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TESTING AND EVALUATION OF ABSORBERS
FOR GASEOUS PENETRATIVE FORMS OF EADIOIODINE

M.J. Rabat
Ontario Hydro

Central Health Physics Services
Pickering Generating Station

Box 175
Pickering, Ontario, Canada

Abstract

A significant fraction of airborne radioiodine, encountered at times in opera-
tional areas of Ontario Hydro nuclear power generating stations, was found to be
penetrative inorganic and organic species.

Theoretical evaluation of iodine chemistry is presented in this paper based on
analysis of operational iodine concentrations in station systems, areas and
effluents under actual operating conditions. The theoretical evaluation and the
operational experiments show that hypoiodous acid and organic iodides are the basic
forms of airborne iodine which occur in the field and in station effluents.

A method was developed for laboratory generation of HOI and its identity con-
firmed by use of specific absorbers.

Six of the commercially available (and recently developed) absorbers were
tested for HOI removal efficiency in the laboratory under conditions similar to
those found in the field. Experimental equipment, methods used for the absorber
testing and experimental conditions are described. It is evident from results of
these measurements that charcoals have generally better initial absorption
efficiency for hypoiodous acid than silver impregnated inorganic absorbers.

Both technical and economical aspects of the operational use of the tested
absorbers are discussed in this paper.

1.0 Introduction

"On-power refuelling", which is performed on a routine basis, is one of the
characteristic features of the CANDU system. Fuel performance is generally
excellent but occasional fuel failures occur and volatile fission product's are
released from the fuel. These may escape from the heat transport or spent fuel
handling system and migrate through ventilated areas into station gaseous
effluents.

Investigations have been carried out in Ontario Hydro to improve control of
airborne radioiodines under such circumstances. Theoretical analysis and experi-
ments were made to evaluate operational concentrations and chemical forms of
iodine in the station systems, areas and effluents. As a result of these investi-
gations it was determined that iodine is present in ventilated areas in very low
concentrations («liig/m3 of air) as HOI and organic iodides.

Two methods are employed to reduce the airborne iodine concentrations:

1. Control of iodine volatility ar.d
2. Airborne iodine removal from the station gaseous effluents.
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The main concern of this work was to evaluate the removal efficiency of ex-
isting absorbers for airborne radioiodine under real operating conditions.

Many reports are available quoting absorption efficiencies based on testing
with CH3I within a wide range of experimental conditions but no conclusive tests
on HOI absorption were published.

Our theoretical and experimental investigation on iodine chemistry and testing
of absorbers for HOI absorption efficiency are described. The results in this
paper are related to the practical use of the absorbers.

2.0 Operational Concentrations of Fission Product Iodine

The origin of the various radioiodines and their subsequent migration from
fuel ••• heat transport system * spent fuel transfer system -»• spent fuel
storage -*• gaseous effluents was described in reference fl].

A brief review is presented in the next sections and the latest information
included.

2.1 Iodine Isotopes in CfiHDU Reactor Fuel

Seven iodins isotopes (Tj ,i > 1 min.) are generated in the fuel, mostly as
products of Te decay. Only three of them (isotopes 131/ 133 and 135) are radio-
biologically significant and another fcws (127 and 129) are accumulated in higher
concentrations than 131I in fuel which has been at power for several nonths.

For the purposes of the following calculations, it is assumed that:

Iodine isotopes are considered as direct products of 235U fission.
1Z9I is considered as a stable isotope.
No further neutron activation of the iodine isotopes takes place in the
reactor.
No release of iodines fran the fuel occurs during its irradiation.

- The fuel bundle is located in the maximum neutron flux zone throughout
all of its irradiation period.

The iodine generation rate - R(g x hr"1 x kg"1 U02) is calculated fron:

_ C x Y x P x M x 3600
Av x 100 (Bq. 1)

G, the equilibrium amount of iodine isotope in g x kg~1uo2, is derived from:

G = 5 (Eq. 2)
A

Where: C = 3.1 x 1010 (fissions x sec"1 x Watt"1)
Y = fission yield of iocone isotope (%)
M = mass number of iodine isotope
A •= decay constant (hr"1)
P = specific power (= 30 kW/kg uc-2)
Av = Avogadro's number

The amount of the various iodines generated in Pickering G.S. fuel is shown
in Table 1.
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Amounts of Iodine Isotopes in Candu Fuel

Isotope

Generation Bate

R (g x hr"i x kg|^

Amount of I
accumulated in the
fuel after:

1 week
1 month
6 months

12 months

(g x k^)

127I

9.7 x 10~7

1.6 x 10"^
6.4 x 10-,
3.9 x 10
7.8 x 10" 3

129j

7.2 x 10~6

1.2 x 10"*
4.8 x Iff",
2.9 x 10"
5.8 x 10"2

131J

2.1 x 10~5

2.6 x 10-3
5.8 x 1 0 ,
5.9 x 10-
5.9 x 10-3

133J

4.9 x 10~5

1.5 x 10"3
1.5 x 10",
1.5 x 10"
1.5 x 10~3

2.2 Escape of Iodines fran the Fuel into the
Primary Heat Transport System

To determine the equilibrium concentrations of radioiodines in the heat trans-
port system, it is assumed pessimistically that there are 100 fuel bundles present
in the core, each of which contains 2 seriously defected elements continuously re-
leasing 10% of their generated iodines.

The total weight of 002 in 200 elements = 169.2 kg. If we assume that the
decay half-life of i3il is longer than its diffusion time through the element then
the release rates of iodines are proportional to their generation rates given in
Table 1 under continuous release conditions. Their equilibrium concentrations in
the heat transport D2O are as given in Table 2.

Table 2 also shows that in the case of continuous iodine release from defect-
ive fuel elements the equilibrium concentration of 127I + J29I in the HT-D2O is
lower than the 13ll concentration. However if the fuel defect occurs after 12
months of full power operation, the initial ratio (127I +129I)/13il can be
derived from Table 1 to be as high as 10.

TABLE 2
amounts of Iodine Isotopes in the Heat Transport D2O

Isotope

Escape Kate
(g x hr-i) , ,
Equilibrium Mass K '
(3) M
Concentration in D2O
(g * «-*> (+)

Concentration in D2O
(Molar)

3.6 x lO"1*
1.3 x IO-3

7.4 x 10"9

6 x 10"!!

129j

1.2 x XT'*
4.4 x lO"1*

2.5 x 10"9

2 x 10-H

127X

1.6 x 10-5

5.9 x 10~5

3.4 x 10~10

3 x 10~12

(+) Heat transport purification half-life =2.5 hours,
total amount of D2O in the HT system = 175 Mg.
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2.3 Release of Iodines into the Spent Fuel Transfer Systeir.

Fuel bundles discharged frcm the reactor pass through fuelling machines into
spent fuel magazines and from these into an elevator mechanism in the spent fuel
transfer roecn. They are exposed to an air atmosphere at this stage but pass
quickly into water and are transferred by a shuttle mechanism into the spent fuel
bay. Defective fuel elements may release a significant amount of volatile fission
products when exposed to air in the elevator mechanism.

xodine concentrations in the spent fuel transfer room were calculated using
the following conservative assumptions:

8 seriously defected elements are discharged in 1 day
2% of the total iodine inventory is released from the
element during this period

- The fuel transfer elevator chamber releases its inventory
of iodines into the fuel transfer room, which is partially
ventilated.

Under these conditions a total of 100 Ci of 131I released in the spent
fuel transfer roan (= 30 nCi/m3 = 3 x 106 MPCa) represents 3 yg of iodines At3

of air.

2.4 Iodine Concentration in Spent Fuel Bay Water

One hundred (100) pCi/Jt was the highest ever identified concentration of
131I in the spent fusl bay water. If the concentration of stable iodines was 10
times the 131I concentration, the total iodine concentration in the bay water was
= 8 x 10"9 g/fc = 3 x 10~ n M. About 100 tunes lower iodine concentrations are
present in the bay water after discharging of a single defective fuel element.

2.5 Iodine Concentration in Stack Effluent

Iodine concentrations in the stack effluent were calculated from the gaseous
release restrictions for Pickering G.S. under the following conditions:

Station maximum permissible release limit for 13!I
= 400 nCi/week/5 vent, units.

- The lowest ventilation flew ra.te = 185 m3/min/unit.

Iodine removal efficiency in the ventilation filters = 99%

Concentration of (127I + 1 2 9I): 131I = 10:1.

The resulting airborne iodine concentrations:

in the stack effluent <4 x 10"12 g/m3

at the ventilation filters inlet <4 x 10~10 g/m3.
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3.0 Chemistry of Iodine in Operational Systems

The chemistry of very low iodine concentrations, occurring in the systems
under high temperature and/or high radiation conditions, is not a problem which
can be solved entirely by way of operational research in the field. Nevertheless,
some fundamental investigations were made by the Health Physics Department of
Ontario Hydro in order to assure satisfactory control of airborne radioiodines in
station areas and in gaseous effluents.

A discussion of results of the theoretical considerations and experimental
studies follows.

3.1 Iodine.-; in the Primary Heat Transport System

It is possible that small amounts of an organic binder are left in the U02

from the fuel manufacturing process. However there is little probability of
organic iodines being present in the fuel during irradiation considering that
operating temperature in the fuel elements reaches 2000 "C. Therefore we would
expect that the major portion of iodines released from the defective fuel into
heat transport D2O is in the gaseous, elemental form.

The operational parameters of the heat transport D2O are as follows:

temperature - 250-295°C
pressure - 8.8 x 103 kPa
pH - 10.3 (LiOH)
D2 concentration - 15 ml/kg D20 (average)

The reaction of gaseous iodir.e with D2 is just exot; 3rmic [2] but its
equilibrium is affected by the alkaline conditions. This reaction can be still
more complicated by radiolytic products in the heat transport D20. In the final
stage a major portion of dissolved iodine will be present as Lil. Besides a sig-
nificant retention of iodine on internal surfaces and corrosion products is
assumed in the primary heat transport system. If there is organic iodine re-
leased from defective fuel into the HT-D2O it reacts with hydroxide ions by a
nucleophilic displacement mechanism.

R.I + LiOH + R.0H + ULI

The rate constants for this iGzction are [3] .

6.4 x 10"5 (2. x nol"1 x sec"1) at 25°C, or
0.55 (2. x rool"1 x sec"1) at 120°C

which show this reaction is very fast under heat transport operational conditions.

Escape of D2O in liquid form from the heat transport system does not cause a
significant airborne hazard because there is a minimum transfer of iodine from
alkaline solutions of iodide into gaseous forms. This was proven experimentally
when significant amounts of noble gas isotopes were escaping into the reactor
building atmosphere from the primary heat transport system through a defective
gasket in the bleed condenser. A negligible amount of radioiodine was detected in
air samples, taken at this time in the reactor building.

If D20 is leaking as steam, Lil appears in the airborne particulate form,
which presents the same hazard as elemental radioiodine when inhaled.
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3.2 Iodines in the Fuel Transfer System

High levels of radioiodines have been experienced in the spent fuel transfer
elevator chamber, as calculated in part 2.3 of this paper. The airborne iodine
migrates from the elevator chamber into the transfer room where it changes almost
completely to organic iodides within a few days. There are two mechanisms
involves in this reaction:

1. Reaction of 12 with Airborne Methane

Several authors have studied the reaction of I2 with methane. A
reaction with velocity constant of the order of 10"J sec"1 at normal
temperature has been reported [41. According to sane of the reports,
the yield of CH3I depends on the CHit:I2 ratio and radiation intensity.
Up to 50% conversion was attained in a high radiation field with a
a v i 2 ratio of 500 15).

Under the assunptions that 1 PPM of Ofy and 3 ug T-zM3 are present in
the transfer rocm air (see 2.3), the volumetric ratio of CHi,^ is
2000. The gamma radiation field in the transfer room is in the order
of 101*- 105 R/hr during a refuelling process. It is likely, therefore,
that significant amounts of CH3I is formed by the reaction of iodine
with CH4 in the spent fuel transfer roan air.

2. Reaction of I? with Organic Paints

Bennet et.al. [6] concluded that 'methyl iodide and other organic species
of iodine are formed when elemental iodine is exposed to paints and
other organic films on vessel surfaces. Most surfaces in the transfer
rooms are protected by organic paints and high sorption of radioiodine
at the surfaces has been identified on several occasions. With the cata-
lytic effect of the high radiation field an efficient transfer of the
sorbed iodine into volatile organic species can be expected in this area.

Hypoiodous acid (HOI) is another chemical form of radioiodine which can be
released from H2O at the bottom of the elevator chaniber during the process of de-
fective fuel discharging. The mechanism of HOI generation and its properties will-
be discussed in Section 4.

On several occasions more than 90% of the airborne iodine was identified in
its non-elemental form within 3-5 days after refuelling of defective fuel bundles
in the fuel transfer room at the Douglas Point and Pickering nuclear power
stations,

3.3 Iodines in the Spent Fuel Bay Water

When defective fuel is baing discharged from the reactor into the receiving
bay, the iodine leak rate is still high and relative humidity can approach the
saturation point in the spent fuel bay rocm. Up to 500 Ci of 131i was released
into the spent fuel bay water within a few hours after discharging several defect-
ive fuel bundles (see 2.4).

It was mentioned in 3.1 that small quantities of organic iodides could be
generated in the fuel elements. Organic iodides can also be formed by the
reaction of I2 released from the defective fuel with traces of organic compound
extracted from the epoxy lining of the spant fuel bay, possibly from DC resin in
the bay purification system and grease released from tools and mechanical equipment
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in the bay. The presence of small amounts of organic iodides in the bay water
was confirmed experimentally. The major portion of airborne radioiodine is re-
leased from the bay water as hypoiodous acid within a few hours after discharge of
defective fuel elements.

The above conditions initially presented sane difficulties with removal of
airborne radioiodines from the bay room atmosphere and reduction of iodine re-
leases in gaseous effluents.

The "HOI problem" is discussed in more detail in Section 5.

3.4 Summary

1. The calculated iodine concentration and the chemical forms in which it is
occurring in Pickering systems and gaseous effluents are summarized in
the following table:

TftBIE 3

System

Fuel elements after
12 months of full
power operation;
(g x kg"l )

Heat transport D2O
(g x £"i of D5O)

D20 (M)

Spent fuel bay water
(g x ST1 of H,0)

Bay water (M)

Spent fuel transfer
room
(g x m~3 of air)

Ventilation filters
inlev.
(g x «r3of air)

5.

7.

6

8

3

3

4

13

9 x

4 x

X

X

X

X

X

Concentration

ll

10-3

10-9

lo-n

10-1°

10-12

10"7

10-11

12

.6

2.

2.

8

3

3

4

.6x

8 x

3 x

X

X

X

X

129j

10-2

10"9

10-11

10~9

lo-n

10-6

10-10

Chem.
Forms

(org. iodides)

HOI

(I2; org.
iodides)

HOI

(I2; org.
iodides)

HOI, org.
iodides,

This shows that the operational iodine concentrations in all sysijems
are extremely low even when the radioicdine activity is close to the
maximum permissible operational limits.

Liquid D2O leaking frcm the heat transport system is not a major
source of gaseous iodine. Participate Lil is the formof iodine which
can be released from the heat transport system with D2O steam.
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4. The ratio of iodine species in the spent fuel transfer roam varies
with time. I- and HOI are the forms released into the roan atmosphere.
Organic iodides are formed by reaction of I2 with airborne CH4 and
organic materials. They are the prevailing iodine form in the room
within a few days after refuelling of defective element.

5. Very small amounts of organic iodide are released from the spent fuel
bay water. A major fraction of the airborne radioiodines which is
released frcm the bay water during the first 24 hours is hypoicdous
acid.

4.0 Formation and Control of the Inorganic
Penetrative Form of Iodine

4.1 Published Data on "Penetrative Iodines"

An exhaustive review of the chemistry and removal of methyl iodine was
prepared by C.F. Parsly [7]. In his summary he discusses his doubts about
quantitative assessment of CH3I in samples which were analyzed by using May Pack
sampler only. He refers to several experiments in which the methyl iodide
concentration was measured both by May Packs and by gas chranatography, and the
amount of CH3I measured by May Pack was overestimated by factors up to 20
(average of 6). Other conclusions, made in this review, will be later compared
with results of our investigations.

Graig [8] and Wilhelm [9] reported a concentration dependence of the
charcoal absorption efficiency for elemental iodine at low concentrations
(<1 pg/m3). No such effect was observed when CH3I was absorbed at normal
conditions.

D. Pence [10] reported similar concentration dependency of CH3I absorption
efficiency on charcoals and Ag-X13 at 90°C and 90% RH.

It follows from chemical considerations that the more penetrative form of
airborne iodine, occurring only at low concentrations, could be similar to the
airborne iodine which is formed in the spent fuel bay water for a short time
period after receiving a fresh defective fuel bundle-and which we preliminarily
identified as hypoiodous acid [1].

4.2 Published Data on Chemistry of Hypoiodous Acid

Hypoiodous acid (HOI) formation and its chemical behaviour has been discussed
in many publications. Its existence was proven theoretically but because it can
exist only in very diluted solutions and its stability is low, no direct
experimental evidence has been submitted.
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The following reactions are involved in formation of HOI and i t s dissocia-
tion in aqueous solutions:

ki + -
I 2 + H2O + ffil + H + 1 (1)

K2 +
I 2 + H20 + H 2 0 1

+ 3 +

H2OI + H20 j HOI + H30 (3)

I2 + I j I3 (4)

*5 _

HOI + I + HOI2 (5)

I2 + OH + HOI2 (6)

10

3I2

2I2

HOI

HOI

+ 1 + H20

+ 3H2O

+ 6H+ + 10^+2 H20

+ H20

+ H20

+ HOI2

*8 _
t I03 +

+ 5H2OI

ka
+ 10" +

+ H2OI
+

+ OH

5I~ + 6H+

+

H30
+

+ OH"

(7)

(8)

(9)

(10)

(11)

T. Allen and R. Keefer [11] studied the formation of hypoiodous acid and
hydrated iodine cation (reactions 1,2) by spectranetric analysis of aqueous
solutions of iodine. They determine the following equilibrium constants:

kj = 5.4 x 10~13 at 25°C

= 0.49 x 10~13 at 1.6°C

They set an upper limit of k^ to 1 x 10~ 1 0 at 25°C and used 1.2 x 10"11 as
the most probable value in their calculations.

The dissociation constant k3 is given by the ratio of ki/kz= 4.5 x 10~
2 at

25°C.

If no impurities are present in an iodine solution then hydrolysis given by
reactions (1) and (2) is the only source of iodide ion which can enter further
into reactions (4), (5) and (7).

The equilibrium constant ki« = 768 at 25°C as reported in [12] .
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M. Eigen and K. Krsstin [13] proposed a roechanisn for iodine hydrolysis via
an intermediate "ternary" confound HOI£ which from the reported equilibrium con-
stants has relatively high stability:

k5 = 3 x 102

k6 = 1.5 x 101*

Eggleton [14] refers to a value of k7 = 0.13 and concludes that HOI2
exceeds only 20% of other iodine species present at pH > 8 and iodine concentra-
tions of > 10"3 M.

The reaction (8) is relatively slow at low pH as reported by Bell and Geller
[5]. It is suggested in publication [17] that its equilibrium constant
ka = 4 x lO"**

8 cannot be used for solutions of iodine at low concentrations and
pH > 7.

Allen and Keefer [11] reported a value of kg = 5 x 10~8. In their .experi-
ments most of the 10^ was reduced to H2OI in solutions of I2 + IO3 + H at low
concentrations.

The HOI dissociation constants are very snail. The most probable values are
given in publication [2].

ka = 4.5 x 10~13

kb = 3.2 x 10~10

The above constants show that HOI has an atnphiprotic character. Its reaction
depends strongly on pH.

4.3 Theoretical Considerations

The relative contribution of the above chemical reactions to HOI formation
within the range of pH (6-10) and Iodine concentrations (10~8 - 10"12 M) were
theoretically evaluated from the above chemical equations and their equilibrium
constants.

Reaction (1)

It is obvious fran Graph 1 that a high yield of EDI is obtained from
this reaction within the above limits.

Reaction (2)

Graph 2 indicates that the hydrolytic yield of H2OI is far below HOI
yield under the same conditions.

Reaction (3)

It is illustrated in Graphs 3 and 8 that H2OI is almost completely
hydrolysed to HOI in neutral and alkaline solutions. Therefore, H2or*" can
be considered only as a transient hydrolytic product which is formed .in neg-
ligible amounts under the conditions of pH and I2 concentration met ip
practice.

Reaction (4)

It follows from Graph 4 that a significant amount of I2 can be absorbed
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from i ts solution by I~ only if I~ exists in relatively high concentrations
(> 10"6 M).

Reaction (5)

The intermediate "ternary" product formation in I2 solutions is demon-
strated on Graph 5. The [HOI]/[HOI2] ratio depends on pH and I2 concentra-
tion. This graph shows that a negligible amount of HOIJ is present in I2

solutions under the considered conditions.

Reaction (6)

According to Graph 6 significant amounts of HOlJ can be generated in
alkaline solutions by hydrolysis of iodine. This intermediate product dis-
integrates to HOI + I" (see Graph 5) so that the final [HOI]/[HOI2] ratio is
controlled by reaction (5).

Reaction (7)

Beside the disintegration of HOI2 through reaction (5) it has a high
tendency to hydrolyse in alkaline solutions to I0~ + I~ (see Graph 7).

Reactions (8) and (9)

Reaction (8) is slow [5]. Therefore, the effect of IO3 concentration
on H2OI

+ yield from reaction (9) was calculated and related to reaction (8).

Under the assumption that reaction (9) is faster than reaction (8)
Graph 8 indicates a high transfer rate of 10^ to H2OI

+ in neutral and
slightly alkaline solutions of I2.

Most of H2OI
+ is immediately transferred to HOI according to the

reaction (11).

The above considerations indicate that insignificant amounts of 103 are
formed in iodine-in-water solutions under the specified conditions of pH and
Iodine concentration.

Reactions (10) and (11)

Dissociation of HOI to its anion and cation depends strongly on the pH
of the solution. Graph 9 shows that less than 10% of the HOI is dissociated
to H2OI

+ at pH > 5.5 and a pi > 11.3 is necessary to obtain > 10% of its
anion 01 ~.

It follows fran this graph that hypoiodous acid has an alkaline rather
than acidic character and that more than 90% of the HOI is present in
solution in its non-dissociated form within the pH range of 5.5 - 11.3.

4.4 Volatility of Inorganic Iodine Sgqcies

Most of the iodine species considered above have a high partition coefficient.
Eggleton [14] obtained partition coefficient value of:

1.4 x 1O33 for 1", and

3 xlO 7 1 for H2OI
+
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and estimated that the partition coefficient of 0I~ will lie between that of l~
and H 2OI

+. The partition coefficient of elemental iodine is in the region of
10 ** - 10 5 and for HOI was calculated from approximate thermodynainic data to be in
the range of 77 - 4300.

Keller et al [16] obtained a partition coefficient of about 300 for BDI frctn
results of their experiments.

4.5 Summary

The above theoretical evaluation can be sunmarized as follows:

(1) The concentration of transient products such as H2OI , H0I2 , 10 3 ,io"~and
I 3~ is low in iodine solutions under the considered conditions.

(2) Practically all I 2 is hydrolysed to HOI and I in this situation.

(3) The volatility of H20I , 103", I0~ and l~ from their aqueous solutions
is very low.

(4) Besides elemental iodine, which is slightly volatile, HOI is the only
inorganic iodine compound, formed in water solutions under the
specified conditions, which is considered to be highly volatile.

5.0 Experimental Studies on HOI Formation

5.1 Identification of HOI .in the Spent Fuel Bay Water at
Pickering G.S.

As it was explained in part 2.4 of this report, the highest ever measured
1 3 1I activity in the Pickering G.S. spent fuel bay water corresponds to total
Iodine concentration of <3 x 10~ 1 3 M. It was derived theoretically that practi-
cally all the iodine can be hydrolysed in water at this concentration.

Measurements taken in the Pickering G.S. spent fuel bay in 1971-1972 were
described in publication [1]. Ian exchangers were used to measure the concen-
tration of both 1 3 1I and 1 3 3I in the bay water and also the ratio in which they
were absorbed in cationic and anionic resins. It can be seen from Graph 10 that
the ratio of 1 3 1I absorbed on cationic to that on anionic resins increased rapidly
during the first hour after discharging a defective bundle but then the relative
amount of the "cationic iodine" decreased as the iodine concentration in bay water
increases. This can be explained by the increased I~ and H + concentration in the
bay water due to reaction (1).

Airborne concentration of the penetrative form of iodine in the bay room
followed a similar pattern as the "cationic to anionic iodine" ratio in the bay
water with the exception of slower decrease (see Graph 10).

This behaviour of the penetrative form of iodine gave good reason to believe
that it was identical to the iodine form which dissociates in water to the cation.
Hypoiodous acid is the only presently known form behaving this way in water
solution/therefore it is the likely form present in bay water under such con-
ditions.

There is a similarity between our observations and the cases reviewed in
Parsly's annotation[7], as follows frcm his Summary: "In well over half the
experiments in which the amount of charcoal seeking iodine was reported as a
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function of tims, the arrount was highest immediately after iodine release and de-
creased with time. We cannot state with certainty that this was or was not
methyliodide." It is also concluded in the Summary that: "It does seem fairly
clear that when the release occurs into water less than 0.1% of the iodine will be
converted to organic form."

5.2 Operational Control of Iodine Volatility

A method for iodine volatility control frcsn the bay water was developed in
Ontario Hydro. This employs hydrazine in about 50 PFM concentration in the bay
water. Iodine is reduced to hydroiodic acid: • - . .

212 + N2 Hi, * 4 HI + N2. (12)
Kblthoff [17] studied the effect of pH on the iodine-hydrazine

reaction. He concludes that the optimum conditions for quantitative reduction of
I2 to HI are at pH 7-7.5. This is the pH range normally maintained in the bay
water.

K.K. SenGupta and K.S. SenGupta [18] studied the kinetics of this reaction
and found that increasing cancentraticns of H"1" and I~ leads to an overall decrease
in the reaction rate. They suggest that HOI or H2OI is the reacting component.

Hydroiodic acid resulting from this reaction is not very volatile. It is con-
tinuously removed from the bay water by the bay purification system. On several
occasions the airborne 131I concentration in the bay room was reduced by a factor
> 10 in a short period of time by adding hydrazine to the bay water after dis-
charging defective fuel into the spent fuel bay at Pickering G.S.

5.3 Generation of the Non-elcncntal Iodine Species in the Laboratory

To provide for more accurate experimental investigations of HOI properties,
a laboratory method was developed for the generation of HOI containing a minimum
amount of both organic iodides and elemental iodine.

A solution of "carrier-free" iodide (as Na 131I) was used for the above prep-
arations. It was specified by the supplier that this solution contains a
maximum of 4 x higher concentraticn of stable iodine than concentration of 131I
at the time of its delivery. This solution was used for a maximum of 2 weeks so
that the iodine concentration from which HOI was generated in the laboratory was
similar to its concentration under field conditions as analyzed in part 2 of
this report.

5.3.1 Generation of HOI and CH3I

1. A method which was used in the previous HOI investigations [16] and
[21]:

Elemental iodine was generated by the oxidation (using H2O2, K2Cr2 O7
or KIO3) of "carrier-free" Na 13^I in acidic solutions using reaction
(8). I 2 was stripped from this solution with a high purity Helium
(12pm) into a weak alkaline solution (pH = 10-11) where it was
hydrolysed to HOI.

2. A method developed in our laboratory is based on the following chemical
reactions:
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2 Nal + Br2 * 2 NaBr + I2 (13)

I2 + NaOH * Nal + HOI (14)

Elemental brctnine is added to Na 131I alkaline solution in slightly
higher concentration than iodine. The above reactions are occurring
in parallel with hydrolysis which eliminates the bromine excess frcm
the solution, txansfearring it to a non-volatile bromide and hypo-
hrcmide:

Br2 + NaOH * NaBr + NaBrO + H20 (15)

Fifty (50) ml of "carrier-free" 131I (5 uCi/nl) in 5 x 10~2N NaOH
was used in the "Iodine Generator" which corresponds to - 3 x 10"9 M
iodide if the ratio of stable I/131I is 10 in this solution.

1 pg of Br2 which was added to this solution (giving concentration of
10"' M Br2) generated > 0.1 yCi of gaseous HOI.

3. In order to compare HOI and CH3I properties, gaseous CH3I was generated
by purging He through a solution of a carrier-free 131I + (03)2 SOî ,
as described in publication [19].

5.3.2 Description of Apparatus

The apparatus, which is illustrated on Figure 1 was used for all of the
methods described above.

The gaseous species of iodine were stripped from an alkaline solution AS and
carried with He stream through a glass fibre filter Fl, Cu screens (etched
with HI) and bubblers B1-B4, which were filled with distilled water, for removal
of the remaining I2. Th

e non-elemental iodine species, released from the last
bubbler, were absorbed in 2 sampling cartridges in series (2 in. dia. x 1 in.
depth) filled with 5% TEDA impregnated charcoal. The gas reaching the first
cartridge was maintained at rocm temperature and 100% RH (it was saturated with
H2O in the preceding bubblers). A heater H was installed after the first cartridge
to reduce the relative humidity of the gas sample before its entry to the second
("back-up") cartridge A2.

Total absorption of iodine in the second cartridge A2 was confirmed experi-
mentally on several occasions, when another fresh cartridge (filled with impreg-
nated charcoal or silver zeolite), installed after the cartridge A2,did not
contain any measurable amount of iodine. The existence of an iodine species
which could completely penetrate the third absorber under these conditions can be
excluded frcm our considerations.

5.3,3 Evaluation of Properties of the Non-elemental Iodine Species

HOI Generation - Method 1

KCO3 gave the best results of the tested oxidizing agents for HOI generation.

Mare than 70% of the iodine released fran the generator G was retained in the
alkaline solution AS. More than 90% of the gaseous iodine released fran the alka-
line solution (AS) was present in its nan-elemental form.

The Partition Coefficient neasurement indicated (see Table 6) that it was



13th AEC AIR CLEANING CONFERENCE

difficult to generate HOI with low content of organic iodides when this method
was applied.

HOI Generation - Method 2

The most advantageous feature of this method is that elemental iodine can be
generated by reaction (13) directly in an alkaline solution where it hydrolyses
immediately through reaction (14). The second product of the hydrolysis, Nal, is
returned to the displacement reaction (13). A high yield of HOI can be obtained
and much less of organic iodide is formed in parallel with these rapid reactions.

Results of our neasurements are in agreement with the above theoretical
considerations of Section 4.3.

1. The ratio of I2/K0I in the He stream fron the generator can be con-
trolled by pH of the Na Isolution in G as shown in Table 4.

TABLE 4

PH

2

12

% of I2

75

<10

% of HOI

25

>90

2.. The rate of hydrolysis was significantly reduced after the I concen-
tration was increased. After adding HI to the basic solution in G the
ratio of I2/HOI increased as indicated in Table 5.

TABLE 5

4.

I Concentration
in G

10"9 M

10~2 M

Gaseous Iodine Purged with
Helium from the Generator G

% of I2

<10

65

% of H3I

>90

35

3. From the 131I ratio in the four distilled water bubblers it was de-
termined that > 85% of elemental iodine, released from the generator
with HOI, was absorbed in bubbler 1. A fraction of this I2 was
hydrolysed there, giving a higher yield of HOI from the system.

Because of the high HOI yield from the generator, the apparatus was
simplified by removing bubbler AS and the Cu screens and the final
arrangement of the apparatus is given on Figure 2.

CH3I Generation

No difficulties were experienced in the generation of CH3I. Methyl-
iodide was purged out of solution of Na 131I + (CH3)2 SOi, with He (lipm).
The CH3I release rate was steady through the experimental periods and only
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less than 1% of the 1 3 1I was absorbed as I 2 on the Cu screens.

5.4 absorption of HOI and CKSI in Liquids

As explained above, a series of bubblers filled with distilled water (50 ml)
was used to separate all soluble ccnponents fran the gaseous non-elemental iodine,
generated from the solutions of Na 131i under conditions described in Section 5.3.
A maximum of 4 bubblers could be installed in series because of their high flow
resistance. It was found that 3 bubblers were sufficient for Partition Coefficient
measurements because the distribution of dissolved iodine in these bubblers was re-
producible under normal experimental conditions.

1. Measurement of the Water/Air Partition Coefficients

The water/gas partition of the investigated iodine form was calculated from
the ratio of 131I measured in the last bubbler to the total 131I in the
solid absorbers.

The partition coefficient (PC) is defined as:

Volumetric concentration in water
PC Volumetrxc concentration in air

The typical ranges of PC measured at room temperature (22*^ + 1) and at
atmospheric pressure in the experimental conditions described are summarized
in Table 6.

TABLE 6

Experimental Conditions

HOI generated by Method 1.
No He purge before absorption
Use of demineralized H2O in
iodide solution and bubblers.

HOI generated by Method 1
after 1 3 1 I ~ solution purged
with He. Use of demineralized
H2O

HOI generated by Method 2,
He - purge.
demineralized H2O.

HOI generated by Method 2,
He - purge
distilled H2O

CH3I generated by the method
described in publication [19]

Chemical Forms
of Iodine

Org. iodides
(HOI)

Org. iodides
+ HOI

HOI
(Org. iodides)

HOI

CH3I

Measured
PC

5-15

20 - 60

70 -120

140 -200

1,5 - 2

The PC values in Table 6 suggest that:

(a) HOI generated by the Method 1 contains higher amounts of organic iodides
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than HOI obtained from Method 2 under the same conditions.

(b) There were still some organic iodides present if HOI was generated by
Msthod 2 when demineralized water was used to prepare the I~ solution
in the generator and to fill the bubblers. This was probably due to
the presence of organic traces eluted from the IX resin.

(c) Partition Coefficient of HOI generated from solutions of Nal + NaOH in
distilled water was found to be in the range of 140-200 in more than
30 experiments. A PC = 180 can be recommended as the mean value for
HOI from these experiments.

2. Scrubbing of the Non-elemental Gaseous Forms of Iodine

The scrubbing efficiency of several solutions for CH3I and HOI was measured
using three bubblsrs in series. Bubblers 1 and 3 were filled with distilled
water and bubbler 2 contained 50 ml of the investigated solution.

Table 7 shows the typical ratio of 1 3 3I absorbed in each bubbler respectively.

TABLE 7

Experiment
Number

1

2
3

4

5

6

7
8

9

Chemical
Form

HOI

HOI
HOI

HOI

HOI

CH3I

CH3I
CH3I

CH3I

Scrubbing
Solution
in the

Bubbler 2

Distilled
water
5% AgNO,
2.5% Phenol
in 0.5 N
NaOH
Cation
exchange
resin ARC351
in H2O
ARC351 in
0.1 M H?SOn
Distilled
water
5% AgNO3

2.5% Phenol
in 0.5 N
NaOH
ARC351 in
0.1 M H2SOh

Distribution of 1 3 1I Absorbed in
3 Bubblers

Bl

70

60
35

42

35

38

3
37

36

B2

17

25
50

40

48

31

96.7
27

37

B3

13

15
15

18

J.7

31

0.3
36

27

Results of the experiment 2 indicates a lew affinity of HOI to AgNO3 while
CH3I can be absorbed very efficiently in this solution as indicated by
experiment 7.

The result of experiment 3 is in agreement with data published by V. Cofman
[20). He concluded from his experiments that HOI is solely responsible for
the iodination of phenols (refer to the following reaction):

3 HOI + 3 C5HSOH = 3 C 6HL,I.OH + 3H2O (16)
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Dissociation of the generated HOI to the cations H2OI (see reaction 11)
was confirmed by results of experiments No. 4 and 5.

Negligible CH3I absorption was measured in the phenol solution and in the
cation exchange resin under the same conditions.

5.5 Sutrmary

1. In the first few hours after a defective spent fuel bundle is received
in the spent fuel bay a highly volatile iodine species is formed in the
bay water. Our investigations shew that this is HOI.

2. Operational control of iodine volatility in the spent fuel bay is pro-
vided by the addition of hydrazine to the bay water in Ontario Hydro
nuclear power stations.

3. A laboratory method has been developed for generation of HOI which
appears to produce HOI reproducibly and with a minimum amount of
organic iodides.

4. The experimentally determined mean value of the water/air Partition
Coefficient of the generated HOI is 180 (for CH3I = 1.8).

5. The experimentally determined pH and I2 concentration effects on the HOI
yield are in agreement with theoretically derived reactions (see 4.3).

6. The scrubbing efficiencies of various solutions have been determined
for CH3I and HOI. These differ markedly for the two species.

7. Reactions of the generated HOI with an alkaline phenol solution and a
cation exchange resin are considered good proof of its identity.

8. The low absorption rate of gaseous HOI in the above solutions indicates
that it has a low chemical reactivity.

6.0 Testing of Solid Absorbers

There is little information available on the ability of some of the cannon
commercially available solid absorbers to remove BDI from an air stream. Six of
these were tested for HOI removal capability. The technical specifications of
these are given in Table 8. In addition two other potentially useful iodine
absorbers (Nos. 7 and 8) and a sample of Barnaby and Cheney 727 charcoal which
had been in use for two years continuously in the spent fuel bay at Pickering G.S.
were tested. Apart from this sample (No. 4) all other samples were fresh, unused,
and had been carefully stored in sealed glass containers. The three types of
Barnaby and Cheney charcoal (177, 727 and CU) had all been prepared from the same
batch of charcoal base.
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TABLE 8

Absorber
Number

1

2

3

4

5

6

7

8

Manufacturer

Barnaby and
Cheney

Barnaby and
Cheney

Barnaby and
Ch&ujy

Barnaby and
Cheney

Davidson
Chemical

Nuclear
Consulting
Services

A sample
from Mr.
J. Wilhelm
Karlsruhe

Sample from
Mr. J.
Keller
Idaho Falls

Absorber
Designation

B & Ch 177

B & Ch 727

B & Ch CO

B & Ch 727

Ag-X13

NUSORB
1514782

Ag-SA

4-Ip

Base
Material

Coconut
Charcoal

Coconut
Charcoal

Coconut
Charcoal

Coconut
Charcoal

Molecu-
lar
Sieve
X 13

Aluminum
Silica

Amorph.
Silicic
Acid

Alumina

Size

8 x 16
mesh

8 x 16
mesh

8 x 16
mesh

8 x 16
mesh

10 x 16
mesh

4 x 6
mesh

1 - 2
ran

30/60
mesh

Impregnant
Material

0

KXj

OEDA

KI3

Ag

Ag NO3

Ag NO3

4-icdo-
phenol

Weight

0

5%

5%

5*

60%

N.A.

10%

5%

6.1 Testing System and Procedure

1. Testing Apparatus

The apparatus used for absorber testing is illustrated in Figure 2 and
Figure 3. HOI was generated by Method 2, as described in 5.3.

He + HOI (at 1 ipm) frcm bubbler 3 was mixed with 19 £pm of air and
passed through a column Al filled with the absorber being tested. A
glass filter F3 removed particles released frcm this absorber and the air
sample was then heated in HI to 50"C in order to obtain the total absorp-
tion of iodine in the "back-up" absorber A2.

2. Air Supply

The laboratory air was supplied through the valve VI (V2 closed) when
the absorbers were tested at room humidity (50%).

Air for the high humidity tests was supplied from the humidifier (with VI



13th AEC AIR CLEANING CONFERENCE

closed) as described below:

Laboratory air was heated at the evaporator E inlet in order to get
thr required evaporation rate;

The excess water was condensed in a cascade of condensers Cj - C 6
which were maintained at room temperature;

M r , saturated to 100% RH frtxn C 6 outlet, was mixed with the
He + HDI stream and carried to the column Al.

3. The Arrangement of the Absorbers in the Testing Column Al

A column of 9 aluminum rings (Figure 4) with stainless screens at their
bottom was filled with the tested absorber. Depth of the rings in the
columns, used for our experiments, was as follows:

3 x 3.3 mm
4 x 6.5 mm
2 x 12.5 mm

Diameter of the rings = 44 inn.

The flow rate of 20 fcpm corresponds to a face velocity of 22 an/sec
through the tested absorber.

4. The Testing Procedure

(a) Conditioning of all tha absorbers being tested was done for 15
hours before absorption of HOI, in order to equilibriate the ab-
sorber moisture to the relative humidity at which it was tested.

(b) Bromine solution was added to the 1 3 1 i " solution in the generator
at 10 minute intervals for a total of 1 hour, in order to smooth
the HOI concentration in the gaseous sample.

(c) I 3 1I was measured separately in each component of the column, the
filter F3 and the cartridge A2.

(d) The above components were assembled again and only air was passed
through the system.

(e) The desorption rate of 1 3 1I from the tested absorber was measured
under the same experimental conditions as the HOI absorption was
made.

The following experimental conditions were applied during the absorber
testing:

Relative Humidity:- 55% RH + 5%

- 100% RH, no condensation of H 2O in the tested
absorber

- >100% RH, with an intentional slight condensa-
tion of HjO in the tested absorber

HOI Concentration:
- 10"1 yCi of 1 3 1I/m 3 of air (+ 30%) with the

exception of a few experiments, discussed later.
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Time of HOI absorption - 1 hour

Time of HOI desorption - 2 - 65 hours

6.2 Discussion of Results

The measured absorption efficiency and the approximate desorption rate values
for three different moisture levels in the absorbers are summarized in Tables 9,
10, 11 and Graphs 11, 12 and 13.

1. Efficiency for HOI Absorption

Graphs 11, 12 and 13 illustrate that all three types of charcoal have a
superior absorption efficiency for HOI as compared with the other types
of absorber under all of the applied humidity conditions. Tvro factors
affect their efficiency:

(a) Increased humidity, which reduces the HOI removal efficiency;

(b) Increased airborne HOI concentration significantly improves the
HOI absorption. This is illustrated by Graph 17 which will be
discussed in detail.

TABLE 9 (50% RH)

Absorber

No

1

2

3

5

6

7

8

Type

B&Ch
177

B&Ch
727

B&Ch
OJ

Ag-X13

NUSORB

Ag-SA

4-Ip

Desorpt.
Time

(hours)

0
55

0
63

0
55

0
25

0
25

0
25

0

Absorpt.
% in
0-10
nrn

93.5
93.0

98.8
92.6

98.9
96.0

94.1
94.0

57.0
55.3

75.6
75.2

37.0

Absorpt.
% in

10-30
mm

4.4
4.5

0.9
3.4

1.1
2.1

4.7
4.4

20.5
22.2

12.5
12.2

27.5

Absorpt.
% in

30-60
ircn

2.0
1.3

0.3
1.3

0
0.9

0.9
0.7

13.3
13.7

7.5
7.2

22.8

Penetrn.
%

Through
60 inn

0.1
1.2

0
2.7

0
1.0

0.3
0.9

8.7
8.8

4.4
5.4

12.7

Rate of Desorpt..
%

Per Hour

0.02

0.04

0.018

0.024

0.004

0.04

131

A concentration of 0.1 pCi/m3 of HO I was used for all measurements
shown in Graphs 11 and 12 with the exception of absorber 2 in Graph 12
and all absorbers in Graph 13 for which 0.5 yCi/m3 was used. This
results in Graph 12 showing a higher efficiency for absorber 2 than
absorber 3. Graph 13 also indicated a higher efficiency of the char-
coals to HOI when they are wetted (with condensed H2O), compared with •
the efficiency of identical absorbers which were equilibrated .to 100% RH
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but tested with lower concentration of HDI.

Absorber 5 (Ag-X13) absorbs HOI efficiently at 50% RH but its efficiency
is drastically reduced under high humidity conditions.

Absorber 8 {4-Iodophenol) which was tested for purposes of HOI sampling
will be discussed with reference to Graph 18.

TABI£ 10 (100% RH)

Absorber
No.

1

2

3

5

6

7

Desorpt.
Time
(hours)

0
60
0
60
0
57
0
15
0
40
0
65

Absorpt.
% in
0-10
mm

83.4
72.0
93.1
81.5
91.2
81.8
51.0
49.8
25.6
24.6
78.7
51.2

Absorpt.
% in
10-30
nrn

6.3
13.5 _j
5.4
13.1
4.6
6.7
28.5
29.3
16.4
14.9
10.0
20.4

Absorpt.
% in
30-60
ran

7.2
7.9
1.0
2.3
3.5
7.8
13.9
13.7
19.0
20.5
6.3
14.1

Penetrn.
%

Through
60 itm

3.1
6.7
0.5
3.1
0.6
3.7
6.6
7.2
39.0
40.0
5.0
14.3

Rate of
Dssorpt.

%
Per hour

0.06

0.043

0.05

0.04

0.O25

0.14

TABLE 11 (Condensation)

Absorber
No.

1

2

3

5

6

7

Desorpt.
Time
(hours)

0
17
0
17
0
17
90
0
17
0
17
0
17

Absorpt.
% in
0-10
mm

96.6
90.0
93.0
91.8
98.0
93.2
82.7
35.1
32.7
39.3
29.5
54.8
52.9

Absorpt.
% in
10-30
nun

2.2
5.7
5.1
6.0
1.8
6.1
15.5
12.7
13.8
5.2
7.3
10.1
8.9

Absorpt.
% in
30-60
mm

1.2
2.6
1.6
1.4
0.2
0.4
1.4
9.0
10.1
5.8
6.5
8.0
6.8

Penetrn
%

Through
60 run

0
1.7
0.3
0.8
0
0.3
0.4
43.2
43.4
49.7
56.7
27.1
31.4

Rate of
Desorpt.

%
Per Hour

0.1

0.03

0.02

0.012

0.4

0.25

2. HOI Desorption with Air at Room Temperature

Desorption rates of 131I were measured from the tested absorbers. The
same desorption time could not be applied for all measurements, there-
fore the 1^1I which penetrated a 60 mm depth of absorber was expressed
in Tables 9, 10 and 11 as "% desorption /hour". These approximate des-
orption rate values show that desorption of iodine from charcoals and
Ag-X13 increases slightly with a humidity of the passing air. Iodine
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desorption from absorbers 6 and 7, which are impregnated with Ag N0 3, is
significantly increased under high humidity conditions (see Graphs 15
and 16). It was determined frcrc measurements of ths filter P3 that there
was no significant release of iodine in particulate form from the tested
absorber during the desorption time.

3. Absorption Efficiency of Used KI3 Charcoal

A sample of Barnaby and Cheney typs 727 charcoal was taken from the
spent fuel bay ventilation filter for comparison of its HOI renoval
efficiency with fresh charcoal of the sane type. The used charcoal had
been installed in a 2 inch deep bed which operated continuously for 2
years under variable room temperatures and humidity conditions with an
air face velocity of 45 cm/sec. Graph 14 shows that this charcoal is
much less efficient than the fresh charcoal for HOI removal at 50% RH.
It is also obvious from this graph that this charcoal is iiot satis-
factory under high humidity conditions.

4. Dependence of Absorption Efficiency on BOI Concentration

As was discussed above, a distinct change of the absorption efficiency
with HOI concentration was observed (see Graphs 12 and 13). Therefore a
specific test was made with Barnaby and Cheney type CU and 727 charcoals
at 60% EH. Graph 17 confirms a strong concentration dependence as ex-
pected. This effect requires more detailed investigation.

5. Selective Absorption of HOI

Absorbers 7 and 8 were tested for CH3I and HOI removal efficiency at 60%
RH. Results of these tests are given in Graph 18 and were as expected:

(a) Absorber 7 (Ag N0 3 impregnated silicic acid) is a very good
absorber for CH3I but it has much lower efficiency for HOI absorp-
tion.

(b) The adsorption efficiency of the absorber 8 (4-Iodophenol on
Alumina) for HOI is relatively low under the applied experimental
conditions but it does not absorb any CH3I. This experiment dem-
onstrated the suitability of this absorber for use in selective HOI
sampling (as reported in publication [21]). This absorber was also
used to confirm the identity of HOI generated for our experiments.

6.3 Summary on the Absorption Experiments

The results of the absorption measurements can be summarized as follows:

1. The efficiency of fresh charcoals for HOI absorption is good at 50% RH
with low desorption rates.

2. These charcoals have retained an acceptable absorption efficiency for
HOI at 100% RH with slightly increased desorption rates.

3. Of the tested charcoals the TEDA impregnated type was the best. Effic-
iency of the KI3 impregnated charcoal was slightly lower under the
applied experimental conditions.

4. Absorption efficiency of KI3 impregnated charcoal, removed from a filter
which had been in use for 2 years was found to be at unacceptable level
under conditions of 100% RH.
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5. The non-charcoal absorbers 5,6 and 7 are not as efficient for HOI
removal as charcoals, particularly at high humidity.

6. 4-Icdophenol was shown to be a good selective absorber for HOI sampling
at low sampling flow rate.

7. The esqperiments show that the absorption efficiency of the tested char-
coals depends on the airborne HOI concentration. This is in agreement
with the proposal (discussed in the Introductory part of this paper)
that iodine concentrations and chemical forms used for filter testing
should be similar to the concentrations and chemical forms occurring at
filter inlet.

7.0 Discussion of Mechanism of HOI Absorption

Three processes are postulated to be involved in HOI absorption:

1. Physical adsorption
2. Chemisorption
3. Decomposition of HOI.

Physical adsorption is logically the primary process which significantly increases
the effective residential tima of HOI in the charcoal and gives a sufficient time
to HOI to react chemically with an impregnant or to deconpose itself. The results
presented are not conclusive in terms of chemisorption and HOI decomposition.
The results suggest that silver iirpregnated zeolite is more efficient than Ag N03

impregnated inorganic adsorbers and TEDA is a slightly more efficient ijnpregnant
than KI3 for HOI chemisorption. The absorption characteristics of 4-Icdophenol
indicate a purely chemisorption process by a relatively slow reaction (this is
similar to the reaction of HOI with an alkaline Phenol solution).

HOI decomposition in charcoals is probably the basic process which is involved
in its retention in charcoals. Decomposition is probably accelerated by:

1. catalytic effect of the charcoal surface
2. drying effect of the charcoal
3. alkaline products in charcoal

One of the decomposition products - (I~) can be oxidized by air. This could cause
a chromatographic movement of iodine similar to a physical desorption.

The suggested mechanism is only one of many other possible processes which
can be involved in HOI absorption. Only a thorough theoretical and experimental
study of this problem can lead to realistic conclusions.

8.0 Practical Application in Ontario Hydro

The foregoing studies on HOI generation and absorption have resulted in a
technical evaluation of ccimercially available absorbers for airborne HOI. It is
evident from the results that silver impregnated absorbers which have a high
efficiency for CH3I are much less efficient for HOI removal.

It is known that absorption efficiency of impregnated charcoal for CH3I is
good and we have shown that HOI retention is good at 50% RH for long term use.

The price of silver impregnated absorbers is such that their use is limited
to those cases where specific operating conditions demand the characteristics
displayed by the silver impregnated absorbers. The obvious absorber choice for
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our station use is therefore an impregnated charcoal.

The results obtained will influence the design of filter systems for CfiNDU
power stations. It is recarmended that the filter systems contain a facility
for preheating of the effluent air before it enters the charcoal filters. A
temperature rise from - 20°C to 35°C will ensure that the relative humidity
will not exceed 50% at the filter inlet.

The information obtained on absorbers and the capability of generating HOI
reproducibly will assist in the establishment of a realistic and rational test
program for ventilation filters used for iodine removal.
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Figure 3

Figure 4
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Graphs 1-9: Equilibrium ratios of iodine species in aqueous solutions
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