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Introduction

Influence of Pore Size and Surface Functionality of
Activated Carbons on Adsorption Behaviors of
Indole and Amylase
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Influence of pore size and surface functionality of activated carbons on liquid-phase molecular
adsorption behaviors was carefully investigated both in terms of adsorption capacity and Kinetics
using indole and amylase as model adsorptive bio-materials by individual single-component
experiments to improve adsorptive removal efficiency and selectivity of body wastes. Activated
carbon fibers having narrow pore size of about 0.65 nm showed the highest adsorption capability of
indole per unit surface area. From the point of view of the adsorption rate, however, a little bit
wider micropores of about 0.70 nm considered to be preferable. It was also confirmed that a
presence of oxygen-containing surface functional groups induces diffusional inhibitions of indole
molecules to deeper pore spaces, giving rise to a lowering both of adsorption capacity and rate of
indole. On the other hand, amylase adsorption amount was limited for microporous carbons.
Therefore, as for oral applications to selectively remove the wastes in the body such as indole but
not for useful molecules such as amylase, the activated carbons having abundant micropores of
about 0.7 nm in size and hydrophobic surfaces were found to be suitable from the individual
single-component experiments.

Keywords: Activated carbon, Adsorption, Bio-molecule, Pore size, Surface functionality

developed and commercialized for delaying the time of

One of functions of kidneys is to remove body wastes
and poisonous substances. However, once gets sick and
renal functions fail, it becomes hard to excrete the wastes
from the body. Thus, an introduction of an artificial
dialysis is required to excrete the wastes from the body,
although it imposes mental and economic burdens on
patients.

Carbon materials have been studied to be clinically
used as a potent adsorbent of various toxic matters, thus,
are called as medicinal carbons*®. It has been also
reported to apply the medicinal carbons to remove waste
products accumulated in the body as a result of chronic
kidney diseases*®. Furthermore, a kind of activated
carbons, oral activated carbon (OAC), has been recently

the artificial dialysis institution”. OAC which works by a
principle of selective physical adsorption can adsorb the
body wastes and poisonous substances during traveling
in the body, and then to be excreted. One of advantages
of OAC is that it absorbs vicious materials but not the
requisite digestive enzymes for humans. However, its
large required dosage, six grams per day, makes it hard to
be administered routinely, and some of patients taking
OAC have constipation®®). Therefore, it is necessary to
minimize the patientsd burdens with taking a small
quantity for getting sufficient medicinal effects by
developing activated carbon materials with higher
adsorbability and selectivity.

In this study, we examined influence of pore size,
surface functionality, and size of the activated carbons on

_17_



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Volume 03, Issue 02, September 2016

the molecular adsorption behaviors to improve the
adsorption capacity and selectivity for the body waste
removals using indole and amylase as model adsorptive
bio-materials by individual single-component
experiments.

2. Experimental

2.1 Samples

Indole and &-amylase (Termamyl 120L equivalent)
were purchased from Wako Pure Chemical Industries,
Ltd., and used without further purification. Here, indole
and amylase were selected as representative molecules to
be removed (toxin) or not to be removed (enzyme),
respectively. As the activated carbons, pitch-based
activated carbon fibers (OG series: OG5A, OGT7A,
OG10A, OG15A, and OG20A, Osaka Gas Co., Ltd.)
were used in this study, because they have relatively
uniform micropores of different average pore size?. To
investigate an influence of surface functionalities on the
adsorption behavior, most parts of oxygen-containing
functional groups were removed by heat-treatments of
OG series carried out in an H, flow (100 cm®min) at 873
K for 1 h. The Hy-treated samples were designated as
having fiH,-0 as a prefix. A commercialized spherical
oral activated carbon (OAC) of 200-300 em in particle
diameter and another type of a spherical activated carbon

(SAC, PureSphere Co., Ltd.) of 100-200 em in particle
diameter were also used. Pore structural parameters
calculated from Os-plot analysis'™*? of N, adsorption
isotherms at 77 K together with oxygen content, Ogis.,
estimated from elemental analysis of all samples used in
this study are summarized in Table 1.

2.2 Adsorption measurements

Adsorption tests of indole and amylase were carried
out as follows. First, aqueous solutions of indole or
amylase were prepared by dissolving indole or amylase
in purified water at desired initial concentrations
(0.001-0.004 wt.% for indole and 2.6 vol.% for amylase).
Then, 8 mg of each porous carbon sample was dispersed
in the solution (40 cm?®), and stirred for desired
adsorption periods (3 min ~ 96 h) at 298 K. After the set
time passed, the porous carbon samples were filtered out
by using a 0.20 em membrane filter, and then absorption
spectra of the filtrates were measured by using an
UVVisNIR  spectrometer ~ (UV3600,  Shimadzu).
Concentrations of indole or amylase in the filtrates were
calculated from absorbance at 269 nm or 279 nm, the
maximum absorption wavelength of indole or amylase,
respectively, using pre-measured calibration curves.
Experimental errors of the adsorption tests of indole or
amylase were estimated to be within 5%.

Table 1. Pore structural parameters calculated from 6s-plot analysis of N, adsorption isotherms at 77 K and oxygen
content estimated from elemental analysis of activated carbon fibers and spherical activated carbons.

Specific surface area (m?/g) Pore volume (cm®/g) Avgrage pore Oxygen

sample size (nm) c%nt_er;t,

Aoal Ao’ Amicst Ameso® Vi Viioo®  Vieso'  Whice®  Oreso’ (Wt.9%)
H,-OG5A 728.4 0.4 728.0 - 0.24 0.24 - 0.65 - 6.0
H,-OG7A 1246.7 0.1 1246.6 - 0.44 0.44 - 0.70 - 5.2
H,-OG10A  1305.0 0.3 1304.7 - 0.49 0.49 - 0.75 - 4.5
H,-OG15A  1548.6 0.3 1548.3 - 0.71 0.71 - 0.91 - 2.5
H,-OG20A  1802.1 0.5 1801.6 - 1.00 1.00 - 1.11 - 2.6
OG5A 646.3 0.3 646.0 - 0.21 0.21 - 0.65 - 14.3
OG7A 982.6 0.3 982.3 - 0.33 0.33 - 0.68 - 19.0
OG10A 1283.2 0.1 1283.1 - 0.47 0.47 - 0.74 - 22.2
OG15A 1688.3 0.3 1688.0 - 0.76 0.76 - 0.90 - 12.8
0OG20A 1928.3 0.3 1928.0 - 1.07 1.07 - 1.11 - 121
OAC 1586.4 14 1585.0 - 0.76 0.76 - 0.96 - 4.7
SAC 1316.1 6.6 1253.8 55.7 0.77 0.44 0.33 0.69 12 151

2 Avotal, Aext, Amicro, aNd Ameso denote specific surface areas of total, external, micropores, and mesopores, respectively.
Viotal, Vimicro, and Vmeso are total, micropore, and mesopore volumes, respectively. Wmicro and dmeso denote micropore
width and mesopore diameter, respectively.
b Oxygen content, Ogirr, Was calculated as a difference between 100% and a sum of C, H, and N contents measured by

elemental analysis according to the following equation: Ogir. = 100 T (C + H + N).
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3. Results and Discussion

Figure 1 shows adsorption kinetic profiles of indole at
298 K for the H,-OG series with low oxygen contents at
different initial concentrations of indole from 0.001 to
0.004 wt.%. Here, the abscissa is shown in a logarithmic
scale. When the initial concentration of indole was high,
the longer equilibrium period was needed. The narrower
the pore size, the slower the adsorption rate; Ho-OG5A of
Very narrow pore size, Wmicro = 0.65 nm, showed much
slower adsorption rate as compared to others. For
equilibrium adsorption amounts of indole, no remarkable
difference was observed among 5 kinds of the H,-OG
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Fig. 1.

Adsorption amount

series samples when the initial concentration was low.
For example, at 0.001 or 0.002 wt.% of the initial
concentration, removal efficiencies of indole, calculated
as an adsorption amount of indole normalized by the
initial amount of indole in the solution, were more than
98% regardless of samples used. At higher initial
concentration (e.g. 0.004 wt.%), however, equilibrium
adsorption amount of indole for H,-OG5A was
remarkably lower than others, because of the limited
pore volume of Hy-OG5A (Viotal = Vimicro = 0.24 cm?/g).
Adsorption isotherms of indole at 298 K on the H»-OG
series are shown in Figure 2. Steep adsorption uptakes of
indole were observed from very low concentration.

@
01k o
0.05}
0 1 1 1
0.01 0.1 1 10 100

Adsorption kinetic profiles of indole for H,-OG series at (a) 0.001 wt.%, (b) 0.002 wt.%, (c) 0.003 wt.%, and

(d) 0.004 wt.% of initial concentrations of indole at 298 K: (open circle) H,-OG5A; (closed circle)
H2>-OG7A; (open square) H-OG10A; (closed square) H-OG15A; and (closed triangle) H,-OG20A.
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Fig. 2. Adsorption isotherms of indole on H,-OG
series at 298 K: (open circle) Hy-OG5A,;
(closed circle) H,-OGT7A; (open square)
H,-OG10A; (closed square) H»-OG15A;
(closed triangle) Ho-OG20A.
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Fig. 3.  Relationship between average micropore width

and saturated adsorption amount of indole per
unit surface area for (open circle) H-OG
series, (closed circle) OG series, and (cross)
spherical activated carbons.
Basically, the adsorption amount of indole at the same
equilibrium concentration became larger with increasing
of specific surface area and total pore volume from
H-OG5A to H,-OG15A. However, H,-OG20A showed

Fig. 4. Adsorption isotherms of indole on OG series at

298 K: (open circle) OG5A; (closed circle)
OGT7A; (open square) OG10A; (closed square)
OG15A,; (closed triangle) OG20A.

the apparently lower adsorption capacity than
H,-OG15A, suggesting that the micropores of
H>-OG20A were too wide for the indole molecules to be
adsorbed efficiently, namely an overlapping of potential
curves from pore walls was considered to be insufficient
to provide deep and effective adsorption potentials for
the indole molecules. In Figure 3, a relationship between
the average micropore width, Wmico, and the saturated
adsorption amount of indole per unit surface area
(normalized adsorption amount of indole) for the H,-OG
series is shown. Here, the normalized adsorption
amounts of indole were calculated using the saturated
adsorption amount of indole estimated by the Langmuir
analysis of the adsorption isotherm of indole at 298 K
shown in Figure 2 and the specific surface area of
micropores, Amicro, Calculated by the 6s-plot analysis of
the N, adsorption isotherms at 77 K (Table 1). A
monotonic decrease of the normalized adsorption amount
of indole with an increase of the micropore width
indicates that narrower micropores work as more
effective adsorption spaces for the indole molecules.

For the OG series with larger amounts of
oxygen-containing  functional groups, the indole
adsorption capability (Fig. 4) was found to be lower and
the adsorption rate (Fig. 5) was slower than the H,-OG
series with less oxygen contents, especially at the higher
initial concentration of indole, suggesting that
oxygen-containing functional groups strongly interacted
with polar indole molecules, and thus hindered and
delayed further adsorptions of indole to deeper pore
spaces. The diffusional hindrance of polar molecule in
micropore of activated carbons with abundant surface
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