Nuclear Engineering and Technology 52 (2020) 2652—2659

Nuclear Engineering and Technology

journal homepage: www.elsevier.com/locate/net

NUCLEAR i
ENGINEERING AND
TECHNOLOGY

Contents lists available at ScienceDirect

Original Article

Performance evaluation of TEDA impregnated activated carbon under
long term operation simulated NPP operating condition

Check for
updates

Hyun Chul Lee %, Doo Yong Lee * ", Hak Soo Kim °, Cho Rong Kim b

2 FNC Technology Co. Ltd, Heungdeok IT Valley, Heungdeok 1-ro, Giheung-gu, Yongin-si, Gyeonggi-do, 16954, South Korea
b Korea Hydro & Nuclear Power Co., Ltd, Central Research Institute, 1312-70 gil, Yuseong-daero, Yuseong-gu, Daejeon, 34101, South Korea

ARTICLE INFO

Article history:

Received 14 August 2019
Received in revised form

16 April 2020

Accepted 20 April 2020
Available online 23 April 2020

Keywords:

Air cleaning unit
TEDA-Impregnated activated carbon
Methyl iodide penetration test
Long-term operation

Semi-plant scale test facility

Methyl iodide removal performance

ABSTRACT

The methyl iodide (CH3l) removal performance of tri-ethylene-di-amine impregnated activated carbon
(TEDA-AC) used in the air cleaning unit of nuclear power plants (NPPs) should be maintained at least 99%
between 24 month-performance test period. In order for evaluating the effectiveness of TEDA-AC on the
removal performance of CHsl in nuclear power plant during the operation of NPPs, the long-term test for
up to 15 months was carried out under the simulated operating conditions (e.g., 25 °C, RH 50%, ppb level
poisoning gases injection) at nuclear power plants (NPPs). The TEDA-AC samples were analyzed with the
Brunauer-Emmett-Teller (BET) specific surface area and TEDA content as well as CHsl penetration test. It
is clearly evident that more than 99% of CHsl removal performance of TEDA-AC was observed in the
TEDA-AC samples during 15 months of long-term operation under the simulated NPP operating condi-
tions including the ppb level of organic and oxide form of poisoning gases. BET specific surface area and
TEDA content that can affect the CHsl removal performance of TEDA-AC were also maintained as those in
new TEDA-AC during 15 months of long-term operation.
© 2020 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

An air cleaning unit (ACU) in the NPPs is used for indoor air
quality improvement. The ACU installed at NPPs is the engineered
safety feature which is devised to not only reduce the release of the
radioactive material to the environment, but also maintain working
condition for operators in the main control room. The particulate
iodine in the radioactive gases is removed from the high-efficiency
particulate air (HEPA) filter installed in the ACU, and the gaseous
iodine (elemental iodine and organic iodide) is removed with
TEDA-AC in the ACU adsorber. The degradation of impregnated
activated carbon is largely due to an aging, weathering, and
poisoning. The aging and weathering are caused by the oxidation of
activated carbon surface where the oxygen group on activated
carbon surface is converted into CO or CO,, desorption of impure
active substance and adsorption of various substances coexisting in
inflow air [1,2]. The TEDA-AC stored in a drum may progress aging
gradually even though it is not exposed to outside air at all. Even-
tually, the organic iodide such as methyl iodide (CH3l) removal
performance would be gradually decreased. On the other hands,
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the poisoning is the exposure of activated carbon to outside air
containing oxygen, moisture, various types of pollutants (such as a
nitrogen and sulfur oxides, low concentrations of pollutants from
plant material and equipment) or the adsorption and reaction with
solvents, hydrocarbons, and various chemicals. And then, the
iodine removal performance of activated carbon is reduced
temporarily or permanently. Several studies have been performed
for evaluating the life-time of the activated carbon under various
temperature/humidity condition. Deitz conducted experiments to
evaluate the effect of relative humidity and pH to aging of the
activated carbon [3]. Deuber investigated the aging effect of the
activated carbon under various temperature/humidity conditions
[4]. However, no quantitative study has been performed under the
condition of various poisoning gases for over the one year to un-
derstand the aging mechanism of the activated carbon.

The methyl iodide penetration test was performed regularly for
the safe use of the TEDA-AC in the ACU of the NPP [5]. If the per-
formance is not maintained, it will be replaced. Since the aging,
weathering and poisoning processes on TEDA-AC are occurred
simultaneously, it is not easy to investigate each effect, indepen-
dently. The best way to investigate the performance of TEDA-AC is
to secure the TEDA-AC sample for methyl iodide penetration test
from the ACU installed in the NPP. However, this is not possible

1738-5733/© 2020 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dylee@fnctech.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.net.2020.04.020&domain=pdf
www.sciencedirect.com/science/journal/17385733
www.elsevier.com/locate/net
https://doi.org/10.1016/j.net.2020.04.020
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.net.2020.04.020
https://doi.org/10.1016/j.net.2020.04.020

H.C. Lee et al. / Nuclear Engineering and Technology 52 (2020) 2652—2659 2653

during the normal operation of the NPP.

In this study, a semi-plant scale test facility, which simulates the
same configuration of components in ACU with the same linear
velocity and residence time, has been developed to secure the
TEDA-AC samples under the simulated operating conditions, such
as temperature, relative humidity and poisoning gases, in the NPPs.
The TEDA-AC samples periodically taken from the semi-plant scale
test facility have been analyzed to confirm the change of its per-
formance during the long term operation by measuring the BET
specific surface area, TEDA content, and methyl iodide penetration
test.

2. Experimental approaches
2.1. Semi-plant scale test facility

The semi-plant scale test facility was developed to simulate the
ACU and equipped with the same configuration and components of
ACU used in NPPs. As shown in Fig. 1, the semi-plant scale test fa-
cility consists of three test apparatuses and each of those is serially
configured with a flow strainer, a demister, an air heater, a pre-
filter, a HEPA filter and a Type III adsorber. The fan was installed
at the downstream of the test facility to suck and form the air flows
inside the test facility. The one HEPA size square duct, whose
dimension is 610 x 610 x 292 mm (width x height x depth),
continued from inlet to HEPA filter to meet 0.2 m/s of linear velocity
corresponding to 0.5s of residence time. As shown in Fig. 2, the type
Il adsorber located after the HEPA filter was designed to have four
of four inch beds, which is filled with the TEDA-AC [6]. Twelve
canisters (50 mm inner diameter and 100 mm length) were verti-
cally installed at the front and rear of the adsorber to secure the
TEDA-AC samples. The size of Type Ill adsorber was larger than the
size of HEPA filter to install 12 canisters and was designed with Eq.
(1) [6] to meet 0.2 m/s of linear velocity and 0.5s of residence time
passing through the four inch bed.

T=t(A-B)/K-Queq

Where,

(Eq. 1)

T = Residence time, sec

t = Thickness of adsorption bed, m

A = Gross sheet area of all sheets on inlet side or outlet side,
whichever is smaller, cm?

B = Total area of baffles, blanks and margins of all sheet, cm?
K= Convert constant (1/36 x103cm3h/m3s)

Opeq = Flow into the beds, m>/h

1 8000 mm

4500 mm

Strainer Demister Air heater Pre-filter HEPA-filter Adsorber

Fig. 1. Schematic drawing of semi-plant scale test facility.

A 90 mm height of reservoir installed above the Type III
adsorber (965.2 mm width x 965.2 mm height x 312.4 mm depth)
was filled with the TEDA-AC to compensate the volume of TEDA-AC
in case of TEDA-AC packing during the operation [6].

The three test apparatuses were installed inside the environ-
mentally well-controlled room to achieve the steady inlet and at-
mosphere temperatures and humidity, as shown in Fig. 1. Each
semi-plant scale test apparatus has different conditions of
poisoning gas. Eight different poisoning gases, such as formalde-
hyde, toluene, acetaldehyde, m-Xylene, p-Xylene, ethyl-benzene,
SO, and NO, were supplied into each semi-plant scale test facil-
ities controlled by the regulator and mass flow controller through
the gas cylinders.

2.2. Test material

The TEDA-AC used in this experiment was a nuclear-grade
impregnated activated carbon which is the same lot manufac-
tured by the supplier (Dae-duk.Co.,Ltd) for NPPs. Table 1 shows the
physical properties of TEDA-AC used in this experiment, confirming
the acceptance criteria required in the ASTM standards. It is seen in
Table 1 that the physical properties such as density, particle size
distribution and ball-pan hardness meet the ASTM requirements.
On the other hand, the initial specific surface area, micro-pore
volume and meso-pore volume are 861.07 m?/g, 0.36 cm>/g and
0.17 cm?/g, respectively, which was analyzed by using well-known
analysis methods such as the Brunauer-Emmett-Teller (BET) [7],
Horvath-Kawazoe (HK) [8] and Barrett-Joyner-Halenda (BJH) [9]. In
addition, 5.057 wt% of the TEDA is initially impregnated on the
surface of activated carbon, which was analyzed by the thermog-
ravimetric analysis (TGA).

2.3. Test conditions and sampling period

The actual operating conditions of ACU have been inspected in
Korean NPPs. The ACU is operating at 25 °C of temperature and 50%
of relative humidity. The Type III adsorber in the referenced ACU
has 4 inch bed with 0.5s of residence time. As shown in Table 2,
three semi-plant scale test apparatuses were operated at the same
hydraulic conditions, such as temperature (25 °C), relative hu-
midity (50%) and linear velocity (0.2 m/s) corresponding to 0.5 s of
residence time to simulate the NPP conditions. On the other hand,
the poisoning gas conditions were different for each test apparatus;
(1) no poisoning gases in the test apparatus 1, (2) the organic form
of poisoning gases such as the formaldehyde, toluene, acetalde-
hyde, m,p-Xylene and ethyl-benzene in the test apparatus 2, and (3)

4 inch bed

Canister

Reservoir

Support

Flow inlet

Fig. 2. Schematic drawing of Type-IIl adsorber.
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Table 1
Physical properties of TEDA-AC used in experiment.
Contents Standard (method) Acceptance Results
Criteria
Density at dry condition ASTM D 2854 >0.38 g/ml 0.54 g/ml
Particle size distribution Retained on #6 Sieve ASTM D 2862 <0.1% 0.0%
Retained on #8 Sieve <5.0% 1.0%
Through #8, on #12 sieve <60% 51.7%
Through #12, on #16 sieve >40% 46.3%
Through #16 <5.0% 0.5%
Through #18 <1.0% 0.5%
Ball-pan hardness ASTM D 3802 >92% 99.7%
Moisture content ASTM D 2867 State value (%) 3.8%
pH of water extract ASTM D 3838 State value 10.1
Specific surface area BET method — 861.07 m?/g
Micro pore volume HK method - 0.36 cm’/g
Meso pore volume BJH method - 0.17 cm’/g
Impregnated TEDA Contents TGA — 5.057 wt%

the oxide of poisoning gases such as SO, and NO, as well as the
organic poisoning gases in the test apparatus 3. The type and
concentration of poisoning gases shown in Table 2 has also been
chosen considering the analysis results of air quality samples
flowing into the ACU in the NPPs. In order to confirm the change of
physical properties such as specific surface area as well as TEDA
content in TEDA-AC due to ppb level of poisoning gases. The test
conditions for three semi-plant scale test apparatuses are differ-
entiated to see the different poisoning conditions under the same
hydraulic conditions.

As described in Section 2.1, the Type Il adsorber has twelve
canisters for the periodic sampling of the TEDA-AC. Table 3 and
Fig. 3 show the identifications (IDs) of canister for the TEDA-AC
samples and the sampling period. For example, the canister ID 1
was sampled after one month of operation and then this canister
was replaced with new TEDA-AC as the canister ID 13 numbered in
the parenthesis which was then sampled after twenty months of
operation again. On the other hands, some canisters such as
canister ID 1 and 2, 6 and 7, 8 and 9 as well as 10 and 11 were
sampled at the same time according to the planned sampling
period. The canister ID 16 and 17 replaced after sampling of canister
ID 4 and 5 were also sampled at the same time. These two samples
were for the confirmation of repeatability of the methyl iodide
penetration test. The three test apparatuses had the same IDs of
canister and sampling period. The test to secure the periodic TEDA-
AC samples continued for twenty four months and finished with
The TEDA-AC sample for twenty four months of operation.

Table 2
Test conditions of semi-plant scale test apparatus.

3. Results and discussions

The long-term operation in the semi-plant scale test facility
continued for up to fifteen months under the simulated NPP
operating conditions such as 25 °C of temperature, 50% of relative
humidity and 0.2 m/s of linear velocity corresponding to 0.5s of
residence time through the 10 mm TEDA-AC bed of the Type III
adsorber. Fig. 4 shows the inlet thermal-hydraulic conditions dur-
ing the long-term operation, indicating that the temperature,
relative humidity and linear velocity were steady and maintained at
25 +1°C, 50+ 5% and 0.2 + 0.018 m/s, respectively during the long
term operation up to fifteen months.

The TEDA-AC samples contained in the canister periodically
taken from the Type IIl adsorber according to the sampling period
described in Section 2.3. The samples were analyzed by using the
BET specific surface area, TEDA content and methyl iodide pene-
tration test, which have been conducted from the authorized
analysis organization in terms of reliability. The surface area of a
TEDA-AC can be analyzed by the BET method [7,10]. An adsorption
data for nitrogen at the liquid nitrogen temperature, 77K, are
usually used in this method. The surface area is taken as the area for
monolayer coverage based on the nitrogen molecular area. In the
BET method, each site can accommodate O to 1 adsorbate mole-
cules, which are not mobile on the surface. On the first layer, the
rate of condensation on the bare sites is equal to the rate of evap-
oration from the sites. Likewise, the equilibrium is established for
all layers. Eq. (2) is used to estimate the adsorbed amounts from the
BET method as

Test apparatus Temperature [°C] Relative humidity [%] Linear velocity [m/s] Residence time [sec] Poisoning gas

Supplied poisoning gas concentration [ppb]

1 25 50 0.2 0.5
2 25 50 0.2 0.5
3 25 50 0.2 0.5

No supply No supply
Formaldehyde Toluene  29.28
Acetaldehyde m,p- 25.40
Xylene 10.95
Ethyl-benzene 22.81
11.15
Formaldehyde 29.28
Toluene 25.40
Acetaldehyde m,p- 10.95
Xylene 22.81
Ethyl-benzene 11.15
SO, 10.63

NO, 16.56
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Table 3
Canister Identifications (IDs) and corresponding TEDA-AC sampling period.
Canister IDs. (Replaced Canister 1 2 3 4 5 6 7 8 9 10 11 12
Ds.) (13) (14) (15) (16) 17) (18) (19) (20) (21) (22) (23) —
Sampling Period, month 1st 1 1 1.5 4 4 7 7 15 15 19 19 24
2nd (20) 17) (22) (10) (10) (14) (15) 3) (5) - - —
3rd — — — (6) 9) - — — — — — —
Front Rear
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S |
19 22 (10)
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‘ Y

o
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(

Fig. 3. Canister IDs of TEDA-AC Samples installed in type IIl adsorber.

K = Avogadro's number

\% cP
Vo= (Eq. 2) o = Cross-section area (16.2 AZ for nitrogen)

M (Pg—1) {1 +(c— 1)[,—’1] The micro-pore volume distribution is analyzed with the Hor-
vath and Kawazoe (HK) method [8]. The HK method is based on slit-
shaped pore and basically this method is considered as the molar

Where, : ; .
. . integral change of the Gibbs free energy. Eq. (4) shows the direct
V = Total adsorption capacity > . . . .
relationship between relative pressure (P/Po) and pore size, which
Vim = Adsorbed amounts . . . j
is restricted to micro-pore region.
P = Pressure
Py = Saturation pressure
¢ = BET parameter
4 10 4 10
RTIn (pﬂ) :KN”;“U* I\Z‘)AA | L u-—T1 -7 +9(g/2)9 (Eq. 4)
0 _
d d d
3(1-9) o(1-1) (Y
In order to calculate the surface area, The BET parameter (c) is Where,

obtained by the fitting of nitrogen isotherm. The surface area was
estimated by Eq. (3) as

Sger=Vm xK x 0 (Eq 3)

Where,
Sger = BET surface area

N4 = number of atoms per unit area of adsorbate

Ny = number of atoms per unit area of surface

Aq,As = constant in Lennard-Jones potential

1 = distance between the nuclei of the two layers

o = distance between a gas atom and the surface at zero inter-
action energy
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Fig. 4. Inlet thermal-hydraulic conditions during long-term operation of semi-plant
test facility.

The Barrett-Joyer-Halenda (BJH) method [9] is used to analyze
the meso-pore volume distribution of TEDA-AC. This method is deal
with relatively coarse porous adsorbents exhibiting a wide range of
pore sizes. The BJH method also uses the adsorption isotherm to
analyze the pore size distribution by assuming physical adsorption

and capillary condensation at the pore wall. For this reason, the BJH
theory can explain the hysteresis phenomenon in meso-pores of
adsorbents.

J’ (r— t)2L(r)dr

rPn

Vs—V=m (Eq. 5)

Vs = volume of gas adsorbed at saturation pressure

V = volume of gas adsorbed at pressure, p

L(r)dr = total length of pores whose radii fall between r and
r+dr

Ip, = critical radius.

The specific surface area, micro-pore volume and meso-pore
volume of the TEDA-AC samples are shown in Fig. 5.

An activated carbon generally has a wide range of pore size
distribution containing both micro pore and meso pore. The micro-
pore was formed in the internal region and the meso-pore was
relatively developed near the surface region of the TEDA-AC [10].
The specific surface area of the activated carbon was reduced by
impregnating the TEDA on the surface. Since the micro-pore vol-
ume was relatively larger than the meso-pore volume, the micro-
pore contributed more to form the specific surface area than the
meso-pore. The moisture may adhere to and affect the meso-pore
located on the surface of the TEDA-AC during the long term oper-
ation. Park et al. investigated the effect of the humidity on the
activated carbon that the surface diffusion coefficients are
decreased remarkably with the increase of the relative humidity
[11].

As shown in Fig. 5, the specific surface area of new TEDA-AC is
861 m?/g and those of TEDA-AC samples fluctuate in the vicinity of
the specific surface area of new TEDA-AC between 808 m?/g and
940 m?/g. Since the specific surface area is closely related to the
micro-pore volume, the similar behavior with time is observed in
these two parameters. Since the thermal-hydraulic conditions such
as the temperature, relative humidity and linear velocity are same
for three semi-plant scale test apparatuses, the humidity effect on
the TEDA-AC expects to be same for three test apparatuses. The
differences of specific surface area and meso-pore volume among
three test apparatuses may be caused by the difference of poisoning
gas conditions. Even though the concentration of poisoning gases is
relatively very low, as shown in Table 2, these poisoning gases can
be adsorbed physically on the surface of TEDA-AC as well as
chemically reacted with TEDA. If some of poisoning gases are
physically adsorbed on the surface of TEDA-AC, the surface area
would be reduced. It is seen in Fig. 5 (a) that the surface area of test
apparatus 1 without poisoning gases is generally larger than that of
test apparatus 2 and 3 with an addition of the poisoning gases.
Similar behavior is shown in the meso-pore volume in Fig. 5 (c). The
meso-pore volumes for the samples taken from the test apparatus 1
were relatively larger than that from the test apparatuses 2 and 3.
However, no significant difference on the specific surface areas of
TEDA-ACs sampled from the test apparatuses 1, 2 and 3 was
observed.

The impregnated activated carbon is used to remove the
gaseous iodine, especially organic iodide in relatively high relative
humidity conditions. Although the elemental iodine (I;) can be
captured on the typical activated carbon, the organic iodide is
adsorbed on it under the low relative humidity conditions below
30% [12,13]. The impregnation of TEDA is to adsorb the organic
iodide efficiently for the high relative humidity conditions. The
TEDA reacts with the methyl iodide and then the quaternary
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Fig. 5. (a)BET specific surface area, (b)micro-pore volume and (c)meso-pore volume of
TEDA-AC samples during long term operation.

ammonium salt which is chemically stable is formed [14]. Thus, the
TEDA content in the TEDA-AC is closely related to the iodine
adsorption performance of the TEDA-AC. Fig. 6 shows the TEDA
content analysis for the TEDA-AC samples during the long term
operation. The initial TEDA content in new TEDA-AC used for the
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Fig. 6. TEDA content of TEDA-AC samples during long term operation.

NPP is typically about 5 wt% [12].

Itis seen in Fig. 6 that the TEDA content in new TEDA-AC is about
5 wt% and those in the TEDA-AC samples with time fluctuate in the
vicinity of new TEDA-AC between 4.44 wt% and 6.78 wt%. The TEDA
contents in TEDA-AC samples after one month and one and half
months are slightly reduced from that of TEDA. The TEDA contents
in other TEDA-AC samples show the values near or above 5 wt¥%.
Even though the TEDA-AC samples taken from the test apparatus 2
and 3 in the presence of the poisoning gases have relatively higher
TEDA content than that taken from the test apparatus 1. The TEDA
contents of TEDA-ACs samples did not show the decreasing
behavior from the initial TEDA contents during the long term
operation for up to fifteen months. Since the TEDA was impreg-
nated on the carbon in bulk during the manufacturing, once may
postulate that the initial TEDA content in new TEDA-AC may not be
uniformly impregnated on the surface of the activated carbon.

The main role of the TEDA-AC used in the ACU is to adsorb the
gaseous iodine. Thus, the performance of TEDA-AC can be deter-
mined by the methyl iodide removal capability. The methyl iodide
removal performance of the TEDA-AC was analyzed by the methyl
iodide penetration test specified in the ASTM D 3803 [5]. The test
conditions for the methyl iodide penetration test are shown in
Table 4 where the radioactive methyl iodide (CH}*'I) concentration
is 1.75 mg/m° in the flows which corresponds to 0.2 m/s of linear
velocity under 30 °C of challenge temperature and 95% of relative
humidity for 1 h. The test was conducted at authorized test agency
for the TEDA-AC samples periodically taken from the semi-plant
scale test facility shown in Table 3 and Fig. 3. Fig. 7 shows the
methyl iodide removal efficiency for the TEDA-AC samples during
the long term operation, indicating the more than 99% removal
efficiency. As shown in Fig. 7, the methyl iodide removal efficiencies
of TEDA-AC samples taken from the test apparatuses 1, 2 and 3 after
one month operation are slightly decreased from that of new TEDA-
AC, however all are over 99% and recovered for the subsequent
TEDA-AC samples. These slight decreases of methyl iodide removal
efficiency of TEDA-AC samples after one month may be caused by
the slight decrease of the TEDA contents shown in Fig. 6.

The methyl iodide removal efficiencies for the TEDA-AC samples
taken from the test apparatuses 1, 2 and 3 were steady and main-
tained at above 99.5% for up to fifteen months operation. Even
though the poisoning gases were supplied in the test apparatuses 2
and 3, the methyl iodide removal efficiencies were not much
different from that of TEDA-AC sample taken from the test
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Table 4
Test conditions for methyl iodide penetration test.

Test Parameter Nominal Condition

Pre-equilibration time (h) 16
Equilibration time (min) 120
Challenge time (min) 60
Elution time (min) 60
CH}3'I concentration (mg/m?) 1.75
Test bed depth (mm) 101.6 (4inch)
Test bed diameter (mm) 50
Pre-equilibration temperature ('C) 30
Equilibration temperature ('C) 30
Challenge temperature ('C) 30
Elution temperature ("C) 30
Linear velocity after equilibration (m/s) 0.2
Relative humidity after equilibration (%) 95
Pressure after equilibration (kPa) 101.3
101.0
100.5
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Fig. 7. Methyl iodide removal efficiency of TEDA-AC samples during long term
operation.

apparatus 1. The low concentrations of poisoning gas concentra-
tions (at ppb levels) supplied in the test apparatus 2 and 3 may not
play a significant role and thus more tests at a higher addition of
poisoning gases may be needed. On the other hand, the effects of
the thermal-hydraulic conditions such as the temperature, relative
humidity and linear velocity on the TEDA-AC samples would be also
insignificant based on the behavior of the methyl iodide removal
efficiencies shown in Fig. 7. It is thought that the performance of
TEDA-AC can be maintained during the long term operation up to
fifteen months under 25 °C of temperature, 50% of relative hu-
midity and 0.2 m/s of linear velocity which are the same conditions
as those in the ACU at NPPs.

4. Conclusion

The performance of TEDA-AC was investigated with the semi-
plant scale test facility under the simulated NPP conditions such
as at 25 °C, 50% relative humidity, and the linear velocity of 0.2 m/s
corresponding to the residence time of 0.5s, with and without an
addition of poisoning gases for up to fifteen months. The TEDA-AC
used in this test is the same lot of nuclear grade TEDA-AC manu-
factured for NPPs. The semi-plant scale test facility was developed
to simulate the ACU of NPPs. Three test apparatuses installed in the
semi-plant scale test facility was designed to have the Type III
adsorber with twelve canisters for the TEDA-AC samples. The same
thermal-hydraulic conditions, such as the temperature (25 °C),

relative humidity (50%) and linear velocity (0.2 m/s) were used for
all three test apparatuses. No poisoning gases were supplied to the
test apparatus 1. The poisoning gases such as formaldehyde,
toluene, acetaldehyde, m-Xylene, p-Xylene and ethyl-benzene
were supplied to the test apparatus 2. On the other hand, the
same poisoning gases supplied in the test apparatus 2 as well as SO,
and NO, were applied to the test apparatus 3. During the long term
operation for up to fifteen months, the canister installed in the Type
Il adsorber, which contains the TEDA-ACs were periodically taken
for analysis. The TEDA-ACs were independently analyzed by the
BET specific surface area with micro and meso-pore volume, TEDA
content and methyl iodide penetration test. The following conclu-
sions can be drawn from the test results.

The fluctuation of BET specific surface area and TEDA content for
the TEDA-AC samples from new TEDA-AC for up to fifteen months
between 808 m?/g and 940 m?/g and 4.44 wt% to 6.78 wt%,
respectively, was observed and the methyl iodide removal effi-
ciencies of the TEDA-AC samples were maintained more than 99%
during the long-term operation up to fifteen months. This means
that the effectiveness of TEDA-AC could be confirmed to be used in
the ACU in NPPs for the long-term up to fifteen months without the
consideration of performance degradation by the ppb level of
organic and oxide form of poisoning gases. However, the methyl
iodide removal performance during the long-term operation up to
fifteen months in this study could be confirmed under the oper-
ating NPP conditions, e.g., temperature (25 °C), relative humidity
(50%), linear velocity (0.2 m/s) corresponding to 0.5 s of residence
time and ppb level of poisoning gases including organic and oxide
forms.

Even though there were slight decrease of methyl iodide
removal efficiency in TEDA-AC samples from that of new TEDA-AC
after one month or one and half months operation, the recovery of
the methyl iodide removal efficiencies to the level of new TEDA-AC
were observed in the subsequent TEDA-AC samples for up to fifteen
months. Thus, one can postulate that the performance degradation
of TEDA-AC may not be determined with the analysis of TEDA-AC
sample under the relatively short operation time.

The test plans to continue further for twenty four months to
examine the performance of TEDA-AC.
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