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Abstract

Activated carbon was prepared from plum kernels by NaOH activation at six different NaOH/char ratios. The physical properties including
the BET surface area, the total pore volume, the micropore ratio, the pore diameter, the burn-off, and the scanning electron microscope (SEM)
observation as well as the chemical properties, namely elemental analysis and temperature programmed desorption (TPD), were measured. The
results revealed a two-stage activation process: stage 1 activated carbons were obtained at NaOH/char ratios of 01, surface pyrolysis being the
main reaction; stage 2 activated carbons were obtained at NaOH/char ratios of 2—4, etching and swelling being the main reactions. The physical
properties of stage 2 activated carbons were similar, and specific area was from 1478 to 1887 m? g~'. The results of reaction mechanism of NaOH
activation revealed that it was apparently because of the loss ratio of elements C, H, and O in the activated carbon, and the variations in the surface
functional groups and the physical properties. The adsorption of the above activated carbons on phenol and three kinds of dyes (MB, BB1, and
AB74) were used for an isotherm equilibrium adsorption study. The data fitted the Langmuir isotherm equation. Various kinds of adsorbents showed
different adsorption types; separation factor (R;) was used to determine the level of favorability of the adsorption type. In this work, activated
carbons prepared by NaOH activation were evaluated in terms of their physical properties, chemical properties, and adsorption type; and activated

carbon PKN2 was found to have most application potential.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Activated carbon is a widely used adsorbent in the treat-
ment of wastewater and drinking water. Adsorption type and
capacity are primarily based on the physical properties of the
pores, namely the specific surface area, the pore size and dis-
tribution. Measurement of adsorption and desorption of N at
77 K and scanning electron microscope (SEM) observation pro-
vided important pore characteristics; then the adsorption type
and capacity of the activated carbon could be evaluated. The
data of adsorption and desorption isotherm of N at 77 K are the
most investigated physical property of activated carbon. This
measurement has been used in 89% related to activated carbon
prepared from raw plant material in 2005. These data provide
not only specific area (Sp), total pore volume (Vpore), and pore

* Tel.: +886 37 381775, fax: +886 37 333187.
E-mail address: trl@nuu.edu.tw.

0304-3894/$ — see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.jhazmat.2007.01.140

size distribution but are also used to calculate micropore vol-
ume and exterior surface area (Sext). Studying the shapes of the
isotherm curve and hysteresis can be used to infer distribution,
shape and structure of the pores inside activated carbon. This
measurement is a prerequisite. Differences in surface structure
features of activated carbon prepared from various raw materi-
als, activation methods and conditions can be investigated with
SEM observation. Surface features of activated carbon prepared
under various conditions were observed in the previous studies
[1,2]. The results were used in inferring the activation reaction
mechanism.

Factors affecting adsorption type are pore structure, surface
chemistry, and adsorbent properties. Among them functional
groups and chemical compositions play important roles in the
adsorption mechanism and capacity. Measurements of elemen-
tal analysis and temperature programmed desorption can be
employed for understanding chemical properties of activated
carbon. Chemical compositions of activated carbon were mea-
sured with elemental analysis by some investigators [3-5].
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Literature reveals little about relationships between the chemical
compositions of activated carbon and its preparation condi-
tions as well as activation mechanisms. The changes in the
chemical compositions of the material during the activation
process cannot be completely described. Thus, investigation of
the chemical compositions of activated carbon with elemen-
tal analysis is important. Temperature programmed desorption
(TPD) can be utilized to determine the strength of the sur-
face active groups, quantity, and type of activated carbon.
Stones prepared activated carbons by steam and CO, activa-
tion [6]. Carbons were desorbed with TPD and the functional
groups (carbonyl, carboxylic, phenolic, etc.) were investigated.
Wu et al. [7] prepared activated carbon and measured it
with TPD. It was found that KOH-activated carbon released
more CO, than steam-activated carbon did. TPD measure-
ment is getting more important in the field of activated carbon
research.

Recently, NaOH activation, which reduces chemical activa-
tion cost and environmental load, has gradually been drawing
more attention from researchers [8—13]; but studies have been
limited to coal as raw material. Activated carbon prepared from
plant material is higher of O/C and H/C ratios and its phys-
ical properties, chemical properties, and adsorption type are
significantly different from those prepared from coal. Good
effects of activated carbon prepared from hard plum kernels
were found in the previous studies [14,15]. Thus, in this study,
high surface area activated carbon was prepared from plum ker-
nels by NaOH activation, having a lower environmental load.
The physical properties (adsorption and desorption isotherm of
N, at 77K and scanning electron microscope) and the chemi-
cal properties (elemental analysis and temperature programmed
desorption) of activated carbon were measured. Adsorption on
dyes and phenol was used to investigate adsorption type. In order
to understand the NaOH activation mechanism of raw plant
material, the optimum dosage of NaOH activation had to be
evaluated.

2. Materials and methods
2.1. NaOH activation

In this study, the plum kernels were pretreated at 110°C
for more than 24 h until dry and then put into a high tem-
perature oven, which was kept oxygen-starved by introducing
nitrogen gas. The oven was kept at 450 °C for 2 h to carbonize
the plum kernels. The carbonization yield of plum kernels was
37.0 wt.%.

The char was ground and sieved and the part with a particle
size between 0.833 and 1.65 mm was activated. The activation
was done by dissolving some NaOH in water to which the char
was added, uniformly mixed, dried at 130 °C, and then placed in
a high temperature oven. Nitrogen gas was introduced into the
oven. The oven was heated to 780 °C and kept there for 1 h. The
product was neutralized with equal NaOH equivalents of HCI
solution (600 cm?) till the disappearance of most of the CO,
bubbles, then a large amount of 10% HCI solution was added,
it was water bathed at 80 °C for 1 h, after which washing was

continued with distilled water till the pH of the water was neutral.
The samples were classified according to agent/char ratio as
PKNO, PKNO.5, PKN1, PKN2, PKN3, and PKN4. The first two
characters, PK, represent the plum kernels; the third character,
N, represents NaOH activation; the last number represents the
weight NaOH/char ratio.

2.2. Measurement of pore structure

Burn-off was defined as the ratio of weight of carbon left after
carbonization weight loss of the activated carbon. The BET sur-
face area was obtained from 77 K N isotherm adsorption with
a sorptiormeter (Porous Materials, BET-202A). The adsorption
data of the total pore volume (Vpore) were obtained from calculat-
ing with the manufacturer’s software. Pore size distribution was
inferred using the BJH theory (Barrett, Joyner and Halendya)
[16]. The #-polt method was used to calculate the micropore
volume (Viicro) and the exterior surface area (Sext) [17,18]. The
micropore surface area (Smicro) Was obtained from S}, minus Sex;
[19].

2.3. SEM observation

Activated carbon with particle size between 40 and 80 mesh
was obtained from the sieving. The particles were stuck on to
the measuring tube with carbon glue, gold-plated with a vacuum
electroplating machine for about 60s, and then observed with
SEM (JSM-5600 JEOL Co.).

2.4. Elemental analysis

The sample was uniformly ground, oven-dried at 130°C
overnight. A sample of 3.0 mg was analyzed in an aluminum
box. The sample was analyzed three times with an elemental
analyzer (Elemental Analyzer, Model 611B, CH Instruments).
Adjustment analysis with a standard sample of sulfanilic acid
was carried out in parallel with an ordinary sample analysis.

2.5. Temperature programmed desorption

Activated carbon was oven-dried at 130°C overnight,
weighted, and placed in a U shape reactor. He gas was intro-
duced into the reactor at 30 cm® min~!. The thermal conductive
detector (TCD) was set at 150°C. After the instrument was
stable, the temperature rising program was stared; the tem-
perature rose from room temperature to 800 °C in 50 min. An
information-collecting machine was employed to read and take
the data.

2.6. Procedures for adsorption experiments

Four solutes including acid blue 74 (AB74), basic brown 1
(BB1), methylene blue (MB), and phenol, all from Merck Co.,
were used. Molecular weights were, respectively, 466.4, 419.4,
284.3, and 94.1 gmol~!. The molecular weight of MB does
not include associated chloride ion. The adsorption experiments
were the same as those detailed in literatures [20,21].
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Fig. 1. Adsorption/desorption isotherms of N, at 77K on activated carbon
derived from plum kernels by NaOH activation (carbons are PKNO (O), PKNO.5
(V), PKN1 (d), PKN2 (@), PKN3 (V¥), and PKN4 (H), respectively).

3. Results and discussion
3.1. Physical properties of activated carbon

Before designing and using the adsorption process, the pore
structure of the adsorbent must be done [18,22]. Fig. 1 shows the
curves of the 77 K N isotherm adsorption/desorption of the acti-
vated carbon obtained at six different values of the NaOH/char
ratio in this study. Values of NaOH/char ratio of stage 1 activated
carbon were from 0 to 1 (empty circles in the figure); those of
stage 2 were from 2 to 4 (solid circles in the figure). Fig. 1 shows
that the adsorption volume of stage 1 activated carbons did not
significantly change when the values of P/Py were increased
from minimum to maximum, the pores are mostly straight tubes
[23]. The adsorption volume of this type of activated carbons
was low. For stage 2 activated carbon, the adsorption volumes
of PKN3 and PKN4 were almost the same (=391 cm® g~ 1), that
of PKN2 somewhat lower. The adsorption volumes of these
three activated carbons increased rapidly when P/Py was first
increased, then increased mildly, and then increased least after
P/Py>0.2. The tendencies of these three curves are similar, i.e.
they have similar pore size distributions.

Fig. 2 shows the pore sizes distributions. The pore sizes of
stage 1 activated carbon were mostly smaller than 2 nm; while
those of stage 2 were mostly smaller than 3 nm and gradually
disappeared for pore sizes larger than 5 nm.

0.20

Average pore diameter (nm)

Fig. 2. Pore size distribution of the activated carbon derived from plum kernels
by NaOH activation (carbons are PKNO (O), PKNO.5 (v), PKN1 (OJ), PKN2
(@), PKN3 (Vv), and PKN4 (), respectively).

Table 1 lists the physical properties of activated carbon
derived from plum kernels by NaOH activation. The data show
that the S}, value of stage 1 activated carbons decreased from
290 to 113 m? g~! when the NaOH/char ratio increased from 0
to 1; this is different from that of carbon activated with KOH
[2]. However, the S}, value of this type of activated carbon is
too small. For the time being, they seem to be of no practi-
cal value. However, investigating the activation mechanism and
understanding this phenomenon are quite meaningful. The val-
ues of Sp and V), of PKN2, PKN3, and PKN4, stage 2 activated
carbons, increased with an increased NaOH/char ratio, from
1478 to 1887 m? g~ ! and 0.815 to 1.049 cm® g~ !, respectively.
However, their porosity (¢), micropore ratio (Vmicro/Vp), and
Burn-off hardly increased, from 0.642 to 0.698, 0.82 to 0.86,
and 0.77 to 0.80, respectively. The average pore sizes (Dp) were
2.2 nm, revealing the similar physical properties among these
three samples of activated carbon.

Relationships between the pore characteristics of the acti-
vated carbon and the NaOH/char ratio are shown in Fig. 3a—d;
stage 1 activated carbon is represented by empty circles: stage
2 activated carbon by solid circles. Specific area, pore volume,
and micropore ratio of stage 1 activated carbon decreased with
increased NaOH/char ratio; burn-off of PKNO was 0.5, and of
PKNQO.5 and PKN1 0.71 and 0.72, respectively. This means that
burn-off of PKNO.5 had reached a new equilibrium zone. Spe-
cific area, pore volume, and micropore ratio of stage 2 activated

Table 1

Physical properties of carbon derived from plum kernels by NaOH activation

Carbons Sp m?gh Vo (em? g1 & (—) Vimicro/ Vp pr (nm) Burn-off b (kgm™3)
PKNO 290 0.169 0.272 0.77 23 0.50 0.611
PKNO.5 183 0.120 0.209 0.73 2.6 0.71 0.561

PKN1 113 0.083 0.155 0.63 2.9 0.72 0.517

PKN2 1478 0.815 0.642 0.82 22 0.77 0.327

PKN3 1772 0.977 0.683 0.85 2.2 0.80 0.229

PKN4 1887 1.049 0.698 0.86 22 0.79 0.266

# Porosity () = V,/[V, +(1/p5)].
b Average pore diameter (Dp) =4V,/Sp.
¢ Bulk density(pop).
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Fig. 3. (a) BET surface area (S}), (b) total pore volume (V}), (c) micropore volume rate (Viicro/Vp), and (d) burn-off of activated carbon at different NaOH/char

ratios.

@
Fig. 4. SEM photos: (a) PKNO, (b) PKNI1, (c) PKN2, and (d) PKN4.
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carbon increased significantly, meaning that a different reaction
mechanism had been triggered; and their burn-off was still main-
tained in a near equilibrium zone (0.7-0.8). It is of interest that
the S;, value increased from 183 to 1887 m? g~ ! in the burn-off
equilibrium zone (PKNO.5 to PKN4); a huge variation. This is
like making loose cakes of different porosities from the same
quantity of flour; stage 1 activated carbon can be thought of as a
dense cake of an unsuccessfully fermented product, while stage
2 carbon, as lose well-fermented cakes. So, specific area, pore
volume, and micropore ratio of Fig. 3 appear to have a tendency
to increase with increased NaOH/char ratio at stage 2.

3.2. SEM observation

Fig. 4a—d were 1000x magnified SEM photos of the acti-
vated carbon. Fig. 4a shows that PKNO had some large holes and
walls within which there were many tiny holes, surface pyrolysis
being the primary reaction in the activation process. PKNI, in
Fig. 4b, showed severe erosion on the mouths of both the huge
and tiny holes within walls. Surface pyrolysis and NaOH etch-
ing occurred in the activation process, but only on the surface.
Thus, the BET specific surface area and the total pore volume
decreased, resulting in a decreased micropore ratio. Fig. 4c and
d show compressed and twisted holes walls due to swelling.
Swelling in PKN4 was more violent than PKN2, thus the S}, and
Vp values of PKN4 were larger.

3.3. Elemental analysis of the chemical properties of
activated carbon

In this study, the chemical compositions of activated carbon
obtained from elemental analysis are listed in Table 2. PKNO
in Table 2 is in agreement with those stated in the literatures:
elements H and O of botanic material lose more easily in the
heat treatment under oxygen-starved condition [3]. Elements H
and O were more easily lost than element C in raw plant material
in oxygen-starved pyrolysis.

Loss ratio is defined as the ratio of weight loss of a certain
element in char during activation to the weight content of that
element in char (X¢h,), which can be calculated as:

Xchar — Xac(1 — Burn-off)

1.0 I T T
0.9
0.8

0.73;/

0.6

Loss ratio (-)

0.5

0.4

NaOH/char (-)

Fig. 5. C, H, and O loss% of activated carbon at different NaOH/char ratios.

where X pqr is the element X weight content in char and X is
the element X weight content in the activated carbon.

X can be any one element of C, H, and O. Loss ratios of C, H,
and O are listed in Table 2. Data in the table show that loss ratios
of H and O were higher than that of C; this is the case of raw
plant material (char) after pyrolysis; the highest loss ratios of H
and O occurred to PKN2; the highest loss ratio of C occurred
to PKN3. Fig. 5 shows the relationships between loss ratios of
C, H, and the NaOH/char ratio. C loss ratios already reached
a new equilibrium zone (0.70-0.78) with PKNO.5; H loss ratio
also reached a new equilibrium zone of 0.87-0.95 with PKNO.5.
Note that only the O loss ratio curve has a two-stage characteris-
tic: stage 1 loss ratios were between 0.69 and 0.72, while stage 2
loss ratios were between 0.84 and 0.86. This distinction between
stages is in accordance with the physical properties of Section
3.1. It can reasonably be inferred that the largely increased val-
ues of S, and V), of stage 2 activated carbon is because of the
increased O loss ratio. Thus, the reaction mechanism can be
assumed as:

4NaOH + C <— 4Na + CO, +2H,0 )

The reaction mechanism was proved to exist as reported in lit-
erature [24]. Na production in Eq. (2) joins the following reaction
mechanism:

X loss ratio = (1) idati hydration

X char 2Na" 8" Na, 0 "—>""NaOH 3)
Table 2
Chemical compositions of the raw material and activated carbon
Activated carbons Elemental composition (wt.%) C loss ratio H loss ratio O loss ratio

C H N S Odiffa

PK-Char 73.80 343 0.69 0.12 21.97 0 0 0
PKNO 83.72 1.75 0.63 0.09 13.82 0.433 0.745 0.685
PKNO.5 76.22 1.52 1.17 0.05 21.04 0.700 0.871 0.722
PKN1 74.36 1.44 0.79 0.03 23.38 0.718 0.882 0.702
PKN2 85.23 0.92 0.88 0.02 12.95 0.734 0.938 0.864
PKN3 80.81 1.27 1.08 0.02 16.82 0.781 0.925 0.847
PKN4 80.76 1.31 1.01 0.03 16.89 0.770 0.919 0.839

2 Qyifs: the oxygen is assessed by difference.
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It can be inferred that the gas produced in formula (2) is the
main reason for the swelling of the activated carbon and the
increased values of S, and V); formula (3) is the reason for the
increased O loss ratio.

It is commonly believed that the mechanism of NaOH acti-
vation is according to the following reaction [22]:

6NaOH + 2C <— 2Na + 2Na,COs + 3H, )

Metal ions also deposited on the cover and walls of the con-
tainer [10]. However, this cannot fully explain the huge loss
ratios of H and O of the raw plant material (char). But, if part of
the Na produced in formula (4) subsequently joins the reaction
of formula (3), then the increased loss ratios of C, H, and O of
PKNO.5 can be explained.

3.4. Temperature programmed desorption of the chemical
properties of activated carbon

Inert gas (He) is introduced through the sample surfaces
in temperature programmed desorption. Desorption begins as
the temperature of the sample rises. At lower temperatures
(<550°C), CO, is desorbed because of the existence of anhy-
drides, lactones, and carboxyl; while the desorption of CO
occurs at higher temperatures (above 500 °C) because of the
existence of quinine, hydroxyl, and carbonyl groups [25-27].
Thus, distribution of oxygen-containing functional groups can
be understood with the TPD results. Fig. 6 shows results of the
TPD of the activated carbon studied in this work. Desorption of
PKNO at lower temperatures (<550 °C) and at higher tempera-
tures (>500 °C) are the most; PKN4, next; PKN2, the least. This
is in accordance with the H and O of elemental analysis. PKN2
has the least desorption because of its high loss ratios of Hand O.

3.5. Isotherm adsorption

High surface area activated carbon of similar physical and
chemical properties (PKN2, PKN3, and PKN4) was employed
to study isotherm adsorption on dyes (MB, BB1, and AB74) and

Table 3

3.0

25

Intensity
o

7
PO I/ N SR NN IR B
100 200 300 400 500 600 700 800

T(°C)

Fig. 6. Evolution profiles of CO, and CO by temperature programmed desorp-
tion (carbons are PKNO (—), PKNI1 (- - ), and PKN4 (——-), respectively).

phenol in this work. The results are described with the Langmuir
isothermal equation as follow:

C 1 1
== < > + < ) Ce )
qe K1Lgmon dmon

where C. and g, are, respectively, the concentration (gm~>)
and adsorption amount (g kg~!) at adsorption equilibrium, gmon
the amount of adsorption corresponding to monolayer cover-
age (gkg™!), and Ky is the Langmuir constant (m> g~!). The
results are summarized in Table 3. All 7* values were larger than
0.995, meaning that the data were suitably fitted with the Lang-
muir isothermal equation. The gnon values of MB adsorption on
PKN2, PKN3, and PKN4 were from 765 to 828 gkg’l; AB74,
from 549 to 567 gkg~!; BBI, from 1453 to 1845 gkg~!; and
phenol, from 269 t0 277 gkg ™. The gmon values of adsorption of
MB, AB74, and phenol hardly varied with the change of values
of the NaOH/char ratio.

Data of adsorption isotherm equilibrium provide the infor-
mation not only of adsorption amount, but also for judging the
adsorption type. Difference of adsorption types of activated car-

Parameters of the Langmuir equation and separation factor in the adsorption of dyes and phenol solutes on various samples of activated carbon at 30 °C

Solute Adsorbent Langmuir equation Favorable parameter, K1,C; Separation factor, R ?
Gmon (g kgil) KL (m3 gil) I

MB PKN2 765 0.560 0.9999 392
PKN3 785 0.361 0.9991 253 0.0039
PKN4 828 0.488 0.9995 341 0.0029

AB74 PKN2 549 0.163 0.9952 65.2 0.0151
PKN3 561 0.155 0.9961 62.1 0.0158
PKN4 567 0.216 0.9971 86.2 0.0115

BB1 PKN2 1453 0.049 0.9990 48.6 0.0206
PKN3 1529 0.049 0.9994 48.6 0.0206
PKN4 1845 0.030 0.9976 30.2 0.0321

Phenol PKN2 259 0.043 0.9986 20.4 0.0467
PKN3 262 0.043 0.9996 20.3 0.0469
PKN4 277 0.042 0.9951 19.9 0.0478

@ Ry =11+ (KLC)).
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Fig. 7. Adsorption isotherms of dyes and phenol at 30 °C on the PKN2 acti-
vated carbon (adsorbates are phenol (O), MB (V), BB1 (O), and AB74 (O),
respectively). The solid curves were calculated with the Langmuir equation.

bon adsorption on different adsorbates shown in Fig. 7 can be
understood from the following discussion.

Dimensionless separation factor, Ry, can be calculated from
the fitted Langmuir isotherm equation to determine the type of
adsorption process [28]. Separation factor, Ry, is defined as:

1

SRy ©

or expressed by Favorable parameter, K1 Cj, as

KiC = ™
Ry

C; value in formulas (6) and (7) is the initial concentration,
the maximum value, of the adsorption process. The relationships
of Ry, K1.C; and type of process are shown in Table 4. The Ry,
value is classified as: R, > 1 meaning Unfavorable; 0<Rp <1,
Favorable; Ry =0, Irreversible. Actually, the Ry, values of all
adsorbents are between 0 and 1 (Favorable type). In this work,
the Ry, values of PKN2 adsorption on MB, AB74, BB1, phenol
were, respectively, 0.0025, 0.0151, 0.0206, and 0.0467, which
would make them a Favorable type. But it is difficult to eval-
uate Favorable level according to Ry, values between O and 1.
In this paper, Favorable parameter, K. C; value, is suggested
to use to evaluate the Favorable level, as shown in Table 4. If
K1 Cj value is negative, then it is Unfavorable; if positive, Favor-
able; the larger the K1 C; value, the higher the Favorable level; if
the K1 Cj value approaches infinite, it is an Irreversible process.
K1 Cj value can be employed to judge the Favorable level. For
example: in this study, the K1 C; values of PKN2 adsorption on
MB, AB74, BBI, and phenol were, respectively, 392, 65, 49,
and 20. The K1 Cj value of adsorption on MB is in the hundreds,

Table 4

Separation factor and Favorable parameter

Ry, value K1,C; value Type of process
Ry >1 K1 .Ci<0 Unfavorable
O<RL<1 K Ci>0 Favorable

R =0 K1 C; — oo Irreversible
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Fig. 8. Plot of gmon/agent ratio and Sp/agent ratio against NaOH/char ratio of
NaOH-activated carbon (adsorbates are MB (0), AB74 (v), BB1 (0OJ), and
phenol (), respectively).

and therefore extremely Favorable; adsorption on AB74, BB1,
and phenol are in the tens, therefore highly Favorable; if K1 C;
value is a single digit, then it is Favorable; if it is a decimal,
it is weakly Favorable. Judging the Favorable level is of great
significance for engineering applications. In this study, the K1 C;
values of the adsorption of PKN2, PKN3, and PKN4 on certain
adsorbates are close, meaning they are of similar adsorption type
and highly Favorable.

3.6. Evaluation of activated carbon

For activated carbon preparation, the main cost lies in the
consumption of the activation agent. Thus, the activation agent
that produces the highest surface area per unit weight is the
most economical. Surface area obtained per unit activation agent
(Sp/agent ratio) of PKN2 in Fig. 8 is the highest. Porosity, micro-
pore ratio, and burn-off of PKN?2 is the lowest and bulk density
of it, the highest, among the high surface area activated carbons
(PKN2, PKN3, and PKN4). This means that PKN2 is of higher
mass transfer efficiency, higher yield, and higher mechanical
strength. Content of element C of PKN2 is higher, meeting the
chemical property of good activated carbon [29]. The adsorption
amounts per unit agent on four different adsorbates of PKN2 as
shown in Fig. 8 are the highest. Favorable levels of PKN2 on
four kinds of adsorbates are ether highly or extremely favorable.

4. Conclusions

Activated carbon prepared from the char of plum kernels
using NaOH activation were studied. Microporous activated car-
bon with a surface area from 1478 to 1887 m? g~! were obtained
at a NaOH/char ratio from 2 to 4. According to the pore charac-
teristics and SEM observation, it was inferred that there were two
kinds of activation mechanisms: surface pyrolysis (NaOH/char
ratio from O to 1) of stage 1 activated carbon; chemical etching
and swelling (NaOH/char ratio from 2 to 4) of stage 2 acti-
vated carbon. According to elemental analysis and temperature
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programmed desorption, it was inferred that the increased loss
ratio of element O at a NaOH/char ratio from 1 to 2 is the key
reason for swelling of stage 2 activated carbon, the reaction
being according to formulas (2) and (3). Data obtained from
isotherm equilibrium adsorption on dyes (MB, BB1, and AB74)
and phenol suitably fitted the Langmuir isothermal equation;
and the type of adsorption process was judged according to
separation factor (Ry) and Favorable parameter (K C; value)
as either extremely or highly favorable. Guidelines for evaluat-
ing chemically activated carbon for potential application were
suggested. Activated carbon PKN2 in this study has these spe-
cial characteristics and can be recommended as economical and
environmentally friendly activated carbon.
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