96x 1074
10 100 1000 28.0 2.11x 104
n-butanol 24.0 1.5% 10715
26.0 2.97x 10715
aEa“ 0,006 - B 28.0 5.21x 10715
% Table 2. Coefficients of Diffusion of Volatile Alcohols in Natural
> 0,004 - Zeolite Templated Porous Carbon, Carbonized at 800C
@
= %" alcohol type T(°C) D (m2s7Y)
A~ 5
= 8 methanol 24.0 1.3k 10
£ 0,002 - 26.0 1.87x 10714
g 28.0 2.37x 10714
3 ethanol 24.0 1.1& 10714
& 26.0 1.25x 104
_ 0 ‘ T T 28.0 2.52x 10714
10 100 1000 n-propanol 24.0 3.8% 1071
26.0 1.12x 1074
s 0,006 28.0 1.81x 10714
£ c n-butanol 24.0 1.45 10715
%‘ 26.0 3.00x 10715
> 28.0 4.10x 10715
o 0,004 -
5 %‘) Table 3. Coefficients of Diffusion of Volatile Alcohols in Natural
& > Zeolite Templated Porous Carbon, Carbonized at 900C
R O
E 0,002 - alcohol type T(°C) D (m?s)
g methanol 24.0 1.92 104
& 26.0 2.41x 10714
= 0 - — = 28.0 2.86x 10714
ethanol 24.0 1.2k 10714
10 100 1000 26.0 1.41x 1074
28.0 2.13x 10714
«~ 0,006
“E’ D n-propanol 24.0 7.85% 10715
= 26.0 1.57x 10714
>° 28.0 1.66x 10714
> w°,°°4 1 n-butanol 24.0 3.2k 10715
S 3 26.0 5.00x 1071
=3 28.0 7.99x 10715
£ 70,002 -
g Table 4. Coefficients of Diffusion of Volatile Alcohols in Natural
E Zeolite Templated Porous Carbon, Carbonized at 1000C
Qi
a 0 ———— T —— alcohol type T(°C) D (m?s™?)
10 100 1000 methanol 24.0 1.4% 10714
Pore Diameter, A 26.0 1.86x 10°14
Figure 2. Pore size distribution of natural zeolite templated carbons, 28.0 2.18x 10714
carbonized at (A) 700, (B) 800, (C) 900, and (D) 10WD ethanol 24.0 15% 1071
26.0 2.08x 10~
Poly(furfuryl alcohol) (PFA) was carbonized inside the natural 28.0 2.35x 10714
zeolite clinoptilolite channels at different temperatures. Porous n-propanol 24.0 7.2% 1(Tij
carbons were obtained after HF washing of the template. BET gg'g if’éi igm
surface areas of natural zeolite templated carbons were 397, n-butanol 240 2. 4% 10-15
350, 405, and 367 fng~! at 700, 800, 900, and 100TC, 26.0 2.51x 10715
respectively. BET surface areas seemed to show almost no 28.0 7.46x 10715

change with increasing temperature. SEM images of natural n-butanol at 24.0, 26.0, and 28.Q into porous carbons which

zeolite templated carbon, carbonized at 7G0shown in Figure were carbonized at 700, 800, 900, and 10Q0are presented

1, indicated that the zeolite framework is reflected in the in Tables -4, respectively.

templated porous carbon. The pore size distribution of natural In all of the carbons, the coefficients of diffusion of alcohols

zeolite templated carbons were shown in Figure 2. The averageincreased with an increase in the diffusion temperature due to

pore diameter of porous carbons, carbonized at 700, 800, 900the higher mobility of volatile molecules. The coefficient of

and 1000°C, was measured as 11 nm and indicated the presenceliffusion of methanol in the porous carbon, carbonized at 700

of pores of mainly mesoporous nature. °C, increased from 2.05 1071%to0 3.37x 10 m?2 g~* when
Alcohol Uptake and Coefficients of Diffusion. The coef- the diffusion temperature was elevated from 24.0 to 2&0

ficients of diffusion of methanol, ethanoh-propanol, and respectively.
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Seferinoglu and Yrim! also observed that the diffusion of Table 5. Diffusion Rate Constants, Diffusion Exponents, and
pyridine in coal increased with increasing temperature. Prasetyo Tra”SpTO“ ’\"leghéigsms OfCVOLat"e CA'CghO'_S N Nta%rg'czeo“fe
et al%" studied the surface diffusion of hydrocarbon vapors on emplated Forous t-arbon, --arbonized a

activated carbon by using a constant molar flow method. They activation energy
concluded that the surface diffusivity increases with temperature 2/coholtype T(°C) k(s n R ofdiffusion (ki/mol)
according to the Arrhenius law and decreases with the molecular methanol 240 3.1%10* 0.96 0.984 92.3
weight of the adsorbate. Sakintuna et?dhvestigated the 260 1.33<107 073 0.983
gl . ; 28.0 5.15x 103 0.62 0.966
diffusion of simple alcohols into the porous structure of natural = gy,210 240 3.94 104 100 0963 169.7
zeolite. The diffusion constants increased linearly with an 26.0 7.38x 104 0.99 0.969
increase in the temperatute. 280 4.30x 10% 0.71 0.953
The higher the molecular weight of the alcohol, the lower ™Propanol 240 2.5510°% 1.00 0.995 167.8
- DA . 26.0 2.90x 104 1.00 0.991
the coefficient of diffusion observed in all porous carbons, 280 2.00x 103 069 0988
carbonized at different temperatures, owing to steric hindrances. n-butanol 240 115 104 1.00 0994 220.7
The diffusion of methanol in the porous carbons seemed to be 26.0 3.31x 104 1.00 0.985
less, compared to those of the other alcohols. The coefficients 280 1.18<10°° 095 0.970
of diffusion of methanol, ethanoh—propanol, and-butanol in Table 6. Diffusion Rate Constants, Diffusion Exponents, and
the porousl;:arbon, Cafblosnlzeg at 7um), Welge 22-05>l< 10714, Transport Mechanisms of Volatile Alcohols in Natural Zeolite
9.98 x 1071, 8.57x 107 %, and 1.59x 10 m* g+ at 24.0 Templated Porous Carbon, Carbonized at 800C
°C, respectively. Prasetyo et#lstudied the surface diffusion activation energy
of ethanol under constant flow over the porous carbons. alcoholtype T(°C)  k(s}) n R of diffusion (kJ mot™)
Coefficients of diffusion measured by these workers are much " aihanol 240 53% 104 0.98 0935 1111
higher (7.09x 1071t m? s™1) than those measured in the present 26.0 3.82x 103 0.67 0.945
work. 28.0 4.14x 1073 0.67 0.948
Do and co-workeR$4° proposed a model for diffusion of ~ €thanol 240 4.1« 10; 0.98 0.998 140.7
o / : 26.0 3.19x 103 0.62 0.996
adsorbed species in activated carbon. In that model, it was 280 4.28x 102 054 0.998
assumed that the carbon is composed of units of graphitic layers. n-propanol  24.0 3.6k 105 1.00 0.990 191.2
Molecules enter one end of the unit, diffuse within the graphitic 26.0 5.87x10* 0.99 0.977
units, and then evaporate from the other end of the unit. The 28.0 2.82x 1(Tj 0.74 0.976
process of entering the pore and leaving the pore would have -butanol 2264'00 43'519§ 1g4 1'88 g'ggg 193.0
energy equivalent to that of adsorption. Therefore, the “ob- 280 861x 104 096 0967
served” activation energy for surface diffusion will fall between
the activation energy for diffusion within the graphitic unit and Table 7. Diffusion Rate Constants, Diffusion Exponents, and

Transport Mechanisms of Volatile Alcohols in Natural Zeolite

the heat of adsorption. This seems reasonable as, for larger Templated Porous Carbon, Carbonized at 900C

molecules, one would expect that the penetration into the —"
graphitic network is more difficult than that of smaller mol- . ~ activation energy

o Icohol type T (°C k(st R of diff kJ motL
ecules. This is the case that one would observe for a carbonsoo > YPe () ) n of diffusion (kJ mor™)

molecular sieve. methanol ~ 24.0 1.9& 1@2 0.85 0.992 74.2
The coefficients of diffusion of methanol into natural zeolite 2218 i:ggi 1&3 8:% 8;3%
which was used a template in the present study, at 24.0, 26.0, ethanol 24.0 4.8% 104 1.00 0.983 104.4
and 28°C were measured as 4.5310714 4.76 x 1074, and gg-g Zggx 1?31 (1)-38 g-gg;
5.00x 1074 m? s71, respectively? The calculated coefficients : X T :
of diffusion of volatile molecules in the porous carbons were "-propancl 226‘.160 32_'220% 1& i:gg 8;§8§ 1996
lower than those observed in the natural zeolite that was used 28.0 8.89x 104 1.00 0.978
as a template for the carbofh3he large number and array of ~ n-butanol ~ 24.0 3.06c 10* 0.98 0.998 169.3
different functional groups on the carbon surface (e.g., car- 260 340« 107 0.99 0.996
boxylic, carbonyl, hydroxyl, ether, quinone, lactone, anhydride, 280 1.00x 10_ 0'_99 0'998_ o
etc.) imply that there are many types of soluselsorbent As the temperature of diffusion was increased, the diffusion

interactions'! The electrostatic interaction between the hydroxyl rate constants increased for all the samples. The diffusion rate
group of alcohols and the functional groups such as carboxylic constant of methanol over porous carbon, carbonized at 700
acid on the carbon surface can explain such results. °C, was increased from 3.18 10* to 5.15x 103 s™* when
Diffusional Rate Constants and Modes of Transport of ~ the diffusion temperature increased from 24.0 to Z&0
the Solvent.The diffusion rate constants, diffusion exponents, _ 1he diffusion exponents), were calculated to be between
and transport mechanisms of different alcohols in the porous 0-58 and 1.00 in all of the experiments done at all temperatures,
carbons, carbonized at 700, 800, 900, and F@MCre presented |nd|cr_at_|ng an an_oma_llou_s d|ffu_S|on mechanism. Thg anomalous
in Tables 5-8, respectively. In all samples, acceptable regression coefficients of diffusion in the Illterature.usqal_ly are in the range
coefficients R2) were observed. It seemed that diffusion of .Of.0.6—1.0.1'4}44A|th0l.Jgh the I|teratgre is similar to our results,
alcohols in porous carbons could also be approximated with aitis clear that those different techniques, models, and assump-

first-order rate law for all of the alcohols studied. tions (crystal shape and size) may strongly affect the results.
Activation Energies of Diffusion for the Alcohols. The
(37) Prasetyo, I.; Do, H. D.: Do, D. BChem. Eng. ScR002 57, 133 activation energies of diffusion measured for methanol, ethanol,
141.
(38) Do, D. D.Chem. Eng. Scil996 51, 4145-4158. (42) Peppas, N. APolymer1997, 38, 3425.
(39) Do, D. D.; Wang, KAIChE J.1998 44, 68. (43) Peppas, N. A,; Lucht, L. MChem. Eng. Commuii985 37, 333.
(40) Do, D. D.; Wang, KCarbon1998 36, 1539. (44) Neogi, P. Transport Phenomena in Ploymer Membranéffursion

(41) Figueiredo, J. L.; Pereira, M. F. R.; Freitas, M. M. A,; Orfao, J. J. in Polymers Neogi, P., Ed.; Marcel Dekker Inc.: New York, 1996; pp
M. Carbon1999 37, 1379. 173—-209.
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Table 8. Diffusion Rate Constants, Diffusion Exponents, and in this material. The irregularity of the pore structure, resulting
Trans#’ort '\l"etcgag'sms O(f:V%'at"ecA'Cl;’hQ's " ’\tlaltgcr)?y! Czeo“te in energetic heterogeneity of the solid surface, makes the nature
emplated Torous ~arbon, -afbonized & 2o of the diffusion on porous carbon materials very complicated.
i o e activation energy A detailed pore structure for this material cannot be fully
alcohol type T(°C) k(s n of diffusion (kJ mof™) determined due to the complexity of the morphology of
methanol ~ 24.0 5.6% 1U: 1.00 0.972 70.6 templated porous carbons. Nevertheless, informative description
26.0 439107 0.95 0.960 can be obtained by measuring the physical properties (e.g.,
3 y g phy prop g
28.0 5.35x 103 0.87 0.962 : e distributi q ¢
ethanol 240 23k 104 097 0997 76.2 porosity, pore size distribution, and BET surface area) and t_he
26.0 9.60x 104 0.96 0.991 diffusion characteristics of organic volatile molecules on this
28.0 5.00x 1073 0.98 0.989 material.
n-propanol  24.0 3.2x% 10* 1.00 0.979 125.5 )
26.0 1.07x 102 0.89 0.963 Conclusions
28.0 1.36x 103 0.84 0.981 I - .
nbutanol 240 40X 104 100 0.979 208.9 D|ffl_JS|on c_oefﬁuents, mo_des of transport, and activation
26.0 5.00x 104 0.59 0.956 energies of simple alcohols into the templated porous carbons
28.0 4.00x 104 0.58 0.971 were studied.

As the molecular weight of the solvent increases, coefficients
n-propanol, anch-butanol over porous carbons carbonized at of diffusion decrease, activation energies for diffusion increase,
700-1000°C were presented in Tables-B. With increasing and the time necessary to come to equilibrium increases. The
molecular weight of the volatile alcohols, the activation energies diffusion of n-butanol seemed to be less, compared to those of
also increased. The activation energy of methanol in the porousthe smaller alcohols. In all of the samples, the coefficients of
carbons was measured to be the smallest among those of theliffusion increased linearly with an increase in the temperature.
alcohols, and in terms of diffusion coefficients, methanol at all The diffusion of alcohols in the porous carbons obeyed an
temperatures was the greatest. Similar results were observed iranomalous transport mechanism. Diffusion rate constants slightly
the diffusion of alcohols in natural zeolites. increased as the temperature was increased.

It is interesting to compare the activation energies measured The calculated coefficients of diffusion of volatile molecules
in natural zeolité and natural zeolite templated porous carbons. in the porous carbons were lower than those observed in the
Calculated activation energies in natural zeolite were 18.3, 46.4, natural zeolit¢. The large number and array of different
79.7,57.3, and 90.1 kJ mdifor methanol, ethanoh-propanol, functional groups on the carbon surface imply that there are
i-propanol, anch-butanol, respectively. The activation energy many types of soluteadsorbent interactions. The electrostatic
for diffusion of methanol was 220.7 kJ mdlover porous interaction between the hydroxyl group of alcohols and the
carbon, carbonized at 70C. Although the operating conditions ~ functional groups such as carboxylic acid on the carbon surface
are the same, the diffused methanol molecule over porous carborean explain such results.
has to overcome an energy barrier twice as much as that of It is interesting to compare the activation energies measured
natural zeolite. This is most likely due to the polarity of alcohols. in natural zeolite and natural zeolite templated porous carbons.
Compounds containing the OH group are generally highly  The activation energies for diffusion of methanol were 90.1 and
polar and have an appreciable electrostatic field due to the 220.7 kJ mot* for natural zeolite and porous carbon, carbonized
resultant dipole4®> Being polar molecules, alcohols have at 700°C, respectively. This is most likely due to the polarity
stronger interaction with the carbon surface which is dispersed of alcohols. Compounds containing th€OH group are gener-
with functional groups. ally highly polar and have an appreciable electrostatic field due

Since the morphology of porous carbon is very complex, to the resultant dipoles. Being polar molecules, alcohols have
obtaining reliable data is one of the major problems in our quest Stronger interaction with the carbon surface which is dispersed
for determining the coefficients of diffusion of volatile molecules with functional groupg®
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