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THE EFFECT OF TEMPERATURE ON RADIOLYSIS OF
IODIDE ION DILUTED AQUEOUS SOLUTIONS

T. Gorbovitskaya1, J.Tiliks1

Abstract

In order to investigate the radiolysis of iodine containing aqueous solutions a flow type
facility - Iodine Thermoradiation Facility (IFF) has been designed. It has a possibility to
irradiate aqueous solutions in the steel vessel (V=2 dm3) with ^Co y-rays and continuously (on
line) to analyze the products of radiorysis both in liquid and in gaseous phases. By means of
ITF the formation of 1^ (I2+I3+HOI), IO3", H2O2 was studied in 10'5-10"3 mol/dm3 Csl
aqueous solutions by their radiolysis at dose rate 4,5 kGy/h for six hours in region of
temperatures from 313 to 404 K. Under similar conditions, some experiments in glass
ampoules were also performed. The steady-state concentrations of Iox and IO3" decreased with
increasmg temperature as linear function of inverted temperature. The effect decreased with
decreasing concentration of iodide ion. As the result, at high temperatures (T > 380K) the
steady-state concentration of IoX does not depend essentially on the iodide ion initial
concentration. Molecular iodine (I2) released from the solution was the main radiolysis
product in gaseous phase. Its steady-state concentration increased with increasing temperature
because of decrease of iodine solubility in the water and decreased at the same time because
the radiorytic iodine concentrations decreased. Therefore the most volatility of irradiated 10 "3

and 10"*M Csl solutions was observed at the temperature about 350 K The volatility of
10'5 M solutions gradually decreased with increasing temperature.The experimental data were
explained on the base of the hypothesis that the reaction between I2 and radiorytic H2O2 was
the limiting one determining the temperature dependence of Iox and IO3" steady-state
concentrations. Its activation energy was estimated to be 27,5 kcalmol'1. The temperature
dependence for reaction (10' + H2O2) was also estimated.

1) University of Latvia, Laboratory of Radiation Chemistry, 19 Raina Blvd., Riga, Latvia LV-1586
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1. INTRODUCTION

The radiation induced processes in the iodide ion aqueous solutions has been studied more or
less intensively during all the existence of radiation chemistry. At present the interest of
researches on these systems is closely connected with the problems of nuclear energetic safety.
It is recognized that caesium iodide is a probable chemical form of radioiodme released from
the fuel into reactor containment in the case of nuclear power station accident [1]. In the water
cooling reactor cesium iodide is expected to reside in the waterpool to form nonvolatile iodide
ion aqueous solutions. But under the action of several factors such as presence of radiation and
thermal fields, organic and inorganic impurities, iodide ion can transform into volatile chemical
species of iodine, I2 and HOI, which can diffuse into gaseous phase. The potential possibility
for these volatile iodine compounds to release into environment is the most dangerous
consequence of possible nuclear power station accident. The significant efforts were
developed to elucidate the role of different factors in the iodine revolatilization process under
accident conditions as well as to estimate the chemical forms, concentrations and phase
distribution of volatile iodine species in containment. Therefore, the considerable amount of
works on radiorysis of iodide ione aqueous solutions under conditions, corresponding to those,
expected in the accident were published during the last IS years [1-5]. They showed that the
radiorytic factor is the most important one in the process of iodide ione oxidation in
containment. According to obtained data, the behaviour of iodine under irradiation is a very
complicated process. Besides a large number of radiation reactions, complicated thermal
reactions of iodine take place both during the radiorysis and after it. m these reactions the
iodine oxidation states may interconvert between -1 (I") and +7 (I0'4). In addition, different
factors such as presence of organic and inorganic impurities, temperature, pH and red-ox
potential of the system, may influence these reactions. Hence, though significant amount of
works has been performed, many uncertainties still remain for this problem and further
experimental studies on the effect of different factors on the radiorysis are necessary for their
ehicidation. Carrying out the new experiments it is very important to perform them in a wide
range of parameters covering those expected in containment during an accident. Unfortunately,
in present available data do not correspond to this requirement. So, to verify mechanistic
models of iodine behaviour in the needed wide region of parameters it is often necessary to
combine the results of different authors. But, as a rule, it is almost impossible to find the
sufficient amount of such data, covering a wide range of parameters and, at the same time,
obtained under the similar conditions.

Present paper describes the results of experiments on radioh/sis of caesium iodide aqueous
solutions of different concentrations and by different temperatures in the range , expected in
the accident. Although a few data on the temperature dependence of iodide aqueous solutions
radiolysis were published [2-5] this problem has not been systematically investigated yet.The
main purpose of the study was to examine the effect of temperature on the radiation induced
oxidation of iodide ion and to estimate the variation of volatility of iodine in these systems
when the temperature increases. In order to obtain more definite information about the
mechanism of temperature effect, the concentrations of H2O2 and IO3 were measured besides
those of the sum (I2+r3+HOI).
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2. EXPERIMENTAL

2.1 Solution preparation and chemicals

Aqueous I" solutions were prepared by using double-distilled water, Csl and H3BO3 of G.R.
grade. HC1O4 and IiOH of G.R. grade were used to control the pH.. The initial concentration
of F was controlled spectrophotometrically at 226 nm. KI, NaOH, H2SO4 and other reagents
needed for analysis of iodine species in irradiated solutions were also of G.K grade or better.

2.2 Temperature Experiments on Iodine Thermoradiation Facility

In order to study the behaviour of iodine under simulated accident conditions, the flow type
facility (IFF) has been constructed.The scheme of ITF is shown in fig. 1. By means of ITF it
was possible to irradiate with ^Co gamma-rays the iodine containing aqueous compositions
and continuously to analyze the products of radiorysis both in liquid and in gaseous phases.
The ITF consists of a thermostated stainless steel vessel (V=2 dm 3 ), modelling the
containment, and two analytical recirculating loops for analysis of liquid and vapor phases
respectively. There was also a possibility to place coupons of different materials into the
gaseous and liquid phases of the vessel to study iodine species sorption on these materials.

The recirculating loops for liquid and vapor phases analysis consist of the analytical cells and
apparatus finked with teflon tubes (D=3 mm). In every loop the circulation is provided by
centrifugal pump made of stainless steeL During the radiorysis the liquid and gaseous phases
continuously recirculate in their loops through the analytical cells where the automated
analysis of iodine species is performed. There is also a possibility in ITF for discreet sampling
of the solution during irradiation.

In present work the analysis of liquid phase included the automated continuous measurements
of I , I~3, the sum of I2,13' and HOI, so-called oxidized iodine (IoX), IO3 and pH. The analysis
of H2O2 was performed using discreet sampling method. Only the concentration of gaseous I2
was measured in gaseous phase by means of semiconductor iodine selective sensor inserted
directly into the vessel. So, in present work gaseous phase did not circulate.

The analytical procedure was the following. The irradiated solution was cooled till the room
temperature by means of heat exchanger inserted immediately downstream to the irradiation
vessel. The liquid phase analytical system consisted of the main recirculating fine and the side
analytical loops. The solution after cooling flowed into the spectrophotometer, located in one
of the side analytical loops, where T$ concentration was monitored at 287 nm. To measure pH
and r concentration the solution was introduced into the electrochemical cell where F and pH
were monitored, using iodide selective sensor and glass electrode respectively. After that, the
solution returned back to the vessel. In one of the side loops, the analyses, requiring
introduction of reagents, were carried out. It was provided by UV detector set by 287 nm for
Iox concentration monitoring and spectrophotometer for measuring of IO3 concentration.
Before the Io* concentration was measured, the solution was mixed with concentrated KI
solution for I2 and HOI conversion into strongly absorbed f3. To determine IO3 concentration,
the solution after UV detector was mixed with 0.2 N solution of H2SO4 and I~3 formed was
measured in spectrophotometer also by 287 nm. The solution from this side loop was
discarded after analysis. Therefore, both the volume and the flow rate of solution in this loop
was very small compared to those for the other loops. The loss of solution in these
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measurements did not exceed 100 ml (that is 10% from total solution volume) during one
experiment run.In order to determine H2O2 concentration 2 dm3 of the solution was sampled
during the irradiation directly from the vessel and H2O2 was measured using the method based
on iodide catalytic oxidation by H2O2.

The conditions of this series of experiments are summed up as follows:
1. Iodide concentration: 10'5,10"*, 10"7 mol dm'3.
2. Initial solution pH: 5 ± 0.0S.
3. Volume of irradiated solution : 1 dm3; Volume of gaseous phase above the solution: 1 dm3.
4. Range of temperatures: 316 - 404 K.
5. The absorbed dose rate : 4.5 kGy hr"1, total absorbed dose : 27 kGy.
6. Additives: H3BO3. : 2.1 g dm"3; HC1O4 and IiOH for pH control.

2.3 Experiments in glass ampoules

18 dm of aqueous T solution was filled into Pyrex-glass ampoules (V= 20 dm ). The
ampoules were sealed with gas-burner flame without deaeration. To be irradiated, the
ampoules were inserted into the steel vessel of ITF filled with water and thermostated at
needed temperature. The vessel with ampoules was placed into y -irradiation source and
irradiated for two hours. For this time the steady-state concentration of IoX , IO~3 and H2O2

were achieved in sohitions. After irradiation ampoules were cooled fast to the room
temperature and then analyzed spectrophotometricany for I"3, the sum ( I2 + I~3 + HOI), IO 3
and H2O2 (see 2.3). Before the analysis the final pH of solution was also measured.

The experimental conditions of this series of experiments are summed up as follows:
1. Iodide concentrations: 7.810"4; 3.MO"4; 5.8510"5 moldm"3.
2. Initial solution pH: 5 ± 0.05.
3. Volume of irradiated solution: 18 dm3 , volume of gaseous phase: about 2 dm 3 .
4. Range of temperatures: 323 - 373 K.
5. The absorbed dose rate: 4.5 kGy/h.
6. Duration of irradiation: 2 h , total dose: 9 kGy.
7. Additives: HC1O4 and IiOH for pH control.
8. Time after irradiation till analysis: 0.5 h.

3. RESULTS

As it was described above (sec.2) two sets of radiation experiments on iodide ione aqueous
sohitions were performed in the present work: the experiments in flow faculty with continuous
analysis of radiorysis products, and experiments on two hours irradiation in glass ampoules.

Time dependencies of IoX, IO 3 and H2O2 concentrations by different temperatures were
obtained as a result of flow type experiments. The character of these dependencies was typical:
after starting irradiation the concentrations rather rapidly reached their steady-state values,
although the time needed for it depended on temperature and initial iodide concentration. It
shortened with decreasing iodide concentration and increasing temperature. At high
temperatures and iodide concentrations of about 10"s M a maximum was observed on the dose
curves at the early stage of irradiation (5-7 min after beginning of the experiment), after which
the concentration decreased rather rapidly for a short time and then remained almost constant.



135

Summarizing the analysis of dose dependencies one can conclude that in all investigated
solutions the steady-state concentrations of I<,x and 10 3 were reached during two or less hours
( dose of <9 kGy), that is also in agreement with the data of other authors [6,7]. It is to be
noted, that in flow type experiments there was an essential volume of vapour phase above the
solution (the ratio of phase volumes was 1) and the concentration of gaseous iodine (I2) was
measured in these experiments. The results of measurements showed that the equilibrium of I2

concentration between liquid and gaseous phases took place in all experiments.

To elucidate the influence of temperature on radiolysis of iodide ion aqueous solutions, the
steady-state concentrations of Iox, 10 3 and H2O2 ( Pox]*, [10*3]* and [H2O2]st ) were studied as
functions of temperature. In fig. 2 the steady-state concentration of Iox is shown as a function of
inverted temperature, with initial Csl and H3BO3 concentration as parameters. At fixed
temperature [Ioxjst decreases with decreasing T initial concentration.The temperature
dependencies are approximated by linear function of inverted temperature. Straight Hues form
two separate groups for solutions with H3BO3 and without it. The slopes of lines decrease with
decreasing Csl concentration so that hues inside of separate group cross each other and x-axis
approximately in the same point.. In the solutions containing H3BO3 the thermal stability of IoX

is higher than in those without H3BO3.

The dependencies of [IOs]* on irradiation temperature with initial I" concentration as a
parameter, are shown in fig. 3. There is a scattering in data on 10 3 concentrations in 10~3 M
iodide solution but both for this solution and for solution of other T concentrations it can be
stated that [IOs]* value decreases with increasing temperature and dependencies on inverted
temperature are linear.

Fig.4 shows steady-state concentrations of H2O2 measured in ampoules experiment, as a
function of temperature with F concentration as a parameter. The [H2O2]st slightly decreases
with increasing temperature.

On the base of the data on I2 concentrations in gaseous phase at different temperatures the
steady-state values of iodine partition coefficients (IPC) were calculated for 10"5, 10"4 , 10"3 M
irradiated solutions off . The IPC was defined as

where [I]*, and [1]^ are full iodine atom concentrations in aqueous and gaseous phases,
respectively [5, 9]. Fig.5 shows the IPC values as a function of temperature with initial iodide
ione concentration as parameters. As it can be seen, there is a tendency for IPC brightly
expressed in 10'3 M Csl solutions, to have minimal value at the temperature about 350-360 K.

4. DISCUSSION

The decrease of P**]* and \}Ch% with temperature indicates that there is at least one backward
reaction in the mechanism of radiolysis with rate coefficient essentially dependent on
temperature. The mechanism of iodine behavior under accident conditions includes thermal
reactions and a great many of radiation reactions [10-12]. Most of involved radiation reactions
are rapid radical reactions. The activation energies of these reactions are close to those of
diffusion controlled reactions, that is about 3-4 kcaLmol'1.Therefore, elevating the temperature
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from 316 to 400K their rate coefficients can not increase as much as it is necessary to explain
the observed temperature effect. Therefore, it is more probable that the reaction (or reactions)
responsible for the temperature effect is thermal reaction. One of the most important thermal
reactions of IoXis the hydrolysis of molecular iodine:

h + H2O <=>HOH + T + H* (1)

The hypoiodous acid ionizes to form hypoiodite ion:

HOI<»H f + 10 (2)

The following groups of further reactions of hypoiodus acid (or 10' ion) leading to IoX

concentration decrease are possible at pH >6:
1. Slow disproportionation reaction of HOI ( IO"), followed by rapid reaction of HIO2 (I0'2)
with HOI (10) resulting in iodate formation:

HOI + HOI <*fflO2 + H* + T (3)

HIO2 + HOI <=> HIO3 + H* + T (4)

2. The reverse reactions of HOI and IO' with radiorytical H2O2 :

IO' + H2O2 => T + 0 2 + H20 (5)

HOI + H2O2=> H*+T + O2 + H2O (6)

And in order the scheme of reactions would be more full the equilibrium between I2 and
molecular ion I3 should be written:

I2 + r <» I3' (7)

The rate constant of the forward reaction in equilibrium (3) is reported to be (50 - 120)
dm3.mol'1.s'1 [11, 12]. It may be essentially influenced by the temperature. But if the rate of
reaction (3) would determine the obtained temperature dependence of Jox formation the J03

concentration would increase with elevating temperature what is in discrepancy with
experimental data (fig. 3). The same may be noticed in regard to reactions (8) - (10) of HOI
which are discussed in literature as the steps of possible IO3 formation through IO radical.
According to [11,14,15] they may be the following:

HOI=>IO + H2O (8)

I + HOI => IO + T + H* (9)

I2 +HOI => IO + 2T + H* (10)

The pH dependence of [KV]* in fig. 6 shows that at pH*>7 IO3' steady-state concentration
decreases with pH* . The decrease of IO3" concentration with temperature and pH may be
understood if to suppose that there is a reaction (or reactions) of HOI and IO' competing
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with the processes of IO3' formation whose rate more strongly increases with temperature and
pH than that of IO3" appearance. As such competing reactions may be considered reactions (5)
and (6). Only a small part of kx transforms into IO3 by the radiolysis at the room temperature.
The calculations on the mechanistic model LIRIC [10 ] from which reactions (5) and (6) were
excluded, showed that, in these conditions, IO3 forms in very large amounts. This means that
both at the room temperature and at higher temperatures reactions (5) and (6) prevail upon
reactions (3),(4), (8) - (10) and may be supposed to be the main thermal reactions leading to
Pox] decrease during the radiolysis.
According to Iiebhafski [17] reactions (5), (6) are the base reactions of the process which is
the reduction of free iodine (I2,I3) by hydrogen peroxide.
It should be noted that mechanism this process understood sufficiently [11] and the scheme of
reactions (l)-(4)> ( 5 H 7 ) is o n e of the probable ways for its description [6,11,15]. If to assume
that equilibriums (1),(2) and (7) are instantaneous and the concentrations of H*, H2O2 and T
are approximately constant during the reaction, the kinetic of molecular iodine decay because
of reactions (5), (6) may be described by exponential function:

h([I2V[I2]) = k t (11)

where k is the decay constant of reaction ( I2 + H2O2 ) dependent on r , iTand H2O2
concentrations [6,15]:

[I"]

In (12), Ki, K2, K7 are the equilibrium constants of reactions (1), (2) and (7) respectively. The
rate coefficient of reaction (6) at 298K is reported to be 37 dmlmol'V1 [10, 12,15, 17]. The
rate constant of fast reaction (5) at the room temperature is now a subject of discussion.
According to Iiebhafski study in neutral or alkaline solutions it would be l,5xlO9 dm3.mol'1s"1

[17]. But in the work of Ishigure [6] the value l^xlO'dmS.mol^.s1 was reported. After that
another value of the same authors was reported to be 6,6xlO7 dm'.mol^s"1 [15]. The value of
Liebhafski is thought to be overestimated due to some catalytic effect of additives used in the
experiments [6,15]. Because in any case the value k5 essentially exceeds that of ke and the rate
of reaction (5) much more strongly depends on H* concentration, at pH > 6, the rate of
reaction (6) becomes negligible compared with that of reaction (5). Therefore, the rate
constant of iodine reduction by H2O2 may be written as

+ K 7 [ J ] ) [ H + ] 2 [ J ]

According to [16], in the investigated temperature range, the value of K2 very weakly
depends on temperature. The value of K7 decreases about eight times as the temperature
increases from 300K to 400K [16], but at used iodide concentrations the expression in
brackets does not change with temperature more than twice. The value Ki is the sole
equilibrium constant, essentially changing with temperature. According to [16], its temperature
dependence may be described by the equation:
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inKi = - 1392,9 / T - 44,764 + 0,070692 T (14)

Ki calculated from (14) increases four orders of magnitude as the temperature rises from
293K to 400KThe temperature dependence of k5 has not been studied yet. According to
reported values of rate constants for this fast reaction, change of its rate with temperature is
not expected to be very strong.

The obtained temperature dependencies of Pox]* (fig-2) may be expressed by general equation:

B (15)

These functions corresponding to solutions with different Csl concentrations form two
separate groups of straight lines for solutions with H3BO3 and without it. Inside of every
groupe the value of B/A is approximately the same. So the temperature dependencies for
solutions with H3BO3 and without it are respectively the following:

^ A(l /T-2,510- 3 ) (16)

= A ( 1 / T - 2 , 7 - 1 0 - 3 ) (17)

It was found that the slope A of straight lines is proportional to \X]o
m (fig. 7):

A=l,03.[T]1/2 (18)

So the following empirical formulas describe the temperature dependencies of Pox]st hi
solutions with H3BO3 and without it:

Pox]** = l,O3[T]o1/2( 1/T - 2,510-3 ) (19)

Poxk-B= 1,03- [T]o1/2( 1/T - 2,7 -10"3 ) (20)

It is be seen from (19), (20) that at fixed temperature the steady-state concentration of I<« is
proportional to [ i V 2 .
Linearity of pox]* from inverted temperature indicats that it may be approximated by linear
function from logarithm of some Arrenius rate constant. On the steady-state of radiobysis of
5.10s -5- 10"3 M Csl solutions the conditions necessary for (13) to be approximatelry consstant
take place.
To get any quantitative confirmation of the hypothesis about the determining role of hydrogen
peroxide reactions in [Jox]st temperature dependence let us assume that [Jox]st decreases
proportionary to the value of hi ki3. Then the following expression may be written for

= ( 1/T - B/A) = - a m kI3 = (aEa)/RT - a h k13
0 (21)

where £a and ki3
0 are the activation energy and preexponential coefficient for complex reaction

of molecular iodine reduction by H2O2. After substituting of kn in (21) by expression (13) the
following dependence of [Jox]st on rate coefficients, equilibrium constants and concentrations of
species in solution may be written:
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(22)

where pH* is the steady-state pH of solution.

It is seen from (22) that Jox steady-state concentration should decrease proportionally with
increasing pH*. To examine the dependence (22) experiments on effect of pH on [Jox]st were
performed at 323K for 10'3 M CsJ solutions. The initial pH was varied from 5 to 9. The acidic
solutions increased but the alkaline ones decreased their pH under irradiation. Fig. 6 shows the
dependencies of [JOx]st on pH*. They are in agreement with (22). From the slopes of straight
lines the value of a was derived to be 0,0760.10"3 both for solutions with H3BO3 and without
it. According to (21)

Ea = R/a (23)

The value of 27,5 kcaLmol'1 was found for Ea. From the intercepts of straight lines of pH
dependencies of [Iox] using known values of Ki, K2, K7 [16] as well as measured average
concentrations of [H2O2] and [T] concentrations the values of k5 at 323K were derived. They
were equal 3,8-107 and 40-107 dm3.mor1.s"1 respectively for solutions with boric acid and
without it.

It is important to note that (22 ) predicts the decrease of [JOJ* sensitivity to changing pH when
iodide initial concentration decreases.

Using the value of a the temperature dependence of rate coefficient ki3 was derived from (21).
Then the temperature dependence of k5 was also determined from (13) for solutions of
different CsJ concentrations. The corresponding results are shown in fig. 8. The average value
of activation energys for ki3 was found to be 27,2 kcalmol*1 both for solutions with H3BO3 and
without it. The activation energy for rate constant of reaction (JO" + H2O2) found from the
slopes of corresponding straight fines in fig. 8 was also the same for solutions with H3BO3 and
without it and equal 8,25 kcaLmol'1. The preexponential coefficient of k5 depends on presence
of H3BO3. It was found to be 1,8.1013 dntf.maT'.s'1 in the solutions with HjBO3 and 1,7.1014

dm3.morl.s"1 in the solutions without h..

According to the, data obtained, the values of k^ and k5 in solutions with boric acid are about
ten times less of those in solutions without H3BO3. This fact may be used for explanation of
more efficient radiolytic accumulation of Jox in solutions containing H3BO3.

The average value of k5 (298K)=(17±2)107 dm3.mor1.s"1 in solutions free of H3BO3 is close
to value k5 = 6,6.107 dm3.mol1.s'1 found by Ishiqure [15]. The agreement of k5 value with
literature data as well as coincidence of kinetic parameters found from pH and temperature
dependencies of [Jox]st and their reasonable values may be considered as the confirmation of
hypotheses about determining role of reaction of iodine species, namely, JO* ion, with
hydrogen peroxide.
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5. CONCLUSIONS

From the experimental data on radiolysis of 10"5 - 10"3 Csl aqueous solutions at high
temperatures and pHo = 5 the following conclusive remarks may be derived on the temperature
dependence of IoX and IO3" formation.

1. The efficiency of IoX radiation accumulation decreases with increasing temperature of
irradiation. The steady-state concentrations of IoX in 10"3 M Csl solution decrease more than 20
times increasing the temperature from 316K to 400K The effect becomes weaker with
decreasing T concentration. The temperature dependencies of IoX accumulation in 10'5 -=-10"3 M
Csl aqueous solutions with 0,032 M H3BO3 and without H3BO3 may be described respectively
by empirical equations:

Pox]/ 8 = l ,03[ T ]1/2-(1/T - 2,5. lO"3)

Pox]s«-B=l,03.[r]1/2-(l/T-2,7.10-3)

2. Molecular iodine released from the solution is the main product of radiolysis found in
gaseous phase. Its steady-state concentration at pH < 6 is in equilibrium with molecular iodine
in liquid phase. From one hand the steady-state concentration of airborne iodine increases with
increasing temperature because of decrease of iodine solubility in water from the other hand it
decreases because the radiorytic iodine concentration decreases. Therefore, the maymnim
volatility of irradiated 10"4 and 10'3 M Csl solutions takes place at about (350 - 360)K

3. The temperature dependencies of Iox steady-state concentrations in y-irradiated Csl
aqueous solutions at pH>6 may be explained on the base of hypothesis about the determining
role of molecular iodine (I2) reaction with radiorytic H2O2. On the base of this hypothesis the
activation energy for reaction of I2 with H2O2 was found to be 27,5 kcaLmol'1. The
temperature dependencies of rate coefficient for reaction (IO' + H2O2) were also estimated to
be k5 = 1,8.1013. e"8250*1 and k5 = l,7.1014.e •8250/RT for Csl solutions with 0,032M H3BO3 and
without it respectively.

4. The decrease of IO3" steady-state concentration with temperature and pH may be explained
as the result of suppressing of its formation by reaction of IO" with H2O2.

5. The possible reason for more effective accumulation of Iox in Csl solutions with H3BO3 is
that the value of rate coefficient for backward reaction (IO" + H2O2) in this solutions is smaller
compared with that without H3BO3.

6. The experimental data on the effect of temperature on steady-state concentrations of Iox,
interpreted in the terms of I2 reaction with H2O2 predict the decrease of Iox sensitivity to
solution pH with decreasing initial concentration of iodide ion.
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Fig. 1. The scheme of Iodine Thermoradiation Facility (TTF) (see table 1).
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Components and characteristics of Thermoradiation Iodine Facility
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Reaction vessel

Irradiation source

Block for control of
external parameters

Roumeters for
gaseous and
liquid loops

GrcullaUon pumps

Block for
purification of
radiolytic gasscs

Block Tor
preparation of gasscs

Gas-
chromatograph with
ESD

Gas-
chromatograph v îth

no
Analogic- number
transformator

Cell for extraction
of inorganic
compounds from
liquid phase

Gas-liquid
chromaiograph

Electrochemical
analysis block

Optic analysator
(with addition of
reagents)

Optical analysis (in
stream)

Reagents '
preparation block

Block for
purification of
liquid phase

Detector of
molecular iodine.

Purpose and Characteristic

Steel vessel, modeling of
containment. V=2000 cm

Co-60. summar activity 300 TBq

Control and determination of
temperature (T),pressure (P),
irradiation dosage (D).

Measuring and regulation of gaseous
and liquid stream (I).

The pumps from stainless steel for
gaseous and liquid systems

Modelling of purification of gaseous
atmosphere ot containment using
sorbents

Preparation of the composition of
gasscs for modelling of containment
atmosphcrc(CH4. Oj. Hcj(introducing
of gaseous inhibitors of radioiodinc.

Automatic analysis of organic gasscs
(RJ etc) wiih time interval 10 min.

Automatic analysis of gasscs (H;. O2.
CH4 etc) with time interval 10 min.

Transformation of signals from
detectors for computer (PC)

Continuous extraction of dissolved
inorganic compounds from, liquid
phase in stream using the method of
balanced vapor.

Automatic analysis of iodine- organic
and other components in liquid
phase with time interval 10 min.

Continuous measuring of content of
solution using ion-selective clectrods
(pH. J~~. Red-Ox potcniials£tc)

Automatic analysis of IO~3 in stream
of liquid phase.

Automatic analysis of J2, J*3 J* in
stream of liquid phase.

Preparation of model solution for
radwlysis, introduction of impurities
and radiolytic iodine scavengers.

Modelling of spilled solution
purification in the containment using
sorption

Continuous automatic analysis iodine
concentration in gas phase using
semiconductor sensor.

Technical Parametrs

Detector Range

V* /V* =005-19

—

T = 300-400 K
P - 0 - 1 MPa
D - 0 - 4 KGy/b

1* - 0.02-500 crn3/s
r * 0.02-50 cnrTs

H* • 500 cm3/s
H* * 50 cm3/5

—

P,., - 1 MPa

&M « 1E-09 M

C8 • IE-OS M'

—

<?„ » 1E-09 M

&u - 1E-09 M

pH - 0 -14
p J = 0 - 6

qJO,") ;* 1E-07M

C(Ljfy 1E-06M
QJ,"- ) ' - 1E-07M
C(ti m 1E-07 M
C -1E-05-1E-01 M

—

qj,)* «IE-II M

Predssion
%

—

—

5
10
10

5
5

10
10

—

10

15

15

—

15

15

10

10

15
15
15

15

—

10



144

Fig. 2. Dependence of !„ steady-state concentration on temperature of irradiation.
The initial Csl concentrations are: 1 - 10"3 M; 2 -10^ M; 3 - lO^5 M; 4 - 7,8.10"* M;
5 - 3,1.10"* M; 6 - 5,85.10* M; The initial pH is 5; 1,2,3 - flow experiments; 4, 5, 6 -
ampoule experiments. Additive; 1,2,3 - 0.032 M H3BO3.
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Fig. 3. Dependence of IO3 steady-state concentration on temperature of irradiation.
The initial Csl concentrations are: 1 - 5,85.10^ M; 2-3,1. lO^M; 3-0,8. NV3 M;
4-1.10"3 M; 1, 2,3- ampoules experiments, 4 - flow experiments; Additive: 0,032 M
H3BO3(4).

2.5 2.6 2.7 2.8 2.9 3.0 3.1

1000/T



146

Fig. 4. Dependence of H2O2 steady-state concentration on temperature of
irradiation. The initial Csl concentrations are: 1 - 5,8.105 M; 2 - 3,1.10"* M;
3 - 0,8.10~* M; The initial pH: 5; Ampoule experiments.
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Fig. 5. Dependence of Iodine Partition Coefficient on temperature of irradiation.
The initial Csl concentrations are: 1 - 105M ; 2 - 1CT1 M; 3 - 10"3 M; The initi
pH: 5. Additive - 0,032 M H3BO3.
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Fig. 6. Dependence of 1» (1,3) and IO3' (2) steady-state concentrations on the final
(steady-state) pH of solution. Csl concentration: 10"3 M; Additive: 0,032 M H3BO3
(3). Flow experiments

6.0 6.5

PH
S«



149

Fig.7. Coefficient A from equation (15) as a function of Csl initial concentration.
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Fig. 8. Rate coefficients of reactions (I2 + H2Oj) (k,s) and (H> + H*O2> 0*) a s

functions of temperature.
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