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OPENING REMARKS OF SESSION CHAIRMAN:

Reprocessing Offgas Cleaning is the title of this session. I

do not want to say too much about its importance because on one hand
there is a lot of research work going on, but on the other hand I miss
the plants which will use the results of the research work. Moreover,
the need for offgas cleaning inside reprocessing plants is well known.
The reprocessing plant is the place where all volatile isotopes are
released from the fuel, mainly with the offgas of the dissolver. This
may be known by everybody here in the audience, and so I would like to
get on with the papers.
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TRIBUTYL PHOSPHATE REMOVAL FROM REPROCESSING
OFF-GAS STREAMS USING A SELECTED SORBENT

G. B. Parker
Pacific Northwest Laboratory
Richland, Washington*

Abstract

Laboratory experiments have been conducted to determine the
effectiveness of inorganic sorbent materials to remove tributyl
phosphate (CyHq9O3) PO, (TBP) vapors from fuel reprocessing off-gas
streams. These experiments used small laboratory-scale columns
packed with selected sorbent materials to remove TBP and iodine at
conditions approaching those in actual reprocessing off-gas streams.
The sorbent materials for TBP removal were placed upstream of iodine
sorbent materials to protect the iodine sorbent from the deleterious
effects of TBP. Methyl iodide in an airstream containing 30% TBP in
normal paraffin hydrocarbons (NPH) and water vapor was metered to
two packed columns of sorbents simultaneously (in parallel). One
column contained a segment of 8-in. x 1l4-in. mesh alumina sorbent
for TBP removal, the other did not. The measure of the effective-
ness of TBP sorbent materials for TBP removal was determined by
comparing the iodine retention of the iodine sorbent materials in
the two parallel columns.

Experiments using a 18 wt% Ag substituted mordinite iodine
sorbent were conducted. Results indicated that the iodine retention
capacity of the sorbent was reduced 60% by the TBP and that the
column containing iodine sorbent material protected by the alumina
TBP sorbent retained 30 times more iodine than the column without
TBP sorbent. TBP concentration was up to 500 mg/m3. Similar experi-
ments using a 7 wt% Ag impregnated silica gel indicated that the TBP
vapor had little effect on the iodine retention of the silica gel
material. The stoichiometric maximum amount of iodine was retained
by the silica gel material.

Further experiments were conducted assessing the effects of
NO, on iodine retention of this 7 wt% Ag sorbent. After the two
columns were loaded with iodine in the presence of TBP (in NPH), one
column was subjected to 2 vol% NO, in air. From visual comparison
of the two columns, it appeared that the NO, regenerated the silica
gel iodine sorbent and that iodine was washed off the silica gel
iodine sorbent leaving the sorbent in the original state.

I. Introduction

Tributyl phosphate (CyHg0)3 PO, (TBP) diluted with dodecane
(or normal paraffin hydrocarbon, NPH) is the solvent extractant
commonly used in the PUREX process to separate uranium and plutonium

* Pacific Northwest Laboratory is operated by Battelle Memorial
Institute for the U.S. Department of Energy under contract

DE-AC06-76RLO-1830.
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from fission products in spent light water reactor (LWR) fuel during
the dissolution process. When recycled acid is used in the disso-
lution process, small amounts of NPH and TBP vapor are released to
the off-gas streams, both from the dissolver and the vessel vent.
These gas streams contain other airborne fission products released
during the reprocessing steps. These airborne fission products need
to be removed. TIodine and organic iodides are major radioactive
constituents of these airborne products.

Current proposed treatment methods for iodine removal involve
the use of silver-loaded inorganic sorbents. European laboratory
and pilot-plant studies have shown that the presence of TBP vapor in
these gas streams reduce the capacity of the silver Beds to remove
iodine resulting in more frequent replacement of the silver beds. (1)
Studies at the Karlsruhe Reprocessing Pilot Plant (WAK) have shown
that airborne TBP in concentrations of approximately 6 mg/% signifi-
cantly reduced the iodine sorption capacity of AC6120 material.
Removal efficiency of AC6120, however, could be restored by intro-
ducing NO, into the air stream. Dodecane was found to have no
deleterious effects.

Very little work has been done in the United States on the
problems associated with the TBP contamination of the silver beds.
Previous work was reported at the 15th DOE Nuclear Air Cleaning
Conference. (2) This work reported on the screening experiments to
select candidate sorbents for TBP removal. Continued work in this
area involved demonstrating the effectiveness of the TBP sorbents in
a simulated off-gas stream. The investigation into air-cleaning
processes to remove TBP vapors from fuel reprocessing off-gas streams
is described more fully in PNL-2080-18. (3)

This paper focuses on the experiments using a selected solid
sorbent to remove TBP upstream of commercial sorbents used to remove
iodine from off-gas streams. It also describes the results of an
experiment to assess the effects of NO, on iodine retention of
silver sorbent, which was first loaded with iodine in the presence
of TBP.

II. Experiments and Results

A bench-scale demonstration unit was constructed to evaluate
the effectiveness of the selected sorbent to remove TBP under con-
ditions approaching those in actual reprocessing off-gas streams
(see Figure 1l). During experimentation, dry-cylinder air was fed to
two, jacketed, gas-washing bottles maintained at 50°C. The constant
temperature was maintained by water circulated around the reservoirs
of the bottles. The bottles each contained a mixture of water plus
30% TBP in NPH. The stainless-steel lines leaving the bottles were
heated to 100°C. Methyl iodide vapor in N, was fed to the air
stream by a Matheson mass-flow controller, and the entire stream was
metered to two columns through Matheson rotameters. The two columns
were 2.5 cm in diameter and made of stainless steel. One segmented
column was packed with a commercially available iodine sorbent, the
other column with two sections of the selected TBP sorbent material
followed by two or three segments of the same iodine sorbent as in
the other column. The column segments were held together by gaskets
and snap joint couplings (see Figure 2 for an example of a column
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segment) . The entire column assemblies were placed in an oven and
maintained at 130 to 135°C for all experiments.
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Figure 1. Diagram of apparatus for loading

iodine onto selected sorbents.

During an experiment, the breakthrough of methyl iodide,
measured by electron capture gas chromatography, was followed in
each column segment throughout both columns. Methyl iodide analysis
was performed by periodically sampling the feed streams to the
columns and downstream of each packed bed segment with a gas-tight
syringe through septum sealed sampling ports. The effectiveness of
the TBP sorbent materials for TBP removal was determined by measuring
the iodine retention of iodine sorbent material. Provisions were
made to feed other vapors or gases into the main feed stream.

Evaluation of TBP Sorbent A

An experiment was conducted using the bench-scale demonstra-
tion unit to evaluate TBP sorbent A as a sorbent to remove TBP and
protect the iodine sorbent beds. Sorbent A is an 8 x 14 mesh granular
activated alumina that showed the highest TBP retention of any
material examined.

In this experiment, Column I contained two 5-cm segments of
material A followed by three 5-cm segments of a commercially avail-
able 18 wt% Ag substituted mordenite iodine sorbent. Column II
contained four 5-cm segments of the 18% Ag mordenite sorbent. The
columns were conditioned with air at 2% relatively humidity for
20 hr followed by 1 hr of conditioning with air plus TBP/NPH vapor
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prior to metering methyl iodide into the air stream. During the
experiment, average airflow was 2 %/min, and average methyl iodide
concentration was 160 mg/m3. TBP vapor concentration was about
500 mg/m3.

GASKET ~

S SNAP-JOINT COUPLING

Figure 2. Typical stainless-steel column segment
for retaining sorbent materials.

During the experiment, the breakthrough progression of methyl
iodide was followed through each segment of the iodine sorbent.
This breakthrough is represented as a graph of C/Co versus grams
methyl iodide metered, where C = concentration of methyl iodide
leaving a 5-cm column segment of sorbent and Cp = concentration of
methyl iodide in the feed stream to the column.

Total methyl iodide metered to Column I was 6.75 g and to
Column II 6.11 g. Figure 3 is the breakthrough for sections A, B,
C, and D of Column I. Figure 4 is the breakthrough curve for
sections A and C of Column II, and Figure 5 is the breakthrough
curve for sections B and D of Column II.

To determine the effectiveness of material A to protect the
silver mordenite, a comparison of breakthrough curves was made
between section C in Column I and section A in Column II and between
section D in Column I and section B in Column II. Table I summarizes
the breakthrough data.
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The iodine retention at a 1% breakthrough in 10 cm of Column I
(sections C and D) was 30 times greater than the iodine retention in
10 cm of Column II (sections A and B). Material A protected the
sorbent increasing the iodine retention. The iodine retention of
the material was also significantly less than theoretical. The
breakthrough for the unprotected Column I, extrapolated to C/Co = 100%,
was V0.7 g, which is 60% of the theoretical maximum.

It should also be noted that a small amount of iodine was
retained by the TBP sorbent in sections A and B of Column I. This
was unexpected and is assumed to be adsorption of the iodine onto
the TBP sorbent material. This same phenomenon was noted in other
experiments.

A second experiment was completed to evaluate material A as a
sorbent to remove TBP and protect iodine sorbent beds. Two 2.5-cm dia
stainless-steel columns were prepared. Column I contained five
5-cm segments of a 7% Ag impregnated silica gel iodine sorbent, and
Column II contained two 5-cm segments of material A followed by
three 5-cm segments of the 7% Ag impregnated silica gel iodine
sorbent. The columns were preconditioned with air at 2% relative
humidity for 20 hr, and air and TBP/NPH vapor for 1.5 hr prior to
metering methyl iodide. Conditions for this experiment were air
flowing at 1.9 %2/min to each column and average methyl iodide con-
centration of 160 mg/m3. TBP concentration was about 10 mg/m3.

At the end of the experiment 8.5 g of methyl iodide had been
metered to each column. The breakthrough curves for Column I are
given in Figure 6 and Column II are given in Figure 7.

To determine the effectiveness of the TBP sorbent {(material A)
to protect the iodine sorbent, a comparison of breakthrough curves
was made between section A in Column I and section C in Column II,
between section B in Column I and section D in Column II and between
section € in Column I and section E in Column II. Table II summa-
rizes the breakthrough data.

The iodine retention of the iodine sorbent in sections A and B
of Column I and sections C and D of Column II was nearly the same.
This indicated that material A contained in sections A and B of
Column II had little effect on the iodine retention of the iodine
sorbent located downstream. More importantly, however, the data
also indicated that iodine retention was near the stoichiometric
maximum (within the uncertainty) and therefore the presence of the
generated airborne TBP concentration of 10 mg/m3 did not have a
deleterious effect on the iodine sorbent.

Effect of NO, on Iodine Sorbent

The final experiment was altered slightly from the previous
studies using the bench-scale demonstration unit. In this experi-
ment, the effects of NO, on iodine retention were assessed. No
protective sorbent for TBP removal was used in this experiment. The
protective sorbent was to be included in future studies using NO, in
the feed stream; however, the project was terminated before addi-
tional experiments were started.
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Figure 3. Breakthrough history for methyl
iodide loading onto Column I.
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Figure 4. Breakthrough history for methyl iodide loading onto

18 wt% Ag substituted mordenite, Column II, sections A
and C.
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Figure 5. Breakthrough history for methyl iodide loading onto
18 wt¢ Ag substituted mordenite, Column II, sections B
and D.

Table I. Iodine retention of 18% Ag substituted
mordenite iodine sorbent.

Calculations From Theoretical
Measured % CH3I Breakthrough Curves* Maximum#* *
Sample Breakthrough (C/C.x100) gl/g Ag gl/g Ag
Column I
Section A 90 (1.3) 7
Section B 82 (1.25) 7
Section C 55 0.4 : 1.2
Section D 7 0.2
Section E None <0.1
Column IT
Section A 65 0.4 1.2
Section B 60 0.2
Section C 45 0.2
Section D 30 0.1

* Calculated iodine retention at 1% breakthrough in two sections of
silver sorbent (from raw data) with uncertainty +25% at a 95% confidence
level: Column I (protection) 4.4 g, Column II (no protection) 0.14 g.
** Based on reaction Ag+I=AgI.
Tt Grams of Iodine.
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Figure 7. Breakthrough history for methyl
iodide loading onto Column II.
Table II. Iodine retention of 7% Ag impregnated iodine sorbent.
Calculated CH3I Retention
Measured % CH3I From Breakthrough Curves* Theoretical Maximum**

Sample Breakthrough (C/Co x 100) gIl/g Agt gl/g Ag

Column I 1.2
Section A 100 1.5
Section B 98 1.4
Section C 83 1.3
Section D 7 0.9

Column II 1.2
Section A 100 (material H) (<0.3)%
Section B 100 (material H) (<0.5)
Section C 100 1.5
Section D 95 0.97
Section E 76 0.77

* Uncertainty is +25% at the 95% confidence level.
** Based on the reaction Ag + I = AgI.

+ Based on 7 wt% Ag.
; Grams of iodine.

Two stainless-steel columns were prepared. Both columns con-
tained 5 cm of 7 wt% Ag silica gel iodine sorbent in five segments.
The columns were placed in the oven and preconditioned for 24 hr
with air at 2% relative humidity and with TBP/NPH vapor for 1 hr
The columns were kept at 130° to

prior to metering methyl iodide.
135°C throughout the experiment.




16th DOE NUCLEAR AIR CLEANING CONFERENCE

Methyl iodide was metered along with TBP/NPH vapor-laden air
flowing at 1.95 2/min until a total of 6.66 g was loaded onto each
column. The approximate methyl iodide concentration was 200 mg/m3,
and the approximate TBP vapor concentration was 500 mg/m3.

Breakthrough curves for each column were constructed from the
data. Figure 8 is the breakthrough for Column I and Figure 9 is the
breakthrough curve for Column II. Iodine retention calculations are
given in Table III. As in a previous experiment, the TBP had no
effect on the total loading of iodine on the 7% Ag silica gel sor-
bent even though the TBP vapor concentration was increased from
10 mg/m3 to 500 mg/m3. Calculated loading was greater than the
stoichiometric maximum in both columns.

1.00
0.90 |
COLUMN I s
0.80 |
0.70 |
0.60
o SECTION A
(&)
S 050 |
0.40 - SECTION B
0.30 +
0.20 |
0.10 |
SECTION C
0 | |
0 1.0 2.0 3.0 4.0 5.0 6.0
TOTAL GRAMS METHYL 10D 1DE METERED TO COLUMN
Figure 8. Breakthrough history for methyl iodide loading onto

7 wt% Ag impregnated silica gel sorbent, Column I.

The material from Column I was removed, examined and photo-
graphed to note the changes that occurred. The original material
was white and beaded. At the end of the iodine loading, the material
in the first two 5-cm sections of Column I was a light yellow mixed
with a few black beads; the third 5-cm section was about an equal
mixture of yellow and grey-black beads; the last two sections were
entirely black. This was expected since the first two sections were
saturated with iodine and yellow is a characteristic color of AgI.
The middle section was only partially loaded with iodine, confirmed
by the mix of yellow- and black-colored beads. The last two sections
had not "seen" any iodine and were black. The black color is a
characteristic of silver oxide formed by reaction of the sorbent
with the air or TBP/NPH vapor. The material in all segments was
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free-flowing and no organic residue could be visually detected,
although the odor of TBP was noticeable in all segments.
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Figure 9. Breakthrough history for methyl iodide loading onto
7 wt% Ag impregnated silica gel sorbent, Column II.
Table III. Iodine retention of 7% Ag iodine
sorbent prior to introducing NO,.
Calculated CH3I Retention Theoretical
Measured % CHj3I From Breakthrough Curves* Maximum®* *
Sample Breakthrough (C/Co x 100) g91/g Ag gl/g Ag
Column I 1.2
Section A 100 1.8
Section B 100 1.8
Section C 0.7
Section D _—
Section E _—
Column II 1.2
Section A 100 1.8
Section B 100 1.8
Section C 1.2
Section D 0 -
Section E 0 —

* Uncertainty is +25% at the 95% confidence level.

** Based on the reaction Ag+I=AgI.

t Based on 7 wt% Ag.
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Column II was left in the oven at 130 to 135°C. Dry air con-
taining 2% NO, only was then metered to the column at 1.9 2/min
for 45 hr. This concentration of NO, was in the range expected in
actual reprocessing off-gas streams.%4) This process was done to
determine the effect NO, had on the iodine sorbent after being
loaded with iodine in the presence of TBP/NPH. It has been postu-
lated that NO, in an air stream containing TBP/NPH will counter-act
the deleterious effects of the TBP on the 7% Ag silica gel sorbent
by some uncertain mechanism. (1) It was assumed that Column II
looked the same as Column I (which was removed) before introducing
the NO,.

At the end of 45 hr the material in Column II was examined and
photographed. The first two 5-cm segments were all white and resem-
bled the virgin material. The third 5-cm segment was nearly all
white with a thin layer of yellow near the bottom (downstream) of
the segment. The last two segments were a pure light yellow; this
as noted earlier is characteristic of silver iodide. It appears
that the iodine loaded onto the first two segments of Column II was
"washed" onto the last two segments of the column by the NO,,
leaving the iodine sorbent in the original white state (regenerated).
This was not expected. Rather, it was assumed that the first two
segments of Column II would remain loaded with iodine and be the
characteristic yellow color. It was also expected that any of the
material not loaded with iodine (the material that was dark) would
be regenerated to the white color of the virgin material. The
silver on the silica gel would be reduced to the ionic (original)
AgNO; state from the oxide (black) state by the NO,.

ITI. Conclusions

The following conclusions were drawn from the work reported in
this paper.

] The presence of airborne TBP vapor at a concentration of
500 mg/m3® reduced the capacity of a commercially available
18 wt% Ag substituted mordenite iodine sorbent to retain
iodine by 60% (compared to stoichiometric retention). This
material could not be used efficiently in actual process
off-gas streams without pretreatment to remove TBP. Further-
more, material A was demonstrated to be an effective sorbent
for TBP and protect the 18 wt% Ag mordenite iodine sorbent
downstream. Protected columns were able to retain 30 times
more iodine than unprotected columns.

° A 7 wt% Ag commercial silica gel iodine sorbent was not affected
by airborne TBP at V10 mg/m3 concentration. The stoichiometric

maximum amount of iodine at saturation (100% breakthrough) was
retained by columns of the material kept at 130 to 135°C. 1In
some cases greater than the stoichiometric amount of iodine
calculated from breakthrough data was retained by the silica

gel sorbent at saturation. Because of this, the iodine sorbent

material may be able to be used in actual process streams
containing low concentrations (v10 mg/m3) TBP without treating
the off-gas to remove the TBP.
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° Visual examination of 7 wt% Ag sorbent loaded with iodine in
presence of TBP/NPH and then subjected to 2 volume % NO, in
air indicated that the NO, will regenerate the sorbent. The
iodine appeared to wash off the material and leave the material
in the original state. This would be undesirable in an actual
process stream containing NO,. It is necessary to irreversibly
trap the iodine in a stable matrix. Additional analytical
work is needed to confirm this conclusion.
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DISCUSSION

SRIDHAR: On the desorbed iodine, what is the chemical
species? Is it retained as CH,I as it comes out of the beds, or is
it in some other form or varieg

PARKER: I really don't know., I could not measure any
iodine while running the NO2 through the columns. I was doing some
gas chromatographic analysisS, but only for methyl iodide, and I
could not pick any up. So, the species must not be methyl iodide.
But what form of iodine it is in, I don't really know. Has anybody
got any ideas?

WILHELM: You may know that we have AC 6120, an amorphous
silicious acid, which is impregnated with silver nitrate. It has a
very special porosity and other properties. We found the same change
in color from gray or dark brown to nearly white or yellow when sweep-
1ng the material with NO,. The reason is very simple. Silver nitrate
is reduced to silver, part of which is oxidized to silver oxide, and
silver oxide has a dark brown color. If you run NO, through the trap,
the silver and silver oxide are converted again to silver nitrate, so
the color changes to white. What we did not find, was movement of
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the chemisorbed radioactive iodine along the filter bed or desorption.
The movement of iodine may be special to the conditions you had, or
to the material you used for the sorption process.

EVONIUK: In the experiment where you ran NO, on a material
balance, was there enough NOy to completely react witﬁ the loaded
methyl iodide that was at the front part, or did NOy get carried
further down to the upper part of the column, i.e., to the end part
of the column?

PARKER: That's a good question. I will tell you why I
chose 45 hours and 2 percent NO,. First of all, 2 percent NO, is
somewhere in the range of what you would like to see in a typical
commercial reprocessing offgas stream. Forty-five hours was about
how much time I had until the end of the year. I really don't know
whether there was a sufficient amount of NO5 in there to achieve a
material balance, or any kind of complete reaction. It was a guess,
more or less, and this concentration was run until I ran out of time.
Obviously, it shows that what is needed is a little more detailed
type of experiment to see whether, on a stoichiometric basis, there
is a sufficient amount of NO, to do the washing off, or if there is
enough for all the material %hat is in there. 1Is that what you are
asking?

EVONIUK: I was wondering if the NO; did not replace the
adsorbed species at the beginning part of the bed.

PARKER: I doubt if it stayed on the material in any way.
I think it was like a catalyst, or like a reactant, to return the
bed to its virgin form. This means, to move it back into the silver
nitrate form from the silver oxide form.

HERRMANN : How did you analyze the residual tributyl phosphate
after your adsorbent?

PARKER: You want to know how I knew what was depositing

on to the material? I did it in two ways, one as a backup to the
other. First of all, I measured the volume loss in the amount of
tributyl phosphate that I had to start out with. That is a pretty
rough way to estimate. The other way was to use a phosphorous analy-
zer which I connected to the entering stream containing the TBP.

I used the phosphorous analyzer to give me an estimate of how much
TBP was in the stream. With that concentration number, it was just

a matter of monitoring total time to give the total amount. It was
not really accurate, maybe + 25%,
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IODINE TRAPPING AND CONDITIONING IN THE MERCUREX SYSTEM

G.E.R. Collard, D. Hennart, J. Van Dooren, W.R.A. Goossens
C.E.N./S.C.K., Mol, Belgium

Abstract

The Mercurex process, followed by adsorption on silvered
products, has been retained by the S.C.K./C.E.N. for further investi-
gation of a retention method for both inorganic and organic iodine
compounds in reprocessing plant off-gases.

A parametric study applied to different iodine compounds has led
to a design equation describing the influence of the gas and liquid
flow rates and of the nitric acid and mercuric nitrate concentration
on the scrubber efficiency. Mass transfer restriction in the liquid
phase limits the process rate for CH3;I, while gas phase resistance to
mass transfer is determinant for iodine removal.

Evolution of the iodine release from a batch-type dissolver
during simulated fuel dissolution was studied. The efficiency of the
process is influenced mainly by the dissolution grade of the fuel,
since it depends on the form of iodine released from the dissolver and
from the NOx scrubber installed upstream the Mercurex scrubber.

A iodine-mercury separation process is proposed for treatment of
the spent Mercurex solution. The process consists of the following
steps :

- electrolytic precipitation of mercury after complexation with hydra-
zonium chloride ;

- elimination of iodine by precipitation on a fixed bed of Cu,0 put on
a solid support ;

- recycling of mercuric nitrate after dissolution of mercury in nitric
acid ;

- recovery of the hydrazonium chloride.

The process as proposed, is the result of a laboratory study of the

different steps. Its major advantage is that the amount of waste

generated is limited to a minimum. However, experiments in a larger
scale equipment indicate that some modifications might be necessary.

Introduction

One of the problems in the removal of radiocactive airborne
isotopes from gaseous effluents of reprocessing LMFBR fuels involves
iodine compounds retention, particularly the retention of the organic
jodine compounds. Several advanced methods have been proposed for
removing gaseous iodine species from dissolver off-gases. The most
important are the Iodox process 1), the Mercurex process(2) and the
adsorption on silver exchanged( or impregnated(4 inorganic prod-
ucts. Amongst these, the Mercurex process has been chosen by the
C.E.N./S.C.K. for further investigation.

The most important aspects of this investigation are presented
in this paper in the sequence of three partial studies :
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- the parametric evaluation of the Mercurex process according to
experimental results obtained in packed-bed scrubbers ;

-~ the observation of the iodine behaviour in the gaseous effluents
leaving a simulated dissolution vessel and passing successively
through a nitrogen oxides scrubber and a Mercurex scrubber ;

- the development of a treatment process for the saturated Mercurex
sclutions resulting in a separation of iodine and mercury

Engineering evaluation of the process

Equipment
The experiments were carried out in the gas purification mock-up
GAS-TON described elsewhere{5:6). Acid mercuric solutions are used to

scrub ilodine-contaminated air with recycling of the solution. The
main flow of nitrogen or air is mixed with a secondary gas flow
artificially loaded with molecular iodine or methyliodide generated at
a constant rate and traced with '3!'I. The characteristics of the two
different packed-bed scrubbers used for the countercurrent gas-liquid
contact are described in table I.

Table I. Description of the packed-bed scrubbers

Column 1 Column 2
Column
material glass polypropylene
diameter (m) 0.15 0.29
Packing
material glass steel
type Rashig Rings Pall Rings
dimensions {(mm) 15 x 15 x 1 25 x 25 x 0.5
specific area (m?/m?) 292 210
void fraction 0.74 0.95
height of packing (m) 1.7 1.7

The loop is fitted with gas sampling devices before
and after each column.

Theorz

Since the reaction between methyliodide and mercuric nitrate is
not well known, it is assumed that the following reaction occurs in
concentrated nitric acid solutions in the presence of air

2 CHsT + 3.5 0, 2NQ3 5 co, + 3 Hp0 + I, (1)

In more diluted nitric acid solutions, the oxidation is not complete
and the following reactions are supposed to be possible

2 cH,1 20r HNQs 5 opt 4 2 1- (2)
2 IT + Hg(NO3), ~ HgI, + 2 NO3 (3)
2 cHY + 2 H,0 > 2 CH3;O0H + 2 HY (4)
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Moreover, complexes between HgI,, I~ and NO3 would be formed.
Whichever of these reactions takes place, it seems that the global
reaction is of pseudo first order with regard to CH;l1 and would be
rather rapid.

It is likely that in the Mercurex process these liquid phase
reactions are combined with an absorption step of methyliodide from
the gas in the liquid phase. Thus the mathematical model of the
absorption process can rely on the following assumptions :

1. flow rates are constant with time and position ;
2. resistances to mass transfer are both in the gas and ligquid phases;

3. Henry's law is applicable, that is : the gas-liquid equilibrium
distribution ratio of methyliodide is independant of CH;I concen-
tration in the gas and depends only of the HNO; and Hg(NO3), con-
centrations in the solution ;

4. the reactions are sufficiently slow to be absent in the liquid
film, but rapid enough to occur in the bulk of the liquid ;

5. the mass transfer coefficients are constant throughout the packed
column.

The general relationships resulting from application of the two-
film theory 7), subject to the above conditions, have been applied in
order to describe the absorption of methyliodide and of elemental
iodine in a packed scrubber. In this way the following equation has
been found :

Z 1
InDF = — (5)

6 [a ,_ =B
pg GU.B ,Y.LO.B

where : A is a constant depending on the packing ;

B is a constant independant of the packing ;

DF is the decontamination factor for iodine ;

G is the gas load per cross sectional area (kg-m~?.s~!) ;

L is the liquid load per cross sectional area (kg-m~?.s-!) ;
Z is the height of the packing (m) ;

Yy is the solubility according to Oswald ;

og is the specific mass of the gas (kg-m~’).

Treatment of the experimental data

This equation is used here to correlate the experimental data
obtained with both columns. In the fig. 1 and 2 the gas and liquid
flow rates Fg and and Fl are given in cubic meters per hour, the flow-
meters being calibrated in this unit. Are also given the acid and
mercuric nitrate concentrations in the solution passing through the
column.

The parameters in this equation are determined by rearranging
the equation to the following relationship :
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Fig. 1 : CH31 SCRUBBING INTHE 29 cM DIAMETER TOWER
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- ] 1 GO 8
. -1 _ 4 ' '
ijG InDF} 7 |:A + B W] (6)
where : A' = A (7)
Pg
g = B (8)
Pg
0.8
This form clearly indicates that a plot of [G°*2.-1nDF]™' vs [%]
A' B'

yields a straight line with

as intercept of the ordinate and —
slope. Y

7

For each set of data obtained at a definite composition of the
scrub solution, both line parameters have been calculated according
to the least square method. A trial and error adjustment of the B!
relative influence of each HNO; and Hg(NOj;). concentration on the =—
values ended the mathematical fitting, where ¥

B! 1 1
— + (9)

Y [HNO;] /[Hg (NO3) »]
[ENO;] - V[Hg(NO3) ,]

or Y = x constant. (10)

[HNO;] + /[Hg (NO3) 5]

No further study was performed in order to interprete this last
equation. It must be considered as valuable within the experimental
concentration range. The value of the constant has been found to be
equal to 8.1 for methyliodide.

When the solubility of the absorbed compound is large, the
resistance in the gas film becomes limitative and the equation (6) can
be rewritten as follows :

(G°-2.1n DF]"! = . (11)
ng
as can be verified on the third part of fig. 2.

Consequently, design equations are got available which describe
the removal of iodine and methyliodide from a gas stream by means of
an acid solution of mercuric nitrate in a packed column.

Iodine behaviour during simulated dissolution

EguiEment

The behaviour of iodine during the dissolution of non-irradiated
fuel has been observed using the following equipment line : a dissol-
ution vessel, a first washing column for NOy removal, a second washing
column for iodine compounds retention, a demister and two fixed beds
for the adsorption of the remaining iodine compounds(4). Uranium
oxide (3.5 to 4.5 kg) and sodium iodide (3.5 g) traced with '3*!'I (100-

I
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150 mCi) were added in nitric acid (23-25 dm®) and the iodine concen-
tration was followed in the dissolver and in the gas stream.

Iodine release from the dissolver

In the dissolver iodine concentration rapidly decreases during
the first four hours and then tails off very slowly to the end of the
runs. After eight hours, 0.5 to 3 % of the total iodine remain in
the dissolver and 0.5 to 1.5 % after 100 hours.

It seems likely that the elution of iodine is accelarated by the
emission of NO: due to the UO; dissolution. Afterwards, the iodine
concentration decreases more slowly and finally remains constant in
the solution.

Absorption of jodine in the NOy washing column

The NOyx washing column is operated with recycled water which
becomes enriched in HNOj3;. During the first hour of the dissolution,
the activity increases in the washing solution because of the large
amounts of iodine in the gas phase. Afterwards, iodine is eluated but
the desorption is not yet completed after more than 100 hours. At
this time, the iodine concentration in the washing solution is larger
than in the dissolver.

Absorption of iodine in the Mercurex column (fig. 3)

The Mercurex washing column is operated with a recycled acid
solution of mercuric nitrate (1 M HNOj3;, 0.1 M Hg(NO3):). Due to the
performance of the NOy scrubber, the iodine activity in the gas
between the two columns decreases slowly, although the iodine leaving
the dissolver is decreasing rapidly during the first hours of a run.
During this period, the decontamination factor obtained in the
Mercurex column decreases rapidly first and then more slowly. This
observation permits us to suppose the chemical form of the iodine
leaving the NOyx scrubber to be more difficultly washed out by the
mercuric solution than elemental iodine.

Over—-all decontamination factor

During all the runs covering a period of three mounths, the
activity measured in the gas downstream the silvered products has not
been higher than the background. This fact reflects that over-all
iodine decontamination factors of 10°® to 10° are achieved using a
Mercurex scrubber followed by a bed of silver sorbents.

Treatment of spent Mercurex solutions

Process description

The spent Mercurex solution, loaded with iodine (table II), is
treated in a subsequent process, in which iodine and mercury are
separated. After separation, the mercury can be recycled to the
Mercurex process, while the iodine is precipitated and conditionned
for storage. In order to produce a minimal amount of waste,recycling
of the reagents needed is applied as far as possible. The flow-sheet
of this treatment process is given in fig. 4.
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Table II. Chemical composition of a spent
Mercurex solution

Compound Concentration
Hg?t 0.2 M
Ht 1 M
NO,;~ 1.4 M
I 0.03 M

The mercury is removed from the spent Mercurex solution by electrolytic
precipitation, after complexation of the mercuric ions with hydra-
zonium chloride. This precipitated mercury is recycled to the
Mercurex scrubber by redissolution in nitric acid. The iodine in the
spent solution, free of mercury, reacts with Cu,0 to Cul. Therefore
the spent solution percolates a fixed bed of Cu,0 put on a solid
support. Once saturated with iodide, the bed load is conditionned

for final storage.

Three more steps are added to the process in order to recover
the hydrazonium chloride for recycling into the mercury complexation
step, namely the fixation of hydrazonium cations on an ion-exchanger
which is regenerated with hydrochloric acid to give recyclable hydra-
zonium chloride, the destruction of nitrate by reaction with formal-
dehyde and the distillation of the remaining dilute hydrochloric acid
to get hydrochloric acid for the regeneration of the ion-exchanger.

A major advantage of this treatment process is that the amount
of waste produced is limited to a minimum. No other solid waste than
Cul is regularly formed. Of course, after some time the ion-exchangers
will have to be renewed. The liquid waste generated, i.e. the
effluent of the distillation step, consists of water that is only
slightly contaminated. No gaseous compounds other than compounds
already present in reprocessing effluents are formed (N,, NOx, COz).

Discussion of the results obtained on laboratory scale

The treatment process, as described above, is the result of a
development study of the different steps on laboratory scale, which
will be discussed here.

The electrolysis of the spent Mercurex solution started with a
mercury cathode, which has a high overvoltage for hydrogen formation,
and a platinum anode. Mercury was expected to precipitate at the
cathode in this direct electrolysis.

However, direct electrolysis could not be applied for two
reasons. On one g?nd, at the cathode the mercury present as Hg?™,
HgIt and HgZI3+ ( , did not follow the expected electrochemical
reactions (13) and (14)

Hg?*t + 2~ -+ Hg (12)

HgIt + 2e~ ~» Hg + I” (13)
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Hg,I3t + 4e~ =+ 2 Hg + I- (14)
but instead HgI, precipitated according to the following reactions

2 HgIt + 2~ - Hg + HgI,+ (15)

2 Hg,It + 6e” =+ 3 Hg + HgI,v (16)

On the other hand, at the anode iodide oxidation occurred and molecu-
lar iodine was formed :

2 I » I, + 2e~ Eg= + 0.62 V. (17)

In practice, the precipitation of HgIl, was overcome by complex-
ation of the mercuric ion with chlorides :

Hg?t + 4 Cc1- > HgCl,2~ (18)

The formation of iodine was prevented by taking N;HsCl as chloride
salt for complexation. As a result, the following reactions occured :
-at the cathode :

HgCl,?~ + 2e~ ~+ Hg + 4 Cl1~ (19)
-at the anode :
NHst + Not + 5 HY + 4de™ Eoy= - 0.23 V (20)

In order to avoid formation of iodine completely, the pH had to be
kept higher than 1 during the electrolysis. Since the anodic reac-
tion increases the acidity of the solution, hydrazine has to be added
permanently during the electrolysis. Taking these precautions,
mercury can be removed from a Mercurex solution by electrolysis upto
at least 99.9 %.

The iodine present in the remaining solution as iodide, is
precipitated as Cul on a fixed bed of Cu;0 on a solid support accord-
ing to the following reaction :

Cu,0 + 2 I~ + 2 HY -+ 2 CuIlt + H,0 (21)

The fixed bed option is retained because no excess of copper will
appear in the effluent with this method. However, since Cu,0 is only
available as a fine powder, a solid support is necessary. For this
reason Cu;0 has been put as a coat on porous alumina pellets. Working
at an inlet pH of 1.5, the iodide can be entirely fixed on such a
Cu.0 material. Once saturated with iodide, the bed is purged with
dry air as conditioning before final storage.

The effluent of the precipitation step still contains an amount
of N;HsCl and N;HsNO3;. In order to get able to recycle the hydra-
zonium chloride to the complexation step, a sequence of three steps
has to be added. Firstly, the N,HsT-cations are fixed by ion-exchange
on styrene sulfonate. Secundly, the nitric acid is destroyed by
reaction with formaldehyde at 100 °C according to the scheme :

3 HCHO + 4 NO,~ + 4 HY > 5 H,0 + 3 CO,4 + 4 NO4 (22)
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It is clear that the reaction products of this destruction are common
compounds in reprocessing plant effluents. Thirdly, the dilute
hydrochloric acid solution left is concentrated in a distillation step
and is used for the regeneration of the ion-exchanger where recyclable
N;HsCl is obtained. The distillation effluent consists of water,
which is only slightly contaminated, and is sent to the waste
treatment plant. These three steps have been tested on a laboratory
scale giving complete satisfaction.

Larger scale experiments

Recently, experiments on a larger scale have been started. A
10 1 batch-electrolyser has been installed, in which a few preliminary
experiments have been performed to demonstrate the soundness of the
electrolysis. A mercury cathode and a platinized titanium anode were
used. Again more than 99.9 % of the mercury was recovered. However,
technological development work is still needed to determine optimal
geometry, mixing system and working parameters of this electrolyser.

A second unit, that has been tested on a larger scale, is the
fixed bed precipitation unit. Experiments were carried out with the
same filling material, as previously described. Here some problems
showed up, which did not in the experiments on laboratory scale. The
effectiveness of the precipitation appeared to be poor : only 50 % of
the Cu,0 was converted to Cul at the moment that iodide was detected
at the outlet of the bed. Further, the Cul precipitate came free
from the solid support. This phenomenon caused bed plugging, when the
pellet size was diminished. These problems are hoped to be overcome
during future research, directed to the application of other support
material and to the improvement of the coating with Cu,O.

Conclusion

This engineering study of the Mercurex process has shown the
feasibility of the process for the primary removal of iodine compounds
from dissolver off-gases. Consequently, a Mercurex scrubber will be
built in, in the off-gas purification loop of the HERMES installation
(Head End Research Mock-up on an Engineering Scale), under construc-
tion at S.C.K./C.E.N. where batches of 10 kg irradiated fuel will be
dissolved.

The laboratory study has indicated that it is possible to trans-
form the iodine species trapped in the Mercurex solution into a
iodine compound suitable for final storage. 1In this transformation
process mercury is recycled and a minimum of common waste is formed.
Larger scale experiments are needed to test the technological feasi-
bility of this treatment process for Mercurex solutions.
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DISCUSSION

HENRICH: Do you expect to have some trouble because of an
occasional carryover of a small fraction of the mercury to the dis-
solver? Afterwards, it would be very much more difficult to remove
the iodine, Even small amounts of the original solution would be
sufficient to cause trouble.

COLLARD: I think the answer has two aspects. As a matter
of fact, mercury would be disturbing in the dissolver, but, theoreti-
cally, you have silver, mercury, and other metals in the dissolver to
catch all the iodine. Nevertheless, you find iodine in the offgases.
That is the first aspect of the answer. The second aspect is the
precautions you have to take to avoid mercury in the dissolver. 1In
fact, if precipitation of mercury is done in-line, you will get a
regeneration of mercury and the only liquid waste you get is water,
This water is sent with the low-level waste straight to the waste
treatment. .So, there is no recycling of this liquid. Now you can
say you can have entrainment during incidents. You can also have
entrainment of solution to a storage tank. Indeed, it can be a
problem. If you plan to reuse the waste solution, you may have
incidents in the next dissolution steps. It can be a problem. I
think it is just a question of design.
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EVONIUK: A couple of questions. On this pilot plant, what
was your gas feed rate and your concentration going into your mercuric
scrub column? I missed it on the graph. And what is your projected
cost for a unit?

COLLARD: The experiment was done with a dissolver of 30
liters wherein about 12 kilos of uranium were dissolved. Iodine was
added to the uranium, traced with active iodine, and we followed the
iodine during the dissolution of the uranium. So we simulated the
dissolution but not with fissioned uranium.

EVONIUK: What about the costs for a unit?

COLLARD: The unit is only a scrubber. The costly product
1s hydrazine. Hydrazine is a very expensive product, but the guanti-
ty we use is not very large. As an example, for a little reprocess-
ing plant of 60 tons thermal fuel per year, you have to regenerate
about 200 liters of solution per year. So I don't think the costs
are very important.

EVONIUK: You are talking about processing how many liters
of gas per year?

COLLARD: It is a liguid and not gas treatment in this case.
For a thermal reactor in Belgium we did some calculations for 60 tons
of fuel per year. You would have about 200 liters of solution to be
treated and you would need about 50 liters of hydrazine. This is
expensive, but it is not a very large amount.
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RESULTS OF CLEANING DISSOLVER OFF-~GAS IN THE PASSAT
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Abstract

For demonstration of an advanced dissolver off-gas cleaning
system the new PASSAT 1) filter system has been developed, set up
under licensing conditions pertinent to industrial scale reprocessing
facilities 2) and commissioned for trial operation. Major components
of the PASSAT off-gas cleaning system are the packed fiber mist
eliminator with flushing capability (Brink filter) for initial
removal of droplet and solid aerosols, which has been installed to
extend the service life of HEPA filters, and the series connected
iodine adsorption filters for optimum utilization of the iodine
adsorption material, AC 6120.

The tests performed so far and the experience accumulated in
testing these remotely operated filter components under simulated
dissolver off-gas conditions, are described and discussed.

I. Introduction

In reprocessing spent fuel elements, the dissolver constitutes
a major source of airborne particles as a result of the intensive
agitation of liquids due to the generation of gas bubbles, the high
temperature of the liguid and the injection of sparging air. These
particles are made up of droplets of the fuel element solution and
dust produced in cutting the fuel elements and carried from the shear
sweep gas into the dissolver. The dissolver off-gas is first run past
condenser and NO, absorption columns in which these primary aerosols
can be absorbed and dissolved. However, these components in turn give
rise to secondary aerosols which re-enter the off-gas stream.

The development of components for aerosol and iocdine removal in
PASSAT aims at obtaining data on the optimum design of a dissolver
off-gas filter train as well as at reducing the radicactive waste by
the use of high efficiency prefilters which allow to return into the
dissolver solution the aerosols removed. The key part of the train is
the recleanable mist eliminator 3) connected in series with the coarse
droplet separator. This mist eliminator has been so designed that
also in the range of critical aerosol sizes high retention factors
are attained for airborne droplets and solid particles (DF for
droplets 1 - 5 um > 1000; DF for solid particles 0.09 - 0.12 um
> 1000) . Thus, the prefilter permits to extend the service life of
the successive HEPA filters and the iodine filters connected in series,
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since droplet storage can be excluded and loading by y-emitters is
largely reduced.

Before the individual filter components can be installed in the
new dissolver off-gas section of the Karlsruhe Reprocessing Plant,
the safety relevant performance had to be proved in compliance with
the requirements by the licensing authorities.

This required simulation of a dissolver off-gas whose
composition was determined by the specified data of the Reprocessing
Plant. The previous studies first concentrated on the verification of
the behavior of solid and droplet aerosols at recleanable, packed
fiber mist eliminators and their optimization. Moreover, the tests
with radiocactive and inactive aerosols served to determine the
following filter characteristics of the packed fiber mist eliminator;
loading time, distribution and liquid storage as a function of the
gas flow and the aerosol concentration; pressure drops occurring at
different flows; drying periods of the fiber package; optimization
of the amount of liquid for cleaning the filter element, and detection
of the removal efficiency as a function of the droplet and solid
aerosol sizes.

The second central point of activities concerned the investiga-
tion of the iodine behavior at high iodine concentrations at the
individual filter components and the verification of loading and
capacity of the iodine filter drums. About 11.45 kg of elemental
iodine with a radioactive tracer added were produced and fed into
the system while the distribution of the iodine and the decontamina-
tion factors were evaluated.

IT. Removal of Droplets and Particles in the Packed Fiber
Mist Eliminator (PFME)

To examine the removal performance of different droplet
separators in PASSAT, defined droplet spectra must be generated. Very
small droplets can be generated by means of ultrasonic spray systems,
high frequency atomizers, impact and centrifugal force separators
and single and dual feed nozzles. Since the single and dual feed
nozzle technique is very simple in design and likely to have high
availability, this system was installed in PASSAT for airborne
droplet generation.

To determine the retention factors in packed fiber mist
eliminators, a dual feed nozzle with a maximum of the droplet
frequency around < 10 um was selected, which provides a distribution
of droplet sizes in the range between 1 and 35 um (Fig. 1).

One particular difficulty in measuring droplet removal lies in
the fact that small droplets can evaporate very quickly and then can
no longer be measured. If this occurs, e.g., on the clean air side
of a droplet eliminator, it would simulate high retention factors.
For this reason, saline solutions were sprayed in various experi-
ments. The salt core remaining after evaporation allows guantitative
conclusions to be drawn with respect to the mass of droplets origi-
nally available and can be precipitated on nucle pore filters.
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For rapid determination of particle size distributions in
aerosol flows, scattered light measurements 4) are applied preferably.
The aerosol spectrometer, an optical particle counter summing up
scattered light pulses, uses the light scattering effect to determine
grain sizes and concentrations of flowing aerosol particles moving
through a small measuring volume of the flow to be examined. The
optical limitation of the measuring volume makes it possible to
measure the local size distribution of the particles directly in the
given flow without upsetting this pattern and changing the distribu-
tion of particles and their dispersed condition, respectively. By
selecting an optically limited, very small measuring volume (100 um
length of the edges) the fraction of coincident signals brought about
by the simultaneous presence of several particles in the measuring
volume becomes negligible even in the presence of relatively high
particle concentrations. Thus, the scattered light is measured in
the individual particle, not in the group of particles; this makes
it a direct distribution measurement. The values assessed by the
measuring equipment are directly passed to the computer by means of an
on-line data line, are processed in an existing program and evaluated
under the following aspects: In the filter drums the removal
efficiency for special drop sizes as a function of diameter and the
bulk removal efficiency as a function of temperature and volume flow
were determined.

The mist eliminator (Fig. 2) consists of a fiber packing
designed like a filter cartridge installed in a housing with thermal
insulation and additional trace heating. Two condensate discharge
outlets connected to the untreated and clean air sides of the filter
housing discharge all contaminated liquids accumulating in the housing
via intermediate storage tanks and also remove the flushing liquids
collected in cleaning the filter systems of solid deposits. For
flushing the filter systems the housing is equipped with six flushing
nozzles attached to the support flange, which spray coarse droplets
> 50 um. For decontamination of the whole housing there is a ring
conduit equipped with bores installed in the upper part of the
housing. The bottom part of the housing carries the sealing flange
for the filter cartridge which, when the movable 1id of the housing
is closed, evenly presses the cartridge against the sealing flange
by means of spring washers and a gasket attached to the cartridge.
The gasket separates the chambers carrying untreated gas from those
carrying clean gas and from the upper, clean part of the housing.

The gasket material must be resistant against the chemicals and
radiation doses to be expected. An annular test groove allows
continuous monitoring of the tight fit of the filter cartridge during
operation. For this purpose, air at a slight overpressure is fed to
the test groove, escaping air indicates leakages. To avoid contami-
nation of the upper part of the housing, the filter cartridge, which
is closed at the top, is exposed to a sealing gas flow. To bring the
cartridge into the optimum position, webs and a guiding lance are
provided for centering relative to be fixed spray nozzles.
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The filter cartridge proper consists of a bottom plate to which
a hollow cylinder holding the fiber packing is attached. The hollow
cylinder is welded closed at the top. The fiber packing is arranged
concentrically in the cylinder, equipped with support screens and
sealed at the top and the bottom to prevent short circuits between
the untreated and the clean gases. For remote handling the cartridge
has a holding cone for the crane attached to the upper plate. The
cartridge is filled with fiber glass packings of specific packing
densities and thicknesses. In order to achieve a larger outer surface
for solid off-gas constituents to deposit on, and also for improved
drainage in flushing, the flow was directed from the outside to the
inside.

Larger droplets {(d > 10 uym) are mainly separated as a result
of sealing and inertia effects. The droplets impinge upon the fiber
and, under the influence of the carrier gas pressure and of gravity,
penetrate through the fiber packing into the precipitator, where
they are discharged to the bottom. The retention of very small
droplets is controlled mainly by diffusion effects, which become the
more pronounced the longer the stay time of the droplets in the
fiber packing and the larger the volume and the area of the filter
packing.

Fig. 3 is a schematic diagram of the analytical system required
for testing the droplet separators.

The test setup consists of three main components:
(1) Sample input for droplet and particle aerosols followed by a
downstream homogenization section,
(2) filter housing and filter cartridge,

(3) sample withdrawal, measurement and evaluation.

The plant parameters set for the experiments are as follows:

Gas temperature : 3OOC, SOOC at the filter

Relative humidity of the air: 98 - 100 % r.h. (with so0lid aerosols
only 5 % r.h.)

Flow rate : 75, 100, 125, 150 std. m3 X h
Systems pressure : 0.96 - 0.98 bar.

-1

The droplet aerosols are dgenerated by spraying demineralized
water, in the plant upstream of the filter component and by addition
of compressed air.

Upstream and downstream of the packed fiber mist eliminator

a sample is taken isokinetically during operation, from which removal
efficiencies of the filter components are determined as a function of
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mass and diameter by means of a converted scattered light measuring
system.

To verify the results, an alternative technique using a 5 %
sodium nitrate solution is applied. The solution is also sprayed by
the dual feed nozzle, but the aerosol samples extracted at the
untreated and the clean gas sides are dried in a pipeline and moved
onto nucle pore filters. The mass of NaNOj precipitated on the filter
platelets is determined by means of an electrode selective to sodium
ions or by neutron activation analysis. Measuring time and the mass
of NaNO3 furnish the NaNO3 bulk concentration. The droplet concen-
tration can be calculated from the amount of solution fed and the
spectrum of droplets.

The removal behavior of fiber mats with respect to solid
aerosols i1s determined by spraying an agueous solution of sodium
fluorescein 2). Samples of the salt crystallized in the gas stream
are put on nucle pore filters on the untreated and clean air sides.
The filter platelets are evaluated by means of scanning electron
microscopy and fluorescence spectroscopy.

The salt loading was provided by soluble sodium nitrate. The
pre—-ground salt (grain size: 2 - 5 pym) was sprayed into the off-gas
stream by means of a salt gun, which made for almost uniform loading
of the filtering area in the fiber packings. To verify the loading
distribution on the filter packing, radiocactively labeled salt droplet
aerosols were sprayed and the radiocactivity was subsequently measured
at various points of the fiber packing. Short spraying of flushing
water through the nozzles installed in the filter housing (flow
400 1 x h717, pre-pressure 3.5 bar) will dissolve the salts from the
filter mat.

ITII. Results

The dual feed nozzle for droplet generation was operated in all
these tests at 1 1 Hy;0/h and 1 1 of solution/h, respectively. In the
measurements on the untreated and clean air sides of the packed fiber
mist eliminator, droplet spectra were obtained in the ranges shown g
in Fig. 4. The removal efficiencies were determined at 30°9C and 50°C
and 100 % r.h. at different flows of 75 - 150 m3/h. No dependence
on temperature was found. All bulk removal efficiencies exceeded
99.99 %. However, this value is only conditionally true, because
large droplets are removed much more easily than small ones and a
small number of big ones combine practically all the mass and are
therefore bound to result in high removal efficiencies. For this
reason, also the frequencies of identical drop sizes on the untreated
and clean air sides are intercompared.

For small droplets (1 - 10 um) the removal efficiency as a

function of diameter was mostly between 99.8 and 99.99925 %, which
corresponds to decontamination factors of 500 to 2 x 10°.
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No dependency on the volume flow of the retention factors for
droplets was found. With increasing droplet diameter the removal
efficiency rose steeply (Fig. 5).

Since evaporation will have to be taken into account especially
in the small droplets encountered mainly on the clean air side, a 5 %
sodium nitrate solution was sprayed. The mass of dried NaNOj
particles put onto nucle pore filters was determined by electrodes
selective to sodium ions.

This resulted in a bulk removal efficiency of > 99.9 % for the
same aerosol spectrum in a packed fiber mist eliminator (packing
density 300 kg/m3, fiber diameter 10 - 20 um) with 50 mm thickness of
the layers and a gas flow of 75 std. m3 x h ~1. Comparison of this
result with the better result obtained from scattered light
measurements indicates that some evaporation of small water droplets
on the clean air side cannot be excluded. The packed fiber mist
eliminator was exposed to sodium fluorescein particles of an average
particle diameter of 0.12 ym (Fig. 6). Tab. I lists the decontamina-
tion factors found as a function of the volume flow and the average
velocity in the fiber packing, respectively. The decontamination
factor is in excess of 1000. Moreover, it is seen from Fig. 7 that
removal decreases with increasing velocity v in the filter packing.

Tab. I. Dependence on volume flow and mean velocity v, respectively,
in the packing of the decontamination factors of packed
fiber mist eliminators (thickness of layer: 50 mm, test
aerosol: airborne sodium fluorescein particles

v/ m~ x h 75 100 125 150
v oemx s 2.9 3.9 4.8 5.8
DF 4.5 x 10° | 1.9 x 10° |1.4 x 10° 1.2 x 10°

In addition to recycling of the radiocactive substances into the
process solutions, the amounts of flushing agent used to clean the
fiber packing are of major importance because, should they be
collected in temporary or final storage tanks, they would have to be
considered as low or medium level wastes. Flushing serves to

(1) reduce the radioactivity accumulating on the fiber packing,

(2) dissolve the salts crystallized on the fiber packing and, in
this way, nearly restore the original differential pressure over
the fiber layer.

For test purposes, the fiber packing in the mist eliminator is
loaded with aerosols through an annular cylindrical space from the
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outside. The larger outer surface of the cylinder is useful as an
impact area only if all of this area is used for loading with
aerosols. Radiocactively labeled aerosols make it possible, on the
basis of the radicactivity distribution on the surface of the fiber
packing, to obtain information about the distribution of the off-gas
stream permeating it.

To determine the aerosol distribution on the fiber packing, a
5 % Mn-56 (NO3), solution was sprayed into the gas stream and
subsequently the radioactivity was measured at specific points on the
filter housing by means of a dose rate meter. A relatively constant
load on the whole circumference of the filter was measured at the
respective levels,

For simulation of salt loading in PASSAT, 130 g of sodium_3
nitrate (V = 75 my3 x h™!, t = 500C, r.h. = 100 &, m = 4 g x my )
were sprayed onto the fiber glass packing. This quantity roughly
corresponds to a salt loading of the filter in a reprocessing plant
under a volume flow of 130 mN3 x h~1 and a loading with an assumed
10 mg x m~3 of solid particles within four days and without interim
self-cleaning as a result of high air humidity and impinging droplets.
Short spraying of flushing water (approx. 30 1) onto the filter
packing dissolved most of the salts and, after a drainage period of
three hours, the original differential pressure was restored.

To quantify this recleaning and study the behavior of the
droplet aerosols embedded in the fiber packing during flushing and
their removal, a Ba-139 (NO3), solution was sprayed into the gas
stream. After loading different rinses were carried out and the
behavior of the radiocactivities discharged as a function of time was
measured in the condensate pipes (Fig. 8). The radioactivity was
measured by collimated scintillation detectors shielded with lead
(NaIl) .

Fig. 9 shows 15 minutes flushing with a total of 75 1 of H,O.
This amount is sufficient to flush out of the fiber packing embedded
radioactivity (within the limits of detection). Fig. 10 shows
several recleaning steps with periodic flushing and drainage times,
respectively. Comparison with once-through flushing indicates that,
although the cleanup effect is the same, the water consumption is
higher in periodic flushing (105 : 75 1). Periodic flushing however,
offers the advantage that the pressure drop associated with recleaning
is about 20 % lower. Moreover, this diagram shows that radioactivity
is removed on the untreated gas side only at the beginning (for
approx. 5 minutes) of the first flushing step. This is largely due
to the radiocactivity washed out adhering to the caisson of the
filter cartridge. In subsequent flushing steps no further radio-
activity was detected in the untreated gas condensate.

It will be necessary in the dissolver off-gas filter line to
rinse the filter element of the mist separator through the fiber
packing as soon as a higher differential pressure has been reached,
or to replace it by a new element. If even flushing cannot reduce
the differential pressure from 4000 Pa at 150 std. m3/h flow, the
filter cartridge must be replaced remotely. In order to avoid
contamination of the cell by spilling solution in this process, the
fiber packing is dried in a preheated air stream before replacement.
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(Tests of direct replacement after operation in a simulated off-gas
stream indicated between two and four drops of liquid spilled when
the filters were transported through the cell.)

The drying time of the filter element was determined by
measuring the relative humidity of the off-gas on the untreated and
the clean gas sides of the filter; if the humidity values agreed,
the filter was considered to be dry. The values found are listed
in Tab. II.

Tab. II. Drying times of the packed fiber mist eliminator at
different test parameters ¢, = relative humidity
upstream, ¢d = relative humidity downstream)

i
Inlet temperature Relative humidity Gas flow Drying time |

of gas used for of gas used for at

drying drying by = %g
o 3

70°C 5 % 150 std.m™/h approx.10 h
90°¢ 2 % 50 std.m>/h | approx. 6 h

After six hoursoof drying time at a temperature of the gas
used for drying of 90°C the filter system can be bagged out into a
200 1 waste drum for final storage.

IV. Behavior of Iodine and Iodine Removal in PASSAT

In the iodine removal technique 6) applied in the Karlsruhe
Reprocessing Plant in the Federal Republic of Germany as early as in
1975 a concept was implemented in which the iodine from the dissolver
off-gases is precipitated almost quantitatively in fixed bed filters.
The same technique is planned for use in future reprocessing plants.
Iodine is removed in a reaction of the iodine compounds with silver
nitrate impregnated iodine adsorption material, AC 6120 7), in a
two-stage iodine filter, whose first stage must be loaded as
completely as possible, in order to save silver, while the second
stage acts as a safety filter ensuring that the necessary decontami-
nation factor is maintained.

The iodine concentrations so far encountered in the dissolver
off~gas of the Karlsruhe Reprocessing Plant amounted to 40 -
70 mg x m~3, while future reprocessing plants will probably show
markedly higher iodine concentrations of 1 - 2 g x m~3, due to larger
dissolver batches and minimization of the off-gas volume flow.

In order to verify the plate-out behavior of iodine in an off-
gas system under simulated dissolver off-gas conditions and also test
iodine removal in the iodine filters of PASSAT, tests were run by
adding elemental iodine to the off-gas.
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The iodine generator consists of a reaction vessel holding a
potassium iodate solution acidified with nitric acid, into which
a metering pump feeds Nal with tracer I-131. The reaction occurs at
980C, air being used for sparging and the elemental iodine being air
lifted into the gas stream from the reaction vessel through a heated
pipeline with sparging air from the PASSAT system (Fig. 11).

The preparation reaction follows this equation:

I7-131 + 10,  + 6 H === TI-I-131 + 3 H_O.

3 = 2
The reaction occurs quantitatively.

The concentration of iodine in the off-gas during this
introduction was 1.1 g x m~3. 500 g of elemental I-127 with I-131 as
a tracer were introduced per experiment. A total of 11.45 kg of
iodine with 39 mCi I-131 were generated.

During transport of the iodine in that part of the system in
which ligquid gas components deposit as a result of condensate and
drop separation, an absorption-desorption equilibrium is established
by dissolution of a small fraction of the gasborne iodine in the
ligquid residues. Desorption of the iodine precipitated in the wet
part of PASSAT occurs after the end of the test within approximately
five hours. If the_drop separator is fully loaded with the sprayed
droplets (1 1 x h_1), 0.035 % of the iodine (measured through the
I-131 radiocactivity) from the liquid precipitated on the fiber
packing at an absorption capacity of approx. 8 1 of water is moved
through the condensate pipelines into the temporary storage vessels.
This is 50 % of the calculated value.

Difficulties due to corrosion of some stainless steel grades
occur in the HZO/N02 and the HNO3 and HNO2 systems with elemental
iodine in the condensate carrying parts of the plant. Although
pickling and passivation of the stainless steel was carried out as a
pre—-treatment, corrosion produced surface abrasion. Iodine was not
detected in the corrosion products. This corrosion can be excluded
by choosing special steel grades or titanium. After having passed
through the packed fiber mist eliminator, the off-gas is heated to
900C in PASSAT. After this heating no more corrosion was detected in
downstream plant components.

On opening of the filter units (packed fiber mist eliminator,
HEPA filter and iodine filter) no airborne contamination was found
in the iodine monitor 8) with a limit of detection of 2 x 1079 ci
I-131/m3. The intake pipeline was located directly in the opened
housing. Also wipe tests on the insides of the housing lids did not
indicate any iodine deposits in the dry part of the system (r.h.
< 10 %). When elemental tracer iodine was fed to the first iodine
filter drum of the two-stage iodine filter, uniform loading of the
first filter drum was found qualitatively. Fig. 12 shows the removal
efficiency of the first iodine filter drum as a function of loading.

574




16th DOE NUCLEAR AIR CLEANING CONFERENCE

The iodine is removed in a direct reaction between silver nitrate and
elemental tracer iodine and by isotope exchange with I-131 of any
AgI-127 present.

The iodine quantity fed to PASSAT was 11.45 kg with a total
amount of tracer of 39 mCi of I-131. One iodine filter drum contains
85.5 kg of AC 6120 with 12 wt.% of silver; this corresponds to a
quantity of 10.3 kg of silver. A maximum of 12 .1 kg of iocdine can be
adsorbed chemically. During normal operation of the iodine filters,
off-gas samples are taken upstream in and downstream of the filter
housings to determine the load factor and the removal efficiencies.
The I-131 radiocactivity serves to determine mass balances.

Taking into account the iodine quantities of appox. 30 g of I,
in the intake air of the first iocdine filter, which were extracted
for sampling purposes, this results in a load factor of the iodine
sorption material of 95 %, up to a penetration of approx. 16 g I, and
a remaining removal efficiency of the first iodine filter of approx.
97 %. The penetration of 16 g of elemental iodine corresponds to the
chemical adsorption of iodine found in the first few millimeters of
the second iodine filter cartridge. Tab. III indicates the removal
efficiencies detected as a function of the amounts of iodine fed to
iodine filter T.

Tab. ITI. Removal efficiencies at the first iodine sorption
filter as a function of loading and gas composition
(Fig. 12)
Test number | Iodine I-131 Removal efficiency Carrier gas
(kg) (mCi) (%)

T 1 1.08 > 99.99 Luft

T 2 1.45 > 99.99 "

T 3 6.45 4 > 99.99 "

T 4 7.45 7 > 99.99 "

T 5 8.45 4 - "

T 6 9.45 4 > 99.99 "

T 7 9.95 6 99.95 "

T 8 10.45 2 99.76 "

T 9 10.95 2 99.98 "+ 6% NO2

T10 11.45 2 96.97 "+ 4% NO2
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When 500 g of iodine with radioactive tracers was introduced
following the uptake of approx. 10.5 kg in the iodine filter, this
was done in an air/NO, mixture at 6 vol.% NOj. This showed the
regeneration process9d) , which had been observed earlier, in slightly
aged AC 6120 iodine sorption material caused by an increase in
capacity as a result of the conversion of reduced silver into
reactive silver nitrate.

V. Conclusion

Design, testing and optimization of a mist eliminator designed
as a remotely handled packed fiber filter fitting into a waste drum
constitutes a major step forward in implementing the head end off-
gas cleaning concept. The objective of developing and testing a
functioning prefilter for droplet and solid aerosols with flushing
capability to protect the downstream HEPA filter has been attained
and even exceeded in a few requirements, such as removal of solid
aerosols. The retention factors attained of > 1000 for airborne
droplets and solid particles, the slight differential pressures
(10 - 15 mbar)3encountered in this operation (at a maximum volume
flow of 150 my~ x h~1), the good flushing capability and the short
drying times allow these filters to be installed in a dissolver
off-gas 1line.

With 95 % of the silver content of the first iodine filter
used to retain elemental iodine, a residual removal efficiency of
97 % was found. Contamination of cell air by I-131 during replacement
of an iodine filter cartridge and of upstream filter elements, such
as packed fiber mist eliminators and HEPA filters, was not detected.
The iodine concentration set in this case was 1.1 g x mN"3 (loading
of the cartridge: 39 mCi of I-131/cartridge).
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DISCUSSION
LILLYMAN: Were you using all radioactive iodine in your
tests?
FURRER: No, we traced it with 39 millicuries of iodine 131.

We injected all the iodine into the test loop. We always used a
simulated dissolver offgas; not a real dissolver offgas. We had tested
this filter system in a test rig in the WAK, and we obtained the

same results. We found the same removal efficiencies in the

WAK because we had a removal efficiency for iodine-129 of about 99.9
percent for a filter loading of 92 percent with iodine. We also

want to have a pre-cleaning system so that we have longer stay-times
for HEPA filters. We expect the droplets and the particles to deposit
on the first filter.

LILLYMAN: I would hope your dissolver design itself and its
condenser would eliminate any major carryover of droplets into the
system, anyway.

FURRER: Because of the absorption columns?

LILLYMAN: Well, not really. It is a question of how much
boiling you have on your surface and all sorts of other things like
that which could affect it. I understand that if you have a massive
air flow through your dissolver, you could then get some entrainment,
but one of the points about a good dissolver design is to make sure
you do not get an inert gas flow through it which will act as a
carrier.

WILHELM: The first iodine filters were tested in WAK. They
were loaded with the iodine from 20 tons of uranium. The WAK is a
plant which is designed for a throughput of 200 kg of heavy metal per
day. It was not run with 200 kg per day; it was mostly operated with
100 kg per day. But anyway, the iodine filter was used for a long
time period till it was loaded to 92 percent of its total capacity.
That is not so small a scale. We are testing the filter with iodine
released from fuel this way because we do not have a large reprocess-
ing plant. Additionally, we simulate the offgas in PASSAT with
respect to the high concentration of iodine we can expect in a large
reprocessing plant. This changes the conditions very much compared
to the low concentration we have today in the WAK.

HILLIARD: Can you please describe the mist eliminator, as
to the material, the flow rate, and the pressure drop?

FURRER: Normally, we have a layer thickness of 50 mm, and
we have glass fibers of about 10 to 20 micrometers pressed packs.

We have about 300 kilograms per cubic meter of glass fibers pressed
in the layer. As regards flow rate, we have a maximum of linear air
velocity of 2.6 to 5.6 cm per second. The pressure drop was about
15 m bars.
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CONDITIONING OF REPROCESSING DISSOLVER OFFGAS
PRIOR TO KR-RETENTION BY CRYOGENIC DISTILLATION

H.D. Ringel, H. Barnert-Wiemer, H. Hackfort,
M. Heidendael
Kernforschungsanlage Jiilich GmbH
Institut fiir Chemische Technologie
5170 Jilich, Germany

Abstract

The separation of Kr-85 from the dissolver off-gas by means of
low temperature rectification requires a comprehensive and thorough
pre-cleaning of the off-gas. In this section of the off-gas cleaning,
work has been carried out which comprises the selection of a catalyst
for the reduction of 07 and NOyx as well as the separating out of the
xenon prior to the low temperature rectification. A ruthenium
catalyst showed the best results: 07 and NOy were removed so that the
residual amounts were < 1 ppm while at the same time the formation of
NH3 was avoided. The xenon can be adequately removed in freezinc
traps in quantitative terms but the xenon, that is removed, always
contains some 0.2 vol ¢ Kr and/or Njp. In further experiments, the
solubility of 03 in liquid Xe were measured; at 165 K and 1,16 bar
overall pressure when a gas phase containing 4,4 Mol % O3 is in
equilibrium with liquid Xe, 0.37 Mol % O3 