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The absorption efficiency of iodine vapor in the dynamic mode for number carbon adsorbents from different manu-

facturers was studied. In the experiments we have used a stand which was created in NSC simulating the adsorber of

NPP ventilation system. The amount of adsorbed iodine was determined by X-ray radiometric and nuclear physics
(ANPC ”SOKOL”) methods. The offered technique will be used for the optimal choice of new adsorbents for carbon

filters of NPP ventilation systems.
PACS: 82.75.Qt

1. INTRODUCTION

At operation of nuclear power plant (NPP) there is
nuclear release from fuel elements into the first re-
actor contour and then into the working area. Main
gas radioactive components in the ventilated air are
xenon, krypton, iodine and its compound vapor. The
isotope J'3! and methyl iodide — the compound based
on it — are particular dangerous because of the ability
to accumulate in the human body. At present car-
bon absorbers type of AU — 1500 are used on NPP
of Ukraine for filtration of the ventilated air. Relia-
bility of absorbers work ensures radiation safety on
NPP and environmental protection. Many adsorptive
filters on NPP exhausted their resource because of a
long operation time. Renewal of AU —1500 adsorbers
requires either the regeneration of applied presently
in iodine filters active carbon SKT-3 or its replace-
ment. Restoring adsorbers AU — 1500 requires either
regeneration of activated carbon SKT-3, currently
applied in iodine filter, or replace it. As a produc-
tion of SKT-3 coal was halted, there is a necessity
of its replacement other adsorbent not worse than
SKT-3 on working characteristics. At present on the
market there are the active carbons of different manu-
facturers, which can be used for filling the adsorption
filter. For the choice of active coals it is necessary to
carry out the comparative analysis of their properties.
In NSC KIPT a laboratory complex for determina-
tion of a number of carbon adsorbents technological
characteristics: mechanical strength properties while
abrasion, aerodynamic resistance of adsorbent layer
in conditions of replicating adsorbers AU — 1500 op-
erations, iodine and iodine methyl adoption capacity

at room temperature in static mode was created [1].
Active coals important characteristic is a degree of io-
dine and his connections absorption in the dynamic
mode. In this connection research of iodine absorp-
tion from the ventilated air stream in conditions of
replicating adsorbers AU — 1500 operations is rea-
sonable. This will make it possible to estimate ad-
sorptive ability of adsorbents and to carry out prox-
imate comparative analysis their iodine absorption
effectiveness.

2. MATERIALS AND METHODS

Study of iodine admixture absorption from the ven-
tilated air stream in conditions of replicating ad-
sorbers AU — 1500 operations was carried out on
the special stand, including the layout of adsorber
[2]. To obtain information on the dynamics of io-
dine adsorption along the height of adsorbent layer
in adsorber we used layout, consisting of 6 tight
connecting sections 48 mm in diameter and 50 mm
long, filled with activated coal. The total adsor-
bent layer height and air flow intensity through the
adsorber layout were 300mm and 0.48 m3/sAm?
that correspond to the real layer height and to the
mode of AU — 1500 adsorber operations. Detec-
tion of iodine content in coal adsorbent test spec-
imens after blowing through them air with iodine
vapor was carried out by X-ray radiometric and nu-
clear physics methods on the basis of analytical nu-
clear physical complex "SOKOL” developed in NSC
KIPT [3]. The coal adsorbents of different man-
ufacturers were studied: DGF2 (Germany), Norit
RKJ (Belgium), Electrod-D (Ukraine) and SKT-3I
(Russia) in-use presently in adsorbers AU — 15001.
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Table 1. Values of adsorbed iodine mass per
adsorbent gram Amj/mg for different active coals
at static adsorption

Type of Amy/mg
adsorbent

DGF2 63.2-1073
Norit RKJ 50-1073
SKT-3 56.4-1073
SKT-3I 67.3-1073
Electrod-D 84.6-1073

These adsorbents were chosen because they have the
complex of necessary technological characteristics.
Static iodine adsorption during 75h at the temper-
ature of 20°C, atmospheric pressure and iodine va-
por partial pressure 0.17 Torr are given in Table 1.
Evidently, coals of DGF2, Electrod-D and SKT-3I
have higher adsorption capacity, than coal of SKT-3.
Determination of iodine absorption in the dynamic
mode was carried out at iodine vapor density in an
air stream 0.077 g/m3. Todine vapor density was set
by an air stream through the iodine vapor generator
and temperature of water in the generator [4]. Iodine
absorption in the first and second sections of model
at duration of air stream blowing 7 = 2,4 and 6h
was studied. Measurements of Am were carried out
on three samples mass of ~ 3 g, chosen from different
areas of the test sections of adsorber layout.

3. RESULTS OF AN INVESTIGATION

Table 2 represents iodine absorption coals of DGF2
in the first section of adsorber layout. Resulted val-
ues are given with relative accuracy ~ 10%. Varia-
tion Am /myg for different specimen tests at the fixed
experiment duration is connected with an allocation
nonuniformity of the adsorbed iodine in an adsorbent
volume in a section. Importantly, the presence of io-
dine in the second section was below than limit of the
in-use method detection (~ 0.0017 mass%).

The values of iodine absorption of Electrod-D in
the first and second sections of layout are presented
in Table 3. Relative accuracy of Am;/mg determi-
nation for the first section was ~ 8%, for the second
~ 15%, that is related to substantially lower iodine
concentration in the second section. Table 3 shows
that ”breakthrough” of iodine molecules into the sec-
ond section was observed for 7 = 4h and 6h. The
considerable difference of Amj/mg values for two
specimen tests at 7 = 6h related to that the sec-
ond section only began to fill up and filling character
was nonuniform.
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Table 2. Values of adsorbed iodine mass per gram

Amy/mg for adsorbent DGF2 and averaged values

(Amy/mg)av for different time T of air stream
blowing through the adsorber layout

7, h | Amy/mg, wt.% | (Amy/mo)aw, wt.%

0.0098
2 0.0061
0.0090

0.0083

0.0145
4 0.0162
0.0095

0.0134

0.0239
6 0.0271
0.0288

0.0266

Considering present dynamic adsorption data, it
is necessary to take into account difference of inves-
tigational coals granules configuration which deter-
mines adsorber aerodynamics. Granules of DGF2
coal characterised of diameter 2mm and long ~
5mm. Its packed density is higher unlike coal of
Electrod-D with granules diameter 3mm and long
to 20mm. The consequence of this is the ”break-
through” molecular iodine into the second section for
coal ”Electrode D” and eventually in the subsequent
sections, in spite of its high adsorption capacity.

Norit RKJ and SKT-3I are potassium iodide
K J'27 impregnated coals. There is an isotopic ex-
change of J'3! on J'27 in the molecule of CH3J in
the process of absorption of radioactive methyl io-
dide vapor that considerably raises the cleaning effi-
ciency of ventilation air from .J'3! when using these
coals. At determination of absorption iodine amount
by used in the present work method, it is necessary to
take into account the presence of iodine in an initial
matrix. Iodine content in an initial matrix for Norit
RKJ was estimated as 1.4702 + 0.0882 wt.%. That
corresponds to certificate data of the coal. For coal
SKT-3I this value was estimated as 1.27 4 0.08 wt.%,
that also corresponds to certificate data. As an ac-
curacy of determining the adsorbed iodine amount
at presence of iodine in an initial matrix goes down
substantially, then more long duration of air stream
blowing and higher iodine concentration in ventilated
air are required for a reliable data obtainment.

Thus, the method used in the present work
can be applied for the express analysis of ad-
sorptive capacity of adsorbents in the dynamic
mode. However additional experiments are neces-
sary for determination of the optimal regimes of ven-
tilated air blowing and iodine density in a stream.



Table 3. Values of adsorbed iodine mass per
adsorbent gram Amj/mg and averaged values
(Amy/mg)aw for different time T of air stream

blowing through the absorber model filled of
Electrod-D coal

1-th 2-th
section, section,
T, h ATnJ/WLOa (AmJ/mO)ava (AmJ/mO)ava
wt. % wt. % wt.%
0.0240 not
2 0.0220 0.0230 revealed
0.0240
0.0546
4 0.0549 0.0581 0.00240
0.0648
0.1362 0.00445
6 0.1457 0.1400 0.00187
0.1382 0.00187

4. CONCLUSIONS

Absorption efficiency of iodine vapor in the dynamic
mode for a number of different manufacturers of car-
bon adsorbents (DGF2 - Germany, Norit RKJ — Bel-
gium, Electrode-D - Ukraine and SKT-3I - Russia)
was studied. Developed and created in NSC KIPT
special stand simulating an operation of ventilation
systems of NNP AU — 1500 and X-ray radiomet-
ric method for determination of the adsorbed iodine
amount were used. It is shown that an efficiency
of iodine vapor absorption from the ventilated air
by Electrod-D coal is higher than by coal of DGF2.
”Breakthrough” of iodine molecules in adsorber lay-
out was found for Electrod-D coal. It is conditioned
Elektrod D has got lower packed density than DGF2,
what is connected with granule configuration.
Achievement of necessary accuracy of determina-
tion of adsorbed iodine amount for impregnated ad-
sorbents of Norit RKJ and SKT-3I, having in the
initial matrix ~ (1.3...1.5) wt.% ”technological” io-
dine, requires the increase of duration of air blowing.

The offered methodology can be used for determina-
tion of the efficiency of iodine vapor absorption from
the ventilated air stream in conditions of replicating
operations of adsorbers at NPP ventilation system.
This will make it possible to decide the problem of
new adsorbent choice for the use at NPP ventilation
systems in Ukraine.

Work carried out within the framework of Project
P4.5 of a goal-oriented complex program of NAS of
Ukraine ”Problem of resource and safety of exploita-
tion of constructions, building and machines” (”Re-
source”).
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NCCJIEJOBAHUE IIPOIIECCA IIOTJIOIIEHNS MOJA B IMHAMUYECKOM
PEZKNUME PA3JINYHBIMUA YIVIEPOOJHBIMUU AJTICOPBEHTAMMUA

B. . Coxonenxo, B. B. Jlegeneu, 3. H. Bunoxypos, T. K. I'puzoposa,
A. IO. JTonun, A.II. Omeavrur, P. M. Cubuaesa, A. A. Ilyp

IMposemeno uccmemopanne 3 HEKTUBHOCTH MOTJIOIIEHUST TAPOB H07a B IUHAMUYIECKOM PEXKUME JJIs PsIIa, yT-
JIEPOIHBIX aACOPOEHTOB PA3INIHBIX TPOU3BOANTENeH. B 9KCIepuMenTax MCIONb30BaCsa co3nannbii B HHIT
XDOTU crenn, momenupyiomuit pabory agcopbepa AY-1500 cucrembr Beatunsiyun ADC. Komngecrso amcop-
OGUPOBAHHOIO HO/1a OIIPENEIISIIOCh PEHTTeHOpaauoMeTprdeckuM u saepro-busndeckum (ALDOK "COKOJI")
Meromamu. IIpeamoxkenHas MeTOANKA OyIeT HCIOJIb30BAHA IJI ONTHUMAJIBHOTO BHIOOPA HOBBIX aACOPOEHTOB
JUTsl yroJibHBIX GuiibTpoB cucreM BenTuiisimun ADC.

JOCJILIXKEHHSI IIPOIIECY IIOTJIMHAHHS M1O01Y B JUHAMIYHOMY PEXKIMI
AEAKUMMNM BYTIJIEHITEBUMUW AJJCOPBEHTAMMUM

B. I. Coxonenxo, B. B. JIegeneuw, E. I. Bunoxypos, T. K. I'puzoposa,
0. 0. JIonin, O.II. Omeavrnux, P. M. Cibiavosa, A. O. Illyp

IIpoBeneHo mocimKenHs ePEKTHBHOCTI MOMJIMHAHHS Mapyu HOAY B NUHAMIYHOMY DEKUMI JJis JTeSIKUX BYT-
JIEIEBUX aJCOPOEHTIB pi3HUX BUPOOHWKIB. ¥ eKCIepuMeHTax BUKOpuUCTOBYyBaBcs crBopenuit 8 HHIL X®TI
CTEeHI, 0 Mofeioe pobory afcopbepa AY-1500 cucremu sertuanii AEC. Kinbkicrs agcopboBaHoro iomy
BU3HAYAJIACA peHTreHopatiomerpudnuM i snepuo-diznunum (AADK "COKINI") meromamu. 3anpononoBana
METO/IUKA, Oy/le BUKOPUCTAHA IJIs ONTUMAJIBHOTO BUOOPY HOBUX aJiCOPOEHTIB jijisi ByriibHUX (BiabTpiB cucrem
penTusil AEC.
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