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IODINE SCRUBBING FROM OFF-GAS WITH CONCENTRATED NITRIC ACID*
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Abstract

A new process, named Iodox, for effectively scrubbing all iodine forms from
off-gas streams with concentrated (~ 20 M) nitric acid has been developed. This
process removes all significant iodine species, both elemental and organic, from
a gas stream by oxidizing them to the nonvolatile iodate form.

Advantages of the Iodox system for removing iodine from nuclear fuel reprocess-
ing plant off-gas include:

1. It is capable of removing kilogram quantities of iodine while delivering
a concentrated iodine waste stream for permanent disposal.

2. It is relatively insensitive to the contaminants normally found in a
reprocessing plant off-gas stream and effectively removes all significant
iodine forms.

3. Nitric acid is used in the process; thus no significant chemicals are
introduced to the plant process or waste handling systems.

Laboratory-scale studies indicate that iodine retention factors in excess of
10^ for methyl iodide can be obtained in a multistaged bubble-cap column. A small
engineering-scale demonstration of the complete process, including the iodine
scrubbing column, iodine waste concentration and solid I2O5 handling, and acid
reconstitution and recycle, is in progress. The flowsheet being used for the
engineering-scale system demonstration is typical of an application of the Iodox
process to a fuel reprocessing plant.
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I. Introduction

Iodine is present in spent nuclear power reactor fuels to the extent of about
350 g per ton of uranium. The 13ll activity may vary from 1. 5 Ci/ton for conven-
tional reactor fuel, decayed 180 days, to 1,3 x 105 Ci/ton for short-cooled Liquid
Metal Fast Breeder Reactor (LMFBR) fuel. Iodine-129 is present to the extent of only
0. Ok Ci/ton; however, because of its very long half-life (1.6 x 107 years), it must
be removed from plant effluent streams in a form suitab." e for permanent storage.

* Research sponsored by the U. S. Atomic Energy Commission under contract with the
Union Carbide Corporation.
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The control and removal of iodine was one of the major problems to be solved
in developing fuel reprocessing capability for the LMFBR program. An incentive
exists to reduce the preprocessing decay time for IMFBR fuel, both to reduce the
inventory charges on the valuable plutonium content of the stored fuel and to
minimize the fuel cycle inventory and thus shorten the reactor cycle doubling time
for plutonium. This incentive to reduce decay times, coupled with the trend toward
minimizing the release of all noxious effluents to the environment, has necessi-
tated the development of highly efficient removal systems for iodine as well as
other fission products. The development of a liquid scrubber system for removal of
iodine using hyperazeotropic nitric acid in the range of 20 M (called Iodox) is
among the accomplishments of this development program. This paper summarizes the
status, potential applications, and problems associated with the Iodox system.

II. Flowsheet Application

The overall concept of a high-integrity effluent control system for an IMFBR
fuel reprocessing plant handling 5 metric tons of fuel per day is illustrated in
Figure 1. This flowsheet uses the Iodox scrubbing system for primary iodine re-
moval from dissolver off-gas and for secondary iodine removal from vessel off-gas.
Silver zeolite beds remove the final traces of iodine from the plant effluent gas
prior to its discharge into the environment. A major fraction of the iodine (95 to
99$) present in the incoming fuel is evolved in the dissolution and feed preparation
step and reports to the primary iodine removal system. The Iodox system is used
here to remove approximately 2 kg of iodine per day with a decontamination factor
(DF) of io5. The iodine that is not evolved from the dissolver solution passes
into the downstream equipment, from which it eventually finds its way into the
secondary Iodox system via the vessel off-gas. The mass of iodine reaching the
secondary system is in the range of 20 to 100 g/day, but a large fraction of this
total is made up of organic iodine species formed by contact with process organics.
The Iodox system is particularly applicable for both the primary and secondary
removal steps because of its capability for removing kilogram quantities of iodine
while delivering a highly concentrated iodine waste stream for permanent disposal,
and because of its high efficiency for removing organic as well as elemental
species. The containment concept illustrated in Figure 1 is for a short-decay
LMFBR fuel reprocessing plant where iodine retention factors approaching 109 may be
needed, and includes a "sealed" process cell concept with very low air inleakage
and internal recycle of process air and liquids. Application of the Iodox system
to the removal of iodine from the off-gas of a conventional nuclear fuel reprocess-
ing plant would be quite similar, with one or more Iodox scrubbers removing iodine
from the vessel and the dissolver off-gas streams prior to their discharge to the
environment.

III. Chemistry of the lodox System

The efficiency with which iodine is scrubbed from off-gas streams with hyper-
azeotropic nitric acid is dependent on the oxidizing power of the concentrated
nitric acid which converts the volatile iodine species to the nonvolatile HI3O8
form. Results of laboratory studies of the kinetics and equilibria involved in
these reactions and some physical property data of the process solutions are
summarized here.

Oxidation of organic iodides, represented in this case by methyl iodide,
proceeds first by the destruction of the organic iodide as shown by equation (l),
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Figure 1. Off-gas flowsheet for 5-metric-ton/day IMFBR fuel
reprocessing plant.
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followed by the oxidation of the resulting elemental iodine as described below:

CK3I + 3/2 HNO3 -» CH3WO3 + 1/2 I 2 + 1/2 HgO + 1/2 HN02 . (1)

The oxidation of methyl iodide occurs in the liquid phase of the scrubber, and
the reaction rate constant (k.5) varies as the 32.5 power of the nitric acid con-
centration, as shown in Figure 2^). Because of the strong dependence of reaction
rate on acid concentration, concentrations above 19 M are required for effective
removal of methyl iodide.

Kinetic and equilibrium studies' ''i Of the oxidation of elemental iodine
indicate a two-step oxidation process fitting the relations given in equations
(2) and (3):

12 + 4HNO3 * 2I+ + 2NO3" + NgOij. + 2H2O , (2)

2I+ + 6HNO3 + 2WO3" a 2IO3" + 2H+ + ifNgOî  + 2Hg0 . (3)

Reaction (2) proceeds rapidly to produce a nonvolatile I*" species, which is then
slowly oxidized to HI3O8. Reaction rate constants for reactions (2) and (3) are
shown in Figure 3 as kj_ and k^, respectively. Equilibrium constants for reactions
(2) and (3) have been determined at 25°C and are defined as:

2

*2A » ^V2 = 9.7 x lO- 1 6 (10

and

c io " cw2o, ^ V o l 6
^ Z - 1 S_ = 2 . 8 x l 0 . (5)

C I + 3 ^

The presence of dissolved N2OI4. or N0 2 tends to reverse the reactions given by
equations (2) and (3) and thus reduces the removal efficiency of the scrubber.
Also, the buildup of dissolved N20l̂  in the iodine storage tanks will cause re-
volatilization of removed iodine.

Solubility of the HI3OQ in nitric acid sets limitations on the minimum liquid
flow through the gas-liquid scrubbing column, as well as the extent to which the
iodine waste stream can be concentrated for interim storage. The solubility of
HI3O8 has been determined experimentally over the temperature range 25 to 100°C
and the HNO3 concentration range 12 to 20 M. The experimental data fit empirical
equation (6) to within ±10$:

In S(g HI3O8 per liter) = 13.28 - OA515 C ^ (M) - II70/T (°K). (6)

The solubility of HI3O8 in nitric acid at 25 and 100°C is plotted in Figure k.
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Figure 2. Reaction rate constant for CH3I oxidation by nitric acid.
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Figure 3. Reaction rate constants for I2 oxidation by HNO3.
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Figure h. Solubility of HI3OQ in nitric acid.
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IV. Engineering Development

Over the past two years, studies have been carried out in small bubble-cap
columns to optimize the operating parameters of the lodox scrub column. Some of
the more significant data are summarized here; in addition, a flowsheet for a
complete lodox system demonstration, which is in progress, is described.

Scoping experiments for the Iodox system were carried out in a 1-in.-diam,
six-stage, bubble-cap column using -L31i-traced elemental or methyl iodide in the
feed gas. Parameters investigated included the effects of acid concentration,
temperature, gas and liquid flow rates, and iodine species on iodine decontamina-
tion factor (DF). The effect of nitric acid concentration on the stage DF for both
elemental iodine and methyl iodide is summarized in Figure 5- As predicted from
equilibrium and kinetic data, the DF for each of these iodine forms increases
rapidly with increasing acid concentration, and acid concentrations above 19 M are
needed for effective removal of iodine. Temperature has little effect on the
elemental iodine DF over the range 25 to 75°C; however, a significant decrease in
DF is observed at temperatures approaching 100°C. At acid concentrations above
18 M, methyl iodide DFs improve significantly as the temperature is reduced from
75 to 25°C. Figure 6 illustrates the effect of gas flow rate on elemental and
methyl iodide stage DFs for 18 M acid in the 1-in. -diam column. Similar relation-
ships hold for higher acid concentrations. Gas flow rates of 150 to 200 lb/hr • ft
and acid concentrations of 19 to 21 M appear to constitute the practical operating
range.

Two 3-in.-diam columns' '-^ were tested to check the performance of the Iodox
column on a larger scale. One column consisted of two plates with three metal
bubble caps per plate and a l-l/2-in. submergence. The second column had seven
plates with a single glass bubble cap per plate and a 1-l/d-in. submergence.
Performance data for both of these columns with 20 M HNO3 at a gas flow rate of
150 to 200 lb/hr • ft2 agreed with data from the 1-in. column, with CH3I DFs in the
range of 3 to k per stage. At low gas rates (50 lb/hr • ft^) the two columns gave
significantly different results, probably reflecting differences in gas-liquid
contact efficiency at low flow rates. The experience to date indicates that stage
DFs in the range of 3 to h for CH3I and 6 to 7 for elemental iodine can be ex-
pected when operating a bubble-cap column at gas rates of 150 to 200 lb/hr • ft^
with 20 M nitric acid on the plates.

In order to demonstrate the complete Iodox system on a small engineering scale,
the equipment shown in flowsheet form in Figure 7 has been fabricated from
zirconium and glass and is about ready for operation. Except for scale, this
equipment is typical of an lodox system applicable to a large fuel reprocessing
plant. The Iodox scrubbing column is 3 in. in diameter with six bubble-cap plates
located below and three above the 22 M acid addition point. The three top plates
serve to recover acid and to reduce the acid content of the off-gas by scrubbing
with a small water flow added to the top plate. The acid concentration below the
feed plate will range from 20 to 21 },[. The concentrated acid feed rate is set by
the larger value determined by the iodine solubility on the bottom plate (~1 g/
liter) or by dilution of acid by the water content of the feed gas. Typical acid
addition rates are 1 to 2 liters of 22 M acid per minute pe\r 100 scfm of feed gas.
The raffinate from the bottom of the Iodox column is concentratad to about 10 g/
liter in the iodine concentrator. The vapor from the concentrator, decontaminated
from iodine by more than a factor of 1000, is routed to the acid concentration
tower; the iodine concentrate is pumped to an iodine waste solidification can,
where it is evaporated to dryness as HI3O3. After the 131i has been allowed to
decay, the iodine solids containing the 129l can be sent to a waste repository



13th AEC AIR CLEANING CONFERENCE

ORNL DWG 74-6336

10

9

6

7

£ 5u
if
O 4

z
o
o
UJ
Q

U)

en J „„„
FOR DATA POINTS

15 16 17 18 19 20
H N 0 3 C O N C E N T R A T I O N { M )

21

Figure 5. Effect of HNO3 concentration on 1^ and CH3I stage decon-
tamination factors in 1-in. -diam bubble-cap column at a 140 lb/hr • ft2

gas rate.
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Figvire J. Flowsheet for Iodox system demonstration.
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for permanent disposal. Vapor from the iodine concentrator is reconcentrated to
22 .1/ in an extractive distillation column using magnesium nitrate as a dehydrating
agent. The diluted acid (18 to 19 M) is mixed with 75 wt % magnesium nitrate and
fed to the distillation column. The upper section of the column serves to concen-
trate the acid to 92 M, while the lower section strips acid from the diluted
magnesium nitrate. Excess water, picked up in the column by the magnesium nitrate,
is evaporated in the magnesium nitrate concentrator, and the magnesium nitrate
concentrate is recycled to the column. This a,id concentration system is in common
use in nitric acid manufacturing plants. The behavior of iodine in the system
needs to be determined; also, other possible interface problems unique to the Iodox
system need to be investigated and resolved. The overall Iodox flowsheet illus-
trated in Figure 7 will be used to further define operating parameters of the lodox
column and to demonstrate the long-term run capability of the entire Iodox system.

V. Conclusions

The Iodox system for scrubbing iodine species from nuclear fuel reprocessing
plant off-gas streams has been developed to the point where an engineering-scale
system could be designed for removing the kilogram quantities expected to be
present in typical off-gas systems. Further studies are in progress to optimize
column operating parameters and to demonstrate acid reconcentration and iodine
solidification and disposal techniques. Materials of construction which can safely
accommodate the combination of concentrated nitric acid and various iodine forms
include zirconium, titanium, and tantalum. Zirconium appears to be the best choice
when corrosion resistance, cost, and fabrication are considered.
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