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Abstract

The adsorption characteristics of chloroform, acetone, and acetonitrile on commercial activated carbon (C1), two types of activated carbon fibers
(F1 and F2), and sludge adsorbent (S1) was investigated. The chloroform influent concentration ranged from 90 to 7800 ppm and the acetone
concentration from 80 to 6900 ppm; the sequence of the adsorption capacity of chloroform and acetone on adsorbents was F2>F1 ~C1 ~ S1. The
adsorption capacity of acetonitrile ranged from 4 to 100 mg/g, corresponding to the influent range from 43 to 2700 ppm for C1, S1, and F1. The
acetonitrile adsorption capacity of F2 was ~20% higher than that of the other adsorbents at temperatures <30 °C. The Freundlich equation fit the
data better than the Langmuir and Dubinin—Radushkevich (D-R) equations. The adsorption rate of carbon fibers is higher than that of the other
adsorbents due to their smaller fiber diameter and higher surface area. The micropore diffusion coefficient of VOC on activated carbon and sludge
adsorbent was ~10~* cm? s~!. The diffusion coefficient of VOC on carbon fibers ranged from 1073 to 10~7 cm? s~!. The small carbon fiber pore

size corresponds to a smaller diffusion coefficient.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Many VOCs are hazardous to human health and the envi-
ronment. Adsorption is one of the most practical methods
for separating and recovering VOCs from industrial flue gas
streams. Many adsorbents have been developed in recent years
to improve adsorption performance. Activated carbon fiber and
granular activated carbon are popular adsorbents used to remove
VOCs from the gas stream. Recently, VOCs have also become
an important issue for indoor air quality, which is a public con-
cern, and adsorption is one of the selected control technologies.
Chloroform and acetonitrile are produced and used in industry
and the laboratory, posing a threat to those working in the VOC-
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contaminated atmosphere. Therefore, VOC exhaust control is
important to indoor air quality.

Chloroform can be adsorbed by activated carbon [1], silicate,
and dealuminated zeolite Y [2]. In addition, acetonitrile can be
removed by activated carbon [3]. But little research has focused
on the adsorption of chloroform and acetonitrile using activated
carbon fiber (ACF).

Some biomass materials can be used as raw materials of acti-
vated carbon, e.g., evergreen oak, bamboo, coconut shell, and
Japanese cedar. These adsorbents have been used to remove
chloroform and other organic matter from drinking water [4].
In addition, after proper treatment, sludge can be used to pro-
duce an adsorbent for VOC and H3S control [5-7]. Biomass
reuse should be considered for the sustainable preservation and
protection of the environment.

Some advantages of ACF are the smaller fiber diameter,
more concentrated pore size distribution, and excellent adsorp-
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tion capacity at low adsorbate concentrations compared with
traditionally activated carbons [8,9]. Generally, ACF is a kind
of micropore carbonaceous adsorbent associated with slit-
shaped pores [9,10]. The adsorption rate could be increased
substantially by using narrow-diameter activated carbons such
as ACF, which exhibits rapid intraparticle adsorption kinetics in
gas and liquid-phase adsorption because of its thin fibrous shape
[11]. Furthermore, ACF activated by normal steam or CO> is
hydrophobic and does not show ideal adsorption capacity for
polar or polarizable molecules. Hashiho et al. [12] successfully
used activated carbon fiber cloth to capture VOCs and HAPs
from the air stream; the cloth could be regenerated using a
microwave-swing system. ACF is an important material used in
high-efficiency filtration systems for indoor air quality control.

In this study, sludge-derived adsorbent (S1), commercial acti-
vated carbon (C1), and two types of activated carbon fibers (F1
and F2) were used to investigate the adsorption characteristics
of acetone, chloroform, and acetonitrile. The physical character-
istics, surface oxygen functional groups, pH, and ash content of
various adsorbents were analyzed in this study. In addition, the
adsorption capacity and diffusion coefficient of adsorbate that
adsorbed on different adsorbents were surveyed. Therefore, this
study could provide detailed and comprehensive data for use in
adsorption process design.

2. Experimental
2.1. Adsorbents

Four kinds of adsorbents — commercial activated carbon (C1),
activated carbon fibers (F1 and F2), and sludge adsorbent (S1)
— were selected for adsorption of chloroform, acetonitrile and
acetone. Steam activation of select grades of coal was used
to produce C1 (Norit GAC 830, Netherlands). S1 was made
of biosludge obtained from the wastewater treatment plant of
a petrochemical industry in Kaohsiung, Taiwan, activated by
1.0M ZnCl,, and pyrolyzed at 500°C for 30 min [13]. The
particle size of the granular adsorbent ranged from 1.68 to
2.0 mm (mesh 10-12). F1 was polyacrylonitrile (PAN), AT0902,
made by KoTHmex, Taiwan Carbon Technology Co. Ltd. F2
(CARBOFLEX, Anshan East Asia Carbon Fibers Co. Ltd.) was
generated from pitch. F1 and F2 were 7 and 18.8 wm in diame-
ter (the microscopy was used for the measurement of diameter),
respectively.

2.2. SEM photograph

To better understand the surface structure, photomicrographs
of the surface of these adsorbents were obtained by scanning
electron microscope (SEM, XL-40FEG, Philip).

2.3. Surface area, pore volume distribution

The physical characteristics of the adsorbents, including
the specific surface area, pore volume distribution, and pore
diameter, were measured via N»(g) adsorption in an ASAP
2010 micropore analyzer at 77K in liquid N». The surface

area was calculated by the Brunauer—-Emmett—Teller (BET)
method [14]. Total pore volume and micropore volume were
measured by the Barrett—Joyner—-Halenda (BJH) method and
the t-plot and Harkins-Jura methods, respectively [15-17].
Silica—alumina (surface area: 215 + 6 m?/g, total pore volume:
0.61 & 0.08 cm>/g, average pore diameter: 114 + 15 A), alumina
(multipoint specific surface area: 0.51 4= 0.03 m?/g), and molec-
ular sieve (median pore diameter: 8.3 0.2 A) were obtained
from Micromeritics and used for quality assurance and qual-
ity control. Five samples were taken for each adsorbent, and
analysis of each sample was duplicated.

2.4. Ash content

Ash content in the adsorbent was analyzed according to
ASTM D2866-94. The crucible was preheated in a furnace at
650 25 °C for 1 h and then cooled down to room temperature
and weighed (Wp). Next, the adsorbent was added into the cru-
cible, and its weight was calculated (W1). Then the crucible was
placed in the oven, with the temperature maintained at 105 °C for
30 min and then raised to 650 & 25 °C and maintained for 16 h.
Finally, the crucible was placed in a desiccator for conditioning,
and its weight was determined (W>).

Wa — Wo

Ash =——— x1 1
sh (%) WI—WOX 00 €))

2.5. pH of adsorbent

ASTM D3838-80 was used as a reference to determine the
pH of adsorbents. The adsorbent was placed into the cuvette, and
20ml of boiling water was added. Then, the boiling condition
was maintained for 15 min, after which the water was cooled
down to measure the pH.

2.6. Boehm titration

Procedures for the analysis of oxygen functional groups fol-
lowed the method established by Boehm [18]. The activated
carbon samples were first dried in a vacuum oven (1072 to
1073 mmHg, 105 °C) for 24 h. Twenty-five millilitres of an alkali
solution (0.1 N NaHCO3, Nay;CO3, and NaOH) was added to test
tubes containing a given amount of the activated carbon sam-
ple (1-5 g). The samples were constantly mixed over a vibrator
(100 rpm) at 25 °C for 24 h. A given amount of the supernatant
(5mL) was drawn from the test tubes and back titrated with
HCI (0.1 N) solution. The concentrations of various functional
groups were determined by the residual bases after back titration
as described by Boehm [18-20].

2.7. Adsorption kinetic

Procedures for kinetic adsorption experiments and related
adsorption conditions were as follows. A given amount
(50-100mg) of adsorbent was placed in an electrical balance
that was connected to a data-acquisition system. The influent
concentration of chloroform was set at a range from 90 to
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7800 ppm, acetone from 80 to 6900 ppm, and acetonitrile from
43 to 2700 ppm. The inflow rate of chloroform and acetonitrile
vapor was set at 1.0 L/min, the adsorption temperature ranged
from 10 to 80 °C, and the temperature variation was less than
0.1 °C. The kinetic adsorption runs were repeated five times for
all experimental concentrations.

2.8. Diffusion coefficient of chloroform and acetonitrile

The micropore diffusion was derived as follows [21]:

g < 1 ) 8> De(8g/3r))

o \r2 or

2

Assuming D, is constant, Eq. (2) can be derived as Eq. (3):

dg 3%q 2\ g
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where r is the distance normal to the external surface, D, is the
intracrystalline diffusivity, and g(r, ) is the amount adsorbed at
time =¢. The initial and boundary condition are as follows:
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where g(t) is the average concentration through the adsorbent,
and
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where g equals the sorbed mass (per unit volume of sorbent),
g is the average amount adsorbed in a pellet or particle, gg is
the adsorption capacity at initial time (t=0), g; is the amount
adsorbed at time 7, M, is the total mass uptake at a gas-phase
concentration of Cyp (inlet concentration of gas-phase), M; is
the mass uptake at time ¢, and ry is the crystalline radius. The
concentration of VOCs was determined by gas chromatograph.
The VOC sorbed mass (g, q;, My, Mo, etc.) was measured by
an electric balance and calculations, and g was obtained by
calculations.

() F1

Fig. 1. SEM photographs of different adsorbents.
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Table 1

Physical characteristics of adsorbents (n=15)

Adsorbents SA PV (cm3/g) MA (mz/g) MP (cm3/g) PD (A)

Cl 807 £ 17 0.42 + 0.01 520 £ 17 0.23 + 0.01 20.7 £ 0.74
S1 757 £ 55 0.45 £ 0.05 460 + 43 0.20 £ 0.02 26.5 + 0.87
Fl 832 + 29 0.40 4+ 0.01 495 £+ 120 0.22 + 0.04 17.2 £ 0.13
F2 1518 £+ 148 0.72 + 0.05 783 £ 83 0.39 + 0.10 19.1 £ 0.25

SA: surface area, PV: pore volume, MA: micropore area, MP: micropore volume and PD: pore diameter, five samples were analyzed for every adsorbent.

3. Results and discussion
3.1. Physicochemical characteristics

3.1.1. SEM photograph

Fig. 1 shows the SEM photographs of the four kinds of adsor-
bents used in this study. An irregular surface was found on Cl1
and S1. In addition, the carbon fiber was cylindrical in shape,
but the fiber diameter of F2 (about 18 wum) was larger than that
of F1 (about 7.2 um).

3.1.2. Surface area

Table 1 gives the surface area, micropore area, pore volume,
micropore volume, and pore diameter of the adsorbents. The
surface area, micropore area, pore volume, and micropore vol-
ume of F2 were significantly larger than those of the others. The
micropore area contributed over 50% of the specific surface area.
The pore diameter in activated carbon fiber was more uniform
than that of the granular adsorbents, which could be caused by
the characteristics of the raw material and the manufacturing
processes.

3.1.3. Pore volume distribution

Fig. 2 shows the pore volume distribution of the adsorbents.
The pore size ranged from 200 to 800 A and from 20 to 90 A,
which contributed a substantial amount of the pore volume of
S1.S1 revealed a high mesopore portion in the pore volume. C1,
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Fig. 2. Pore volume distributions of different adsorbents.

Table 2

Surface functional groups of adsorbents (n=15)

Adsorbents Carboxyl Lactone Phenolic Carbonyl Basic

Cl 442 31+3 4+2 60+4 55+6

S1 50+6 2442 2743 ND 70 £ 11
Fl1 ND ND ND 242+ 12 142 +9

F2 ND 11+3 12+2 21248 134 + 12

ND: not detectable, five samples were analyzed for every adsorbent.

F1, and F2 were mainly micropore. But F2 evidenced a peak in
the mesopore range of 20—40 A.

3.1.4. Ash content

Ash content in C1, S1, F1, and F2 was 4.8%, 11%, 0.2%,
and 0.05%, respectively. Results indicated that the raw material
of S1 was more complex; therefore, the ash content was higher
than that of the others. Activated carbon fibers are made by pitch
and coal, yielding almost pure carbon, which leaves only a small
amount of ash in the fibers.

3.1.5. pH

The pH of Cl1, S1, F1, and F2 was 4.6, 5.6, 7.0, and 7.9,
respectively. The surface of C1 and S1 tended to be acidic, while
the activated carbon fibers tended to be neutral or basic.

3.1.6. Surface functional groups

Table 2 gives the surface oxygenated functional groups of
the adsorbents. Carbonyl and lactone were the major surface
oxygen functional groups of C1. The carbonyl group was also
the major oxygen functional group of activated carbon fiber,
contributing over 90%. The surface functional groups of the S1
adsorbent were different from the others; the sequence of its oxy-
gen functional groups was carboxyl > phenolic >lactone. The
sludge adsorbent was made from microorganisms, which may
be one of the reasons for there being more complex oxygen func-
tional groups on S1 than on the other adsorbents. The sequence of
basic functional groups on the adsorbents was F1 >F2>S1 > Cl.
Based on the oxygen surface functional groups, the surface of
activated carbon fibers was less polar than that of activated car-
bon and of sludge adsorbent.

3.2. Adsorption capacity of acetone, chloroform and
acetonitrile

Fig. 3 shows the adsorption capacity of acetone. While the
acetone influent concentration ranged from 80 to 6900 ppm, the
adsorption capacity of C1, S1, and F1 was 21-167 mg/g, and
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Fig. 3. Adsorption capacity of acetone on different adsorbents and at different temperatures (®: 30 °C, [J: 50 °C, and H: 80 °C).

the adsorption capacity of F2 was about twice that of the other
adsorbents. When the adsorption temperature increased to 60°C,
the average adsorption capacity of the various concentrations
decreased to 0.42-0.57 of the adsorption capacity at 30°C. In
addition, the adsorption capacity at 80 °C was 0.25-0.45 that at
30 °C. When the adsorption temperature increased, the acetone
adsorption capacity reduction was high on the F2 adsorbent.
Table 3 gives adsorption capacities of acetonitrile and chlo-
roform on different adsorbents and at different temperatures.
The influent concentration of acetonitrile ranged from 43 to
2700 ppm. At an adsorption temperature of 10 °C and an influ-
ent concentration of 2700 ppm, the adsorption capacity of CI,
S1 and F1 was in the vicinity of 100 mg/g, while that of F2 was
130 mg/g. The increased adsorption temperature correspond-
ing to the reduction of adsorption capacity was significant for
all adsorbents. These adsorbents could not effectively capture

CH3CN at high temperature (>50°C) and low concentration
(<300 ppm). Low-temperature adsorption was necessary for
using these adsorbents to control acetonitrile vapor.

The influent concentration of chloroform ranged from 90
to 7800 ppm. The adsorption capacity of chloroform at 30 °C
ranged from 146 to 373 mg/g on C1, from 70 to 244 mg/g on
S1, from 74 to 235 mg/g on F1, and from 128 to 600 mg/g on
F2. When the adsorption temperature increased to 80 °C, the
adsorption capacity was reduced from that at 30 °C as follows:
T7-67% for C1, 17-38% for S1, 5-74% for F1, and 12-42% for
F2. While increases in temperature reduce the adsorption capac-
ity at all concentrations, this effect is more pronounced at low
concentration than at high concentration.

The adsorption capacity of chloroform on C1 was higher
than that on F1. Generally, the affinity of CHCl3 (low dipole
moment: 1.1 debyes)-F1 (relative non-polar surface: carbonyl

Table 3
Adsorption capacities of acetonitrile and chloroform on different adsorbents and at different temperatures
Concentration (ppm) Cl1 S1 F1 F2
10°C 30°C 50°C 80°C 10°C 30°C 50°C 80°C 10°C 30°C 50°C 80°C 10°C 30°C 50°C 80°C
Acetonitrile
43 16 10 7 4 60 15 8 Nil 25 12 7 320 15 2 Nil
310 22 18 15 8 65 17 10 5 30 18 15 5 27 22 2 2
880 62 43 16 11 81 34 18 14 42 33 22 9 32 38 10 5
2700 100 76 43 14 92 41 20 18 97 56 24 21 130 80 25 10
Chloroform
90 - 146 56 10 - 70 22 12 - 74 54 4 - 128 30 16
590 - 205 96 94 - 91 59 30 - 151 86 51 - 243 115 97
2370 - 284 206 147 - 154 74 56 - 227 161 112 - 416 233 142
7800 - 373 284 251 - 244 126 93 - 235 220 173 - 600 396 251

Adsorption capacity of chloroform on different adsorbents was not available at 10 °C.
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Table 4
Typical adsorption equations for acetone, acetonitrile and chloroform at 30°C

J.-H. Tsai et al. / Journal of Hazardous Materials 154 (2008) 1183-1191

Adsorbents  Freundlich g =kC'"2 Langmuir g = g (KC/(1 + KC))*

Acetone Acetonitrile Chloroform Acetone Acetonitrile Chloroform

kb nh r2b kb nb r2b kh nb r2b Kb qmb,c r2b Kb th r2b Kb qmb r2b
C1 7.1 28 099 13 20 096 55 4.7 1.0 0.004  0.13 0.97 0.007 0.04 087 0.01 029 085
S1 38 23 094 50 38 085 18 35 095 0.02 0.13 0.99 0.02 0.03 059 0.009 0.15 0.73
F1 98 34 099 26 27 095 24 3.7 093 0.007  0.10 0.93 0.01 0.03 080 0.005 022 098
F2 75 27 097 29 25 092 26 2.8 1.0 0.006  0.13 0.88  0.01 0.04 077 0.004 043 094

2 Adsorption equations.
b Parameters.
¢ gm, g-adsorate/g-adsorbent.

group) is higher than that of CHCI3-C1 (lactone and carbonyl
groups on the surface), but it was not reflected in the enhance-
ment of adsorption capacity. Therefore, it can be concluded that
the surface functional group of the adsorbent may not be an
important factor in chloroform adsorption. The physical charac-
teristics, i.e., micropore area and pore volume distribution, may
have a greater effect on the adsorption capacity of adsorbents
than the surface oxygenated functional groups, a finding that is
similar to the results of Diaz et al. [22].

Based on the adsorption capacity of acetonitrile at different
concentrations and temperatures, the average adsorption capac-
ity ratio of S1 was 0.8-2.2 times that of C1, 0.85-1.8 times that
of F1, and 0.8-2.9 times that of F2. Particularly at low concentra-
tion (<310 ppm) and low temperature (<30 °C), the adsorption
capacity of S1 was higher than that of the other adsorbents. The
results of this study suggest that sludge adsorbent could be used
for polar adsorbates and low concentration at room temperature.

The capacity of chloroform to adsorb S1 was 0.52 that of C1,
0.83 that of F1, and 0.45 that of F2. The dipole moment of CHCI3
(1.1 debyes) is weaker than that of acetonitrile (3.3 debyes), and
it may be one of the factors, in addition to pore characteristics,
affecting the adsorption capacity on the more polar surface of
S1.

The capacity of acetone to adsorb S1 is 0.78 that of C1, 0.97
that of F1, and 0.98 that of F2. Sludge adsorbent, which repre-
sents a reuse of waste, can be regarded as an environmentally
friendly material for the control of VOCs. In addition, based on
the adsorption capacity ratio, the results could reflect the more
polar surface of the adsorbent (i.e., S1) that could be selected
for acetone adsorption.

The larger molecular weight is associated with high adsorp-
tion capacity in acetonitrile and chloroform. In addition, the
physical characteristics (i.e., specific surface area and pore vol-
ume distribution, etc.) seem to be more important to adsorption
in this study. The temperature could have a greater effect on the
adsorption of acetonitrile, as its low adsorption energy promotes
molecular desorption at high temperature (high temperature
increases the entropy in the system).

This study investigated in detail the physical and chemical
characteristics of adsorbents and adsorbates. Further work is
needed to address the quantitative effects of the physical and
chemical characteristics of adsorbents on adsorption capacity.
The selected adsorbents are highly active sites. Therefore, the

physicochemical characteristics of the adsorbents, i.e., pore size
distribution, specific surface area, etc. are important factors for
adsorption. But for adsorption of gas (small molecules), the
micropore characteristics are more important than the mesopore
and macropore characteristics. In addition, the physical charac-
teristics of the adsorbent are more important than the surface
oxygen functional group on the adsorbent for non-polar gases
sorbed on the adsorbent. Furthermore, the interaction of adsor-
bent and adsorbate is also a key factor in adsorption capacity. The
operation conditions, i.e., influent flow rate, concentration, tem-
perature, etc., affect the adsorption capacity. High concentration
and low influent flow rate are associated with high adsorption
capacity. Generally, adsorption is an exothermic reaction due to
the fact that when a molecule mixes in gas, it evidences a higher
degree of disorder than when it is adsorbed on the adsorbent
surface and the entropy is increased, revealing an exothermic
process. Therefore, the increase the temperature corresponds to
the decrease in adsorption capacity.

3.3. Adsorption isotherm

The Freundlich, Langmuir, and Dubinin—Radushkevich
(D-R) equations were selected for the adsorption isotherm.
Table 4 shows the parameters of the Freundlich and Langmuir
isotherms that could be used for the adsorption design of vari-
ous adsorbents. Based on the difference of adsorption capacity
between experimental measurements and adsorption isotherm
calculations, the Freundlich isotherm (average absolute differ-
ence of 10—18% for three adsobates) was smaller than the D-R
(11-31%) and Langmuir (16-28%) isotherms (data not shown).
The higher agreement of Freundlich’s model is due to its empir-
ical character.

A considerable difference was observed between adsorption
isotherms and experimental measurements with acetonitrile. For
the D-R model, the difference of acetonitrile was about three
times that of acetone and chloroform. Small molecules (low Van
der Waals forces) are not easy to adsorb at low concentrations,
which may be one of the reasons for the major difference found
with acetonitrile. High temperatures (especially higher than the
boiling point of adsorbate) and high entropy corresponded to a
high variation of adsorption capacity.

Based on the theory of micropore volume filling to derive the
Dubinin—Astakhov (D-A) and D-R equations, the detail is as
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Table 5
Adsorption characteristic energy (kJ/mole) of adsorbates on adsorbents
Adsorbents Chloroform Acetonitrile Acetone
Cl 16.7 £ 3.5 21.8 +£3.7 19.5 £ 0.94
S1 169 £ 1.1 287 +£7.1 21.6 £43
F1 159 £33 232+ 15 213 +£24
F2 144+ 12 192 £ 1.9 169 £ 1.1
follows:

A n
D-Aequation: W = Wpexp {— (ﬂE()) ] (6)

where A = RT In(Py/P), when n=2 the D—A equation could be
shown as D-R equation:

A
In(W) =1In(Wy) — (

BEo

:

(a) CH;CN (880 ppm)

@)

(b) CHCl; (2370 ppm)
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where Ej is the characteristic energy, and 8 is the affinity coef-
ficient (benzene is a reference vapor).

Table 5 shows the adsorption characteristic energy of
adsorbates on adsorbents. According to the volume filling of
micropore theory, the smaller the Ey, the easier it is for the
adsorbates to adsorb onto the adsorbents [23]. Results for
the adsorption characteristic energy were 14.4-16.9 kJ/mole
for chloroform, 19.2-28.7 kJ/mole for acetonitrile, and 16.9—
21.5 kJ/mole for acetone. Wang et al. [24] used activated carbon
to adsorb chloroform and reported a characteristic adsorption
energy of 13.3—15.6 kJ/mole. The adsorption energy was in the
range of this study. The adsorption energy of acetone in this
study was also similar to other measurements in the literature
[25-27]. A low adsorption characteristic energy was measured
for F2, which may be attributed to the fact that adsorbates are
more easily sorbed on carbon fiber. On the other hand, a more
polar adsorbent surface (i.e., sludge adsorbent) could account
for the high adsorption characteristic energy for these polar
molecules.

(c) acetone (2200 ppm)

Diffusion coefficient (cmls‘l)

Fig. 4.
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Table 6

Diffusivity of acetonitrile and chloroform on different adsorbents and at different temperatures

F1 F2

S1

Concentration (ppm)

50°C 80° C 30°C 50°C 80° C 30°C 50°C 80°C 30°C 50°C 80°C

30°C

Acetonitrile

14%x1078%  21x107% 84x1077

14x 1078

7.1x107°
1.1x 1078

30x107%  3.6x107?
23x1078

8.5x 107

1.1x107% 49x 1073

6.7% 1073
34 %107

5.6x 1073

310
880

6.1 x107° 30x107%  62x 1078 1.5x1077  27x1077
8.8x 107 23x 1077

51x107%

1.5x 107

1.1x107*

8.5x 107

73 %1073
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3.9x 1077

8.9x10°8

3.7x10°8

27 %1074

47x107* 34x107*  74x107*

25x 1074

1.7x107*

2700

Chloroform

21x107%  32x107° 46x107° 87x107° 14x1078%  42x107%  50x10°%

1.5x 1074
28x107%

58x107* 79x107°

8.5x 107*
12x107*

14x10~*

4.4 %1073

590

40x 1074 1.0x 1078 1.6x107%  21x108% 45x107% 9.0x 1078 1.5x 1077

1.9x 107
6.8 x 1074

1.8x 107
25x 1074

7.6 x 1073

2370
7800

99 x 1074 1.6x1078  30x10% 40x108% 87x10°8 15x1077  3.1x1077

8.0x 107*

12x107*

3.4. Diffusivity of acetone, acetonitrile and chloroform

Fig. 4 shows the typical chloroform and acetonitrile adsorp-
tion kinetic curves of the various adsorbents. Results indicated
that the adsorption rate of activated carbon fiber reached equilib-
rium faster than granular activated carbon and sludge adsorbent,
which may be due to the fact that the diameter of the fibers is
smaller than those of granular adsorbents.

Fig. 5 and Table 6 show the micropore diffusion coefficient
of chloroform, acetonitrile and acetone on various adsorbents.
The sequence of CH3CN diffusivity obtained was S1 (10~
to 1073 em?s71)>C1 (107 to 107*em?s™H)>F2 (1078 1o
1077ecm?s™1)>F1 (107 to 107 cm?s™!). In addition, the
sequence of chloroform diffusivity was C1 (10~% cm?s~!)~ S1
10~*em?s H>F2 (1078 to 1077 ecm?s)>F1 (107 to
1078 cm?s™!). The sequence of acetone diffusivity was S1
(107* to 103 em?s H~Cl (107* to 103 cm?s™)>F2
(107301077 cm? s71)>F1 (1072 to 1078 cm? s~!). Generally,
the diffusivity of CH3CN and acetone was higher than that of
CHCl3, which may be caused by the high molecular weight of
CHCI3. High adsorption temperature and concentration could
enhance diffusivity, especially in the large-pore-diameter adsor-
bents (C1 and S1). When the adsorption temperature increased
from 30 to 80 °C, the diffusivity increased about one order. The
low diffusivity of adsorbates in fibers may be attributed to the
small pore diameter and pore structure.

4. Conclusions

Generally, the adsorption capacity of chloroform, acetoni-
trile, and acetone was higher on F2 than on the others. The
adsorption rate of activated carbon fiber was higher than that
of activated carbon and sludge adsorbent due to the small
fiber diameter. In addition, the surface area of the fibers was
higher than those of the others. The adsorption capacity of
acetonitrile, chloroform, and acetone on sludge adsorbent was
0.8-2.9, 0.45-0.83, and 0.78-0.98 times that of the other adsor-
bents. Results indicate that sludge adsorbent could be used for
VOC adsorption, especially in more polar adsorbates and at
lower temperatures. Based on the D-R equation, the adsorption
characteristic energy was 14.4-16.9kJ/mole for chloroform,
19.2-28.7 kJ/mole for acetonitrile, and 16.9-21.5 kJ/mole for
acetone. According to the adsorption kinetic curves, the micro-
pore diffusion coefficient of VOC on activated carbon and sludge
adsorbent (107> to 10~*cm?s™!) was higher than activated
carbon fibers (1078 to 10~7 cm?s~!). The pore size of carbon
fibers is smaller than those of both activated carbon and sludge
adsorbent, corresponding to the smaller diffusion coefficient of
activated carbon fibers.
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