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Abstract. The performance of KLK06 CR004 as the iodine sampler system is certainly related with
the specification, also with the adsorption properties and capacity of the filter filling material,
which is applied on that system. A certain Activated Carbon material is applied as the filling
material for the filter part of KLK06 CR004, for the purpose of radioactive iodine sampling from
the released air through the RSG — GAS stack. The characterization of the activated carbon for
KLK06 CR004, with and without TEDA doping, has been carried out to develop as a candidate
for the iodine sampler system. The material used in this research was The KLK06 CR004 activated
carbon and The KLK06 CR004- TEDA doping with various composition of TEDA. The surface
morphology of the activated carbon was investigated by Scanning Electron Microscope (SEM).
Moreover, the qualitative and quantitative analysis of the activated carbon composition was also
carried out in this research, by occupying the Energy Dispersive Spectroscopy (EDS). The
adsorption surface area and particle size sample were analyzed by the Particle Size Analyzer
(PSA) and Brunauer, Emmett, and Teller (BET).
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1. Introduction

Several studies regarding the capture of radioactive iodine compounds by applying the porous
sorbents has resulted in significant interest over recent years as it is related to operational safety
and the treatment and safe disposal of generated radioactive waste. When nuclear accident occurs,
such as what happened in Chernobyl (1986) and Fukushima (2011), gaseous radionuclides have
been released with significant quantity. The released radionuclides are mostly highly volatile and
harmful long-lived *2°1, and also the short-lived '3L1. [1] lodine-137 has been by far the most serious
pollutants in the general environment from fallout and as atomic wastes. lodine-131 (half-life, 8
days) has been a serious pollutant in spite of its low half-life because it has been produced in high
yield by fission (both in weapons and reactors). It is efficiently taken by cows from grass and hay

and put into milk and one tiny gland, the thyroid of man and animalsconcentrates it very effectively
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[2].

Activated carbon is often applied in nuclear technology as a filter in the emergency ventilation
system of the reactor building which is switched on automatically when reactor failure occurs.
Among the various fission product released during nuclear plant operations, radioiodine is
considered as the most important because it produced radioactive iodine isotopes 13! and 123, 113!
is the most abundant isotope and combined with hydrocarbons to produce CHz 1*3* which is highly
poisonous. Activated carbon can be used for the removal of elemental radioactive iodine and its
components [3]. However, the removal efficiency of the activated carbon is very small because of
the propensity of water adsorption. Therefore, activated carbons are doped with different chemical
reagents such as potassium iodide (KI) or Triethylenediamine (TEDA) [4]. One of the earliest
compounds used for the treatment and capture iodine compounds are KI and TEDA. TEDA was
selected for use as the dopant material in this research, and as it is known, the use of TEDA as a
dopant on activated carbon originates from its application in the nuclear industry. There is an
acknowledgement that the adsorption capacity of activated carbon for radioactive methyl iodide,
the common form or compound of radioactive iodine, could be significantly increased by applying
TEDA as the dopant material for the activated carbon. For increasing the iodine adsorption
capacity of activated carbons, these materials are doped with TEDA with a concentration usually
between 0 and 10wt% [5].

The doped TEDA activated carbon leads to an increase of the methyl iodide adsorption
efficiency under high humidity conditions because it provides the solid a loftier functionality to
adsorb the methyl iodide by the mechanism of specific dispersive interactions between methyl
iodide and TEDA to form stable ammonium salts, which remain fixed within the adsorbent porous

structure [6]. The general mechanism of that reaction is provided in Figure 1 [7,8].
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Figure 1. Chemical reaction between radioactive methyl iodide with the doped TEDA on the
activated carbons.

Most researchers have suggested an adsorption mechanism consisting of two simultaneous
dissimilar processes which are physical reversible adsorption and chemical irreversible adsorption.
There is a clarification that the capture of radioactive methyl iodide by TEDA was a first-order
catalytic reaction. However, another study justified that the doping of TEDA into activated carbons
is transformed by reacting with iodine compounds such as methyl iodide via SN2 nucleophilic
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substitution to become a quaternary amine [9].

Activated Carbon has been used as the main material of the iodine sampler system. This
material has excellent properties in adsorption of radioactive iodine sampling from the released air
through the RSG — GAS stack. lodine adsorption system in RSG — GAS is usually performed by
KLKO06 CR004. This system is able to collect iodine in any form such as elemental iodine and
methyl iodide [10]. The air to be measured passes through the iodine filter cartridge. This cartridge
is filled by activated carbon material, as the iodine collector. During the operation period of RSG
— GAS, the KLK06 CR004 system is always activated as the iodine collector. After the reactor
operation, the iodine concentration in the activated carbon inside the iodine filter cartridge is
investigated by a gamma spectrometry system. Therefore, the effectivity of activated carbon for
adsorbing the iodine is an important thing [3].

The information about technical specification of the activated carbon; which describes the
adsorption properties and the adsorption capacity of the activated carbon, is still not available up
to now. In this research; samples of the activated carbon from KLK06 CR004 system were doped
by applying TEDA. Then, the characterization of the TEDA doped activated carbon samples was
carried out by occupying the Brunauer, Emmett, and Teller (BET) Surface Area Analyzer, the
Scanning Electron Microscope (SEM), and the Energy Dispersive Spectroscopy (EDS). Those
treatment and investigation are carried out in order to figure out the adsorption properties and the
adsorption capacity of the KLK06 CR004 activated carbon; after the modification of the previous
activated carbon, which is done by applying the TEDA as the dopant material.

Activated carbons are well known for their high surface area and complex pore structure. Since
it is possible to prepare a wide range of activated carbons from many precursors using different
activation methods, it is important to have a method of characterizing the properties of these
materials. Until now, the most widely accepted method for such characterization is the
measurement of adsorption and desorption isotherms of probe molecules with known molecular
dimensions. Theoretical models for the adsorption of gas molecules onto porous surfaces
combined with experimental data allow elucidation of properties such as apparent surface area,
pore size distribution and pore volume. The most popular adsorbate molecule for this purpose is
nitrogen due to its non-polar, inert nature and small size. The BET surface area analyzer operation
is based on that concept. The presence of dopant material, such as TEDA, will probably reduce
the surface area of the activated carbon. However, proportional concentration of TEDA will
increase the iodine adsorption capacity of the activated carbon, due to the occurrence of reactions
between the dopant and the contaminant to yield quaternary ammonium salts [6].

Moreover, the surface morphology and the porosity structure of the activated carbon is

investigated by performing the SEM observation. The SEM utilizes a beam of electrons to scan

166



Journal of Fibers and Polymer Composites 1(2): 164-180 (2022)
the surface of a material and has the capability to perform the direct observation of material surface
characteristics at the very micro levels. Due to the great range of its magnifications and sharp
resolutions which can be obtained with the SEM, it has been applied in a lot areas of science and
industry, especially in the fields of materials engineering, biological and medical sciences for the
investigation and characterization of the micro-structure of materials.

The SEM generates a focused beam of electrons to make the detailed image of a material and
to obtain information about its structure and composition. The SEM is capable of providing the
information about the topography, morphology, composition, and crystallographic information
[11]. With the SEM characterization capability, then, there is a lot of opportunity to resolve the
previous unaddressed issues regarding the characterization development of the activated carbon
porosity. This capability also makes the SEM to become a very useful instrument for the advanced
study of the activated carbons.

The topographic information possibly gained using the SEM allows that surface details such
as pore characteristics, the description of which has been a major focus of activated carbon
researcher, to be investigated and analyzed directly from SEM micrographs. Also, the ability of
SEM to disclose compositional details of a sample makes it a reliable instrument for researching
the surface chemistry, also the characteristics of the activated carbons. Additional features of the
SEM make it capable of disclosing the details of a sample with the size less than 1 nm. The SEM
images of the activated carbon, without and with the presence of dopant material, are as shown in
Figure 2 [12].

Figure 2. SEM images of undoped activated carbon (a), and doped activated carbon with
different concentration of the dopant (b) [12]

Energy Dispersive Spectroscopy (EDS) analysis was employed to observe the physical
morphology of sample surfaces and to analyze the element compositions, including the visible
light elements such as carbon, nitrogen and oxygen. EDS detector equipped with ultra-thin element
light windows that detect elements with atomic numbers > 4. Qualitative elemental analysis

involves the assignment of elements to the characteristic X-ray peaks recognized in the EDS
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spectrum [13]. This function is routinely performed with automatic peak identification (e.g.,
“AutoPeakID”) software embedded in the vendor EDS system. As characteristic X-ray intensities
are proportional to the particular element’s concentration, therefore, semi-quantitative analysis can
be performed. The concentrations of unknown elements in a sample can be obtained by matching
the intensities of characteristic X-ray of standard sample with that of the unknown sample.
However, X-Ray generated in the sample may be either absorbed within the sample or excite the
X-rays from other elements before being emitted in vacuum. Therefore, correction is required in
this analysis method for which the several requirements must be considered.

By several studies of this research, it is expected to obtain the information about the optimum
concentration of the TEDA, which can be applied as the dopant material for the modified activated
carbon of the KLK06 CR004 system. With the optimum concentration of the TEDA for modifying
the previous activated carbon [6, 14], it will obtain the more efficient of iodine detection during
the RSG — GAS operation. The characterization studies of the modified activated carbon are also
expected to provide useful information about the properties of the modified activated carbon,

which implies or indicates the iodine adsorption capacity of the modified activated carbon.

2. Methods
2.1. Material

In this research, the activated carbon from the cartridge of KLK06 CR004 was taken as the
granular carbon samples, for the synthesis of composite or modified activated carbon, which was
referred as the TEDA doped activated carbon. The chemicals used in the synthesis of composite
or modified activated carbon include: triethylenediamine (TEDA), ethanol 96 % (specification),
NaOH (specification) and aquadest.

The equipment used in this research includes: High Energy Milling (HEM), Hot Plate with
Magnetic Stirrer, Furnace, Filter Paper, Laboratory Glassware, Brunauer, Emmett, and Teller
(BET) Surface Area Analyzer, Scanning Electron Microscope (SEM) — Energy Dispersive
Spectroscopy (EDS), and other required tools, detailed according to the implementation stage. The
stages in which the tools used are as follows:

1. Synthesis of Composite or Modified Activated Carbon

Equipment for the synthesis of composite or modified activated carbon: analytical balances,
high energy milling (HEM), hot plate with magnetic stirrer, furnace, oven, filter paper, and
glassware commonly available in laboratories.

2. Characterization of The Activated Carbon

Equipment for characterization of the activated carbon: Brunauer, Emmett, and Teller

(BET) surface area analyzer, scanning electron microscope (SEM) — energy dispersive
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spectroscopy (EDS), analytical balances, oven, porcelain dishes, desiccators, furnaces, and
glassware commonly available in laboratories.

2.2. Methods

A. Preparation

This research stages began with the size reduction of the granular carbon, to obtain powder

sized carbon, using the High Energy Milling (HEM).

B. Synthesis of Composite or Modified Activated Carbon

1. The activated carbon samples were made into 4 different types of samples, with the weight

of each sample was 5 grams:
a. Activated carbon without TEDA
b. Activated carbon with 0.15 grams of TEDA (3%)
c. Activated carbon with 0.30 grams of TEDA (6%)
d. Activated carbon with 0.45 grams of TEDA (9%)

2. Then, each sample was dissolved by using 8 ml of ethanol 96%. Each mixture was stirred
and heated at 76°C, for 2 hours.

3. The 22.5 mL of 2 M NaOH solution was added into each mixture, and each mixture was
stirred for 1 hour.

4. Each mixture, then, was allowed to stand for 12 hours. After that, each mixture was filtered
by using filter paper. The sediment obtained from the filtration process, then, was dried in
the oven at 60°C.

C. Characterization of The Activated Carbon

The surface area of each sample was measured by occupying the Brunauer, Emmett, and Teller
(BET) surface area analyzer. Afterwards, the surface morphology, also the qualitative and
quantitative of each sample was observed by occupying the scanning electron microscope (SEM)

— energy dispersive spectroscopy (EDS).

3. Results and Discussion

3.1. Surface morphology analysis

The surface morphology of the activated carbon (AC) sample without TEDA dopant (0%) also
the activated carbon with TEDA (3%, 6%, dan 9%), has been investigated using the Scanning
Electron Microscope (SEM); with the magnification up to 5000 times, as shown in Figure 3. The
SEM image, resulting from the secondary electron (SE) imaging; shows that, the activated carbon
samples have heterogenous form, which are in the form of flake, granule, and rod. These
heterogenous form is possibly formed by the constituent raw materials of the activated carbon, and

due to this condition; the activated carbon becomes a porous material, which is formed by the
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combination of these form in the solid phase. Also, due to these heterogenous form; each activated

carbon sample has a wide range of its particle size, which may vary from 1 um up to 10 um.

SEI  20kV
100% CA

SEI  20kV mm  SS42 x sm SEI 20kV  WD10mm SS42 x2,500  10pm
CA+TEDA (3%) 2022 CA+TEDA (3%) CA+TEDA (3%)

SEI  20kV
CA+TEDA (6%)

!i

SEI 20kV  WD10mm SS57 10pm SEI  20kV  WD10mm SS57 SEI 20V WD10mm SS57
CA+TEDA (9%) 3 CA+TEDA (9%) 5 Sef CA+TEDA (9%)

(d) AC with TEDA (9%)
Figure 3. The surface morphology of the activated carbon samples, investigated by SEM,
with magnification from 1000, 2000, and 5000 times.

Whereas, the activated carbon sample with TEDA (3%, 6%, and 9%) has similar surface

morphology with the pure activated carbon, since TEDA does not affect the microstructure
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physically, rather attached to the surface layer and the pore of the activated carbon to increase the
iodine adsorption capacity by the reaction of the attached TEDA and iodine [15, 16]. Each sample
has been investigated with the magnification of 1000, 2500, and up to 5000 times; thereby, it can
be disclosed that the three types of the particle form are located at the whole surface of the sample.
This morphology is partly similar with the identification results which are provided by Maghsoud
Gourani dan Matthew Chinn [12, 15]. They successfully obtained the surface features of the
activated carbon such as the pore characteristics. Further investigation for qualitative and
quantitative analysis of the activated carbon is possible to be carried out using back scatter electron
(BSE) method of the energy dispersive spectroscopy (EDS) analysis, which is coupled with the
SEM [13]. The nature of activated carbon is highly dependent on the activation process and the
nature of the base material so that it greatly affects the change in adsorption capacity, porosity,
surface area, and pore volume [3, 17, 18]. The heterogenous form of the activated carbon samples
lead to the explanation that they have a relatively high total surface area with a relatively high level
of porosity and also geometrically solid.

3.2. Energy Dispersive Spectroscopy Analysis

In this research, the energy dispersive spectroscopy (EDS) is applied to figure out the element
composition in each sample. Before conducting the investigation and the analysis, for the activated
carbon (AC) sample without TEDA dopant (0% TEDA); also, for the TEDA doped activated
carbon samples (with 3%, 6%, and 9% of TEDA), each sample was dissolved into 96% ethanol,
and 2M NaOH was added into each solution. Based on the semi-quantitative analysis result of
each sample, the congruence of stoichiometry composition of each sample is able to be confirmed.
Figure 4 shows the analysis results regarding the elementary composition of the sample without
TEDA dopant and the TEDA doped samples.

Figure 4 shows that several elements in the activated carbon sample without TEDA dopant are
detected. Carbon (C) at energy channel of 0.277 keV, oxygen (O) at 0.525 keV, and natrium (Na)
at 1.041 keV. The detected C and O are possibly the constituent of the activated carbon and ethanol.
Meanwhile, the Na is possibly the constituent of NaOH. However, the very light element; H, was
not able to be detected by EDS analysis.

Whereas, in the analysis results of the TEDA doped activated carbon (3%, 6%, and 9%);
besides the constituent of activated carbon itself and the constituent of ethanol, the detected C also
comes from the hydro-carbon group of the TEDA. However, there is an anomaly regarding the
analysis result of the activated carbon sample with 9% TEDA since the dispersive energy peak of
calcium (Ca) also appears. Yet, still the source of Ca remains unknown. Then, a normalization
toward the sample is required for eliminating the Ca. Moreover, the semi-quantitative analysis

result, regarding the elements content, is as shown in Table 1.
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Figure 4. The EDS analysis results by applying the energy channel from 0 up to 10 keV.
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Table 1. The EDS analysis result regarding the elements content of the activated carbon samples

Nr. Elements Content (wt %)
AC without AC with AC with AC with
TEDA 3% TEDA 6% TEDA 9% TEDA
1. Carbon (C) 68.14+0.04 70.32+0.04 73.10+0.04 74.21+0.05
2. Oxygen (O) 2545+041 2468+0.36 21.35+041 20.03+0.51
3. Natrium (Na) 6.41 +0.13 5.00+0.11 5.54 +0.12 576 £0.14

Table 1 shows that the C content increases with the concentration increase of the doped TEDA,
from 68.14 wt% up to 74.21 wt%. This means that the presence of C element is not only from the
activated carbon and ethanol, as the activating reagent. There is also C element contribution from
hydro-carbon group of TEDA, as the dopant material. The increase of TEDA content in the
activated carbon samples may prove that the doping mechanism of TEDA to the activated carbon
samples has met the expectation.

As the dopant materials in the activated carbon samples, the presence of TEDA will also change
the content value of O and Na. The content value of O will decrease with the presence of TEDA,
and it will be quite decreased with the increase of the doped TEDA concentration. Meanwhile, the
content value of Na will significantly decrease after the TEDA doping. However, the content of
Na will be slightly changed with the increase of the doped TEDA concentration. Therefore,
according to the result of this elementary analysis; the increase of the C content by the
concentration increases of the doped TEDA, has provide an indication; that the TEDA has

successfully been doped to the activated carbon samples by applying the method in this research.

3.3. Particle Size Analysis

The analysis regarding the distribution of particle size was carried out by Particle Size Analyzer
(PSA) using Dynamic Light Scattering (DLS) method by Non-Invasive Back Scatter (NIBS)
technique. The sample was tested in a 4 mW He-Ne laser source with a wavelength of 633 nm,
with measurement range (hydrodynamic size) of 0.6 nm — 9000 nm [19]. The sample has to be in
liquid form, or nanometer-sized powder dispersed in a liquid medium. Particle size can calculate
the particle size from the angle of the light scattered by the particle stream passing through the
laser beam. DLS can determine the size of the intensity fluctuations of the scattered laser beam
created by the Brownian motion of the particles. The induced lattice particle size analyzer
identifies the smaller particle sizes in solution by electrically aligning the particles and then
measuring their diffusion. Figure 5 shows the results of the particle size analyzer (PSA) analysis
of activated carbon without TEDA (0%) and activated carbon (AC) with TEDA (3%, 6%, and 9%).

173



Journal of Fibers and Polymer Composites 1(2): 164-180 (2022)

Size Distibution by Intensity

16 100
14
- 80
g 12
8
5 10 80 S
< &
> 8 g
g 6 0 3
| =4
= 4
20
2
0 ‘0
1 10 100 1000 10000
Size (d.nm)
I intensity (Record 78 54584_CA 100%) Undersize (Record 78 54584_CA 100%)|
(@) AC without TEDA (0%)
Size Distribution by Intensity
12
10
g
L =1
< Ll &
z 6 @
N
s 4 ®
=
2
0 . . .
1 10 100 1000 10000
Size (d.nm)

Undersize (Record 79: 54584 _CA +TEDA 3%)|

[ intensity (Record 79: 54584_CA +TEDA 3%)

(b) AC with TEDA (3%)
Size Distribution by Intensity
14 100
12t
~ 80
E10
S s B0 §
=4 @
= a
E S 0
E 4} :
20
2
0 0
1 10 100 1000 10000
Size (d.nm)
B intensity (Record 80 54584_CA +TEDA 6%) Undersize (Record 80 54584_CA +TEDA 6%)|
(c) AC with TEDA (6%)
Size Distribution by Intensity
10 100
- 8 80
g E
5 6 160 g
- []
= : @
2 4 140 W
=
21 120
0 0
1 10 100 1000 10000
Size (d.nm)

Undersize (Record 81 54584_CA +TEDA 9%)|

(B intensity (Record 81 54584_CA +TEDA 9%)
(d) AC with TEDA (9%)
Figure 5. The results of the particle size analysis of the four samples using PSA measured from

the range of 0.6 nm — 9,000 nm.
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The results of PSA analysis are used to provide confirmation and supporting data based on the
results of particle morphology observations using Scanning Electron Microscope (SEM). It was
stated that based on the results of SEM photos from imaging using secondary electrons (SE), it
appears that both the activated carbon without TEDA sample and the activated carbon with TEDA
sample (3, 6, and 9%) have similar and heterogeneous shapes including flakes, granules, and rods.

This statement is confirmed by the PSA measurement data which shows that the active carbon
sample without TEDA has 3 types of particle sizes which are indicated by the presence of 3 peaks
on the PSA curve. This means that the three peaks indicate that the sample consists of 3 different
particle size ranges. The small, medium and large particle size ranges are similar to the results of
observations with SEM where the small particle size range is thought to be in the form of granules,
the medium particle size is thought to be in the form of small flakes, and large particle sizes are
assumed to be rods and large flakes. The activated carbon sample without TEDA has 3 particle
sizes in the range of 100 nm to 500 nm, 500 nm to 1200 nm, and above 1200 nm, which are 12.4,
75.3, and 12.3%, respectively. The activated carbon sample with TEDA 3% also has 3 particle
sizes in the range of 100 nm to 500 nm, 500 nm to 1300 nm, and above 1300 nm, which are 29.2,
62.3, and 8.5%, respectively. The activated carbon sample with TEDA 6% also has 3 particle sizes
with a range of 100 nm to 500 nm, 500 nm to 1100 nm, and above 1300 nm sizes which are 24.4,
72.8, and 2.7%, respectively. While the activated carbon sample with TEDA 9% also has 3 particle
sizes with a range of 100 nm to 500 nm, 500 nm to 1300 nm, and above 1300 nm size which are
25.5, 66.8, and 7.7%, respectively. It is clear that TEDA does not physically affect the

microstructure, but only absorbs the sample which can increase its adsorption capacity.

3.4. Adsorption-Desorption and Pore Analysis

In Figure 6, it is shown the curve hysteresis isotherm adsorption-desorption Nitrogen (N2) at
temperatures of 77 k from samples activated carbon (AC) without TEDA and activated carbon
with TEDA (3, 6, and 9 %). An analysis in the form of a curve hysteresis isotherm adsorption
describes the occurrence of interaction between N2 gas with a solid activated carbon that also
describes the system geometry pores in sample. The four samples both activated carbon without
TEDA, activated carbon with TEDA (3, 6, and 9%) show a relatively small hysteresis curve
widening and adsorption properties are still limited to high P/Po. This means that the four samples
of activated carbon have relatively low mesoporous system. However, by increasing the content
of TEDA, the isotherm adsorption is able to be increased. The widening of hysteresis curve shows

that the material is mesoporous due to capillary condensation in the mesopore system.
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Figure 6 shows also the measurement results of the total surface area of the material, which is
analyzed based on the method of Brunauer, Emmet, and Teller (BET) [20]. Moreover, based on
this BET analysis, pore size distribution was also obtained, where in general pore size can be
classified into 3 types, which are; pore diameter size < 2 nm, pore diameter size between 2 nm up
to 50 nm, and pore diameter size > 50 nm. These 3 types of pore size respectively referred to as
micropores, mesopores, and macropores.

The measurement results of the total surface area of activated carbon samples without TEDA
are 199.533 m?/g. However, after adding TEDA with the concentration of 3%, 6%, and 9%, the
total surface area decreased to 172.997 m?/g, 154.102 m?/g, and 112.168 m?/g. The micropore was
formed in the internal region and the mesopore was relatively developed near the surface region
of the TEDA-AC. The specific surface area of the activated carbon was reduced by TEDA doping
on its surface, and it is because micropore contributed more to form the specific surface area than

the mesopore.
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Figure 7. Total pore volume and average pore radius, as a function of increasing TEDA content.

Figure 7 shows the measurement results of total pore volume and pore radius average to
activated carbon without TEDA and activated carbon samples with TEDA (3%, 6%, and 9%).
Samples of activated carbon without TEDA have a total pore volume of 0.1726 cc/g with an
average pore radius of 17.2993 A, while samples of activated carbon with TEDA (3%, 6%, and
9%) respectively have a total pore volume of 0.1555 cc/g, 0.1474 cc/g, and 0.1243 cc/g with the
average pore radius is increased to be 17.9776 A, 19.1258 A, and 22.1643 A. The decrease in total
pore volume is due to the doping of TEDA, which causing the TEDA take places in the pores of
the activated carbon, and; furthermore, it also enlarges the average pore radius of activated carbon.

According to the pore size distribution of activated carbon without TEDA samples and
activated carbon with TEDA samples (3%, 6%, and 9%), it appears that these four samples of
activated carbon have the pore sizes, which can be categorized as the micropore and mesopore.

Then, another obtained information from the analysis; is that, the initial micropore volume of the
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activated carbon without TEDA and activated carbon with TEDA are respectively 0.086 cm?/g,
0.071 cmd/g, 0.062 cm®/g, and 0.041 cm®/g. Meanwhile, the mesopore volume are respectively
0.089 cm®/g, 0.087 cm®/g, 0.88 cm3/g, and 0.086 cm®/g. Two well-known analysis methods, such
as the Horvath-Kawazoe (HK) method and Barrett-Joyner-Halenda (BJH) method, can be applied
for obtaining these pore size values [20]. Next explanation, is that; the decrease of micropores and
mesopores volume of the TEDA-AC is due to the doped TEDA takes place at the aperture of the
micropores, and is also deposited on the mesopores; causing clogging of the mesopores and
micropores, and therefore, decreasing the surface area of the TEDA doped activated carbon.
4. Conclusions

Activated carbon without TEDA sample and the activated carbon with TEDA sample (3%, 6%,
and 9%) were analyzed by PSA, BET, and SEM-EDS. Based on the results of SEM and PSA, it
appears that both the activated carbon without TEDA sample and the activated carbon with TEDA
sample (3%, 6%, and 9%) have similar and heterogeneous shapes including flakes, granules, and
stems. Based on the results of BET, the total surface area of activated carbon samples without
TEDA is 199.533 m?/g. However, after adding TEDA with the concentration of 3%, 6%, and 9%,
the total surface areas are respectively decreased to 172.997 m?/g, 154.102 m?/g, and 112.168 m?/g.

It also has been figured out, that; samples of activated carbon without TEDA have a total pore
volume of 0.1726 cc/g, with an average pore radius of 17.2993 A. Meanwhile, samples of activated
carbon with TEDA (3%, 6%, and 9%) respectively have a total pore volume of 0.1555 cc/g, 0.1474
cc/g, and 0.1243 cc/g, with an average pore radius is increased to be 17.9776 A, 19.1258 A, and
22.1643 A. The decrease in total pore volume decreased is due to the doping of TEDA, which
causing the TEDA takes places in the pores of the activated carbon, and; furthermore, it also

enlarges the average pore radius of activated carbon.
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