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SUMMARY

In continued support of the design of the gaseous radioiodine control
system for the PUREX(a) Process Facility Modification (PFM), the Pacific
Northwest Laboratory (PNL) conducted laboratory-scale measurements of the
performance of four state-of-the-art sorbents for radioiodine in the dissol-
ver offgas (DOG) of a nuclear reprocessing plant. The PFM is a new head-end
treatment plant being designed by Westinghouse Hanford Company (WHC) for the
PUREX Plant at the Hanford Site.

The experiments performed measured the iodine effluent concentration
from Norton silver mordenite (NAgZ), Linde silver mordenite (LAgZ), Linde
silver faujasite (AgX), and silver nitrate-impregnated silicic acid (AgN03Si)
during simulated normal operating conditions in the PFM after three shutdown/
startup cycles, and during standby. At normal operating conditions the input
gas is expected to have a dew point of 35°C to 40°C and contain 0.1 wmol I/L,
1 vol% NO, and 1 vol% NOZ' The sorbent bed would be at 150°C. A shutdown/
startup cycle consisted of eliminating iodine and NOX from the input gas,
cooling the bed to room temperature, stopping gas flow, and restarting the
system. During standby conditions the input gas contained no iodine or NOX,
the dew point was at 30°C to 35°C, and the bed temperature remained at 150°C.

Experimental studies reported in 1987 by this laboratory (Scheele and
Burger 1987) showed that silver mordenite was capable of reducing the iodine
concentration in a simulated PFM offgas to <10'5 umol I/L, which is an
acceptable level of performance for the PFM. However, these studies used an
input iodine concentration that was higher than expected in the process,
which Teft some concern about silver mordenite’s performance at process
levels. To alleviate this concern and to determine if other state-of-the-art
jodine sorbents would be acceptable substitutes, WHC requested that PNL per-
form a long-term (2 to 3 months) iodine trapping study using the iodine
concentration in the PFM’s DOG. '

(a) Purex and Uranium Recovery by EXtraction. The facility is located at
the Hanford Site in southeastern Washington state, and is operated for
the U.S. Department of Energy by the Westinghouse Hanford Company.



This experimental study showed that 20 cm beds of NAgZ, LAgZ, and 18 wt%
silver AgX could load up to 0.25 mmol I/g sorbent and routinely reduce the
iodine concentration in a simulated PFM DOG from 0.1 umol I/L to less than
the target level of 10'5 pmol I/L. In contrast, the AgN03Si unexpectedly
failed to achieve this required level of performance, reducing the
concentration on a routine basis only to 10'4 to 10'2 umol I/L.

Standby and shutdown/startup cycling did not appear to affect the efflu-
ent concentration from the zeolite beds. It is possible that the shutdown/
startup cycle did affect the performance of the AgNO3Si. Following the
second shutdown/startup cycle with this bed, the effluent iodine concentra-
tion increased to 10'2 umol I/L. Another increase occurred following the
third shutdown/startup cycle, but could have been due to normal variation for
the AgN03Si system. It is possible that the AgNO3Si beds were exposed to
condensed water prior to the first shutdown/startup, and this might have
reduced their trapping ability.

The pressure drop measurements across the beds after exposure to the
acidic gases of the PFM DOG and sorption of iodine indicate that all of the
materials tested are sufficiently resistant to chemical degradation to be
useful up to an iodine Toading of 0.25 mmol I/g sorbent. This was especially
encouraging for the sorbent AgX, which had the potential of not being resis-
tant to the combined NOx and water in the DOG.

Since the mechanism for iodine trapping by silver-containing materials
is not understood, it is difficult to identify purchasing specifications that
would ensure adequate performance. Reasonable specifications for purchase of
material would include zeolite type, form, mesh, and silver content. Chemi- '
cal analyses to confirm specifications could be performed. Simple laboratory
tests might be appropriate, although first it would be necessary to develop
the test, then correlate the test results with both adequate and inadequate
performance levels. Such tests m{ght involve sorption of iodine from a
solvent or from the gas phase.

In terms of monitoring the iodine content in the effluent from both the
primary and secondary sorbent beds, collection of iodine in/on an iodine
sorbent followed by gamma and x-ray counting of the sorbent sampie appears to

jv



be an acceptable method. Collecting a sample for 8 h from a 500 mL/min slip
stream would provide a reasonable measurement of the 1291 content in the gas
stream at 1075 umol I/L.

Although this experimental study did show that the silver zeolites NAgZ,
LAgZ, and AgX can load to 0.25 umol I/L and effectively reduce the iodine
concentration from process levels to the target level, the materials were not
tested to their full loading capacity. A study to determine the performance
of these materials over their useful lifetimes would be worthwhile. The
unexpectedly poor performance of AgN03Si relative to the zeolites and a lack
of an explanation for the comparative performances further emphasizes the
need to understand the mechanism of iodine trapping. The chemistry of
trapping by silver nitrate should be the most straightforward to predict and
understand. Fundamental studies such as suggested by Scheele and Burger
(1987) may be required to provide the necessary information.
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INTRODUCTION

Since 1980, Pacific Northwest Laboratory (PNL) has conducted work for
Westinghouse Hanford Company (WHC) in support of the design of the radioio-
dine dissolver offgas (DOG) control system that would be used in the PUREX(a)
Process Facility Modification (PFM). Selected trapping methods for gaseous
radioiodine were evaluated on a laboratory scale under normal process and
off-normal conditions. The initial studies evaluated a combination of caus-
tic scrubbing for the bulk of the iodine and Norton silver mordenite (NAgZ)
for trapping the remaining elemental iodine and the organic iodides.(b)
Subsequent work has focused on the study of solid sorbents. Scheele and
Burger (1987) showed that a 12 cm bed of NAgZ could effectively reduce the
gas concentration from 10 umol CHBI/L to less than 10'5 umol I/L at normal
and off-normal conditions, while loading to 0.4 mmol I/g NAgZ at breakthrough.
Scheele and Burger also showed that exposing loaded beds to the standby
condition, which consists of flowing air without the presence of iodine or
oxides of nitrogen in the input gas, stripped a portion of the trapped iodine
from the bed. Additional testing showed that increasing bed length improved
loading at breakthrough and variations in input concentration in the range
0.4 to 10 mmol I/L did not impact the loading or effluent concentration.

Using the results of the previously conducted work, E. D. Waters and
R. M. Orme of WHC determined that the performance of NAgZ met the require-
ments of the PFM radioiodine control system. To confirm that NAgZ could
perform as expected under process conditions and to determine a suitable
substitute or better material, PNL evaluated NAgZ and other potential iodine
sorbents under normal operating conditions using an iodine concentration of
0.1 wmol I/L (Burger and Scheele 1983). The evaluations were conducted under
conditions simulating startup, shutdown, and standby.

(a) Plutonium and Uranium Recovery by EXtraction. The facility is Tocated
at the Hanford Site in southeastern Washington state, and is operated
for the U.S. Department of Energy by Westinghouse Hanford Company.

(b) Letter report to Rockwell Hanford Operations, L. L. Burger, R. D.
Scheele, and C. L. Matsuzaki. 1983. PFM Iodine Removal Studies. Pacific
Northwest Laboratory, Richland, Washington.




The experimental program reported here involved tests of NAgZ, Linde
silver mordenite (LAgZ), 50% exchanged silver faujasite (AgX), and silver
nitrate-impregnated silicic acid (AgN03Si). The effluent iodine concentra-
tions were measured during simulated normal operating conditions, after three
shutdown/startup cycles, and during standby. Because of funding and timing
constraints, the experiments could not be continued until breakthrough.

Thus, the loading capacity of these materials at the process input iodine
concentration was not determined.



CONCLUSIONS AND RECOMMENDATIONS

The laboratory-scale experimental program described here demonstrated
that 20 cm deep beds of NAgZ, LAgZ, and 18 wt% silver AgX can effectively
control gaseous iodine contained in a normally operating PFM DOG up to an
iodine loading of 0.25 mmol I/g sorbent. Performance of these zeolites is
independent of whether the system has been operated continuously or shutdown
and brought back into operation, or is in standby mode. This study also
showed, by measurement of AP across the beds, that the three sorbents are
stable when exposed to the highly acidic gas representative of the PFM DOG
and loaded to 0.25 mmol I/g sorbent. In contrast, AgNO3Si failed to perform
to the minimum requirements established for acceptable operation in the PFM.

Of the three zeolites tested, the AgX had the best loading profile
(shortest loading zone). Each of the zeolites appears to have a much higher
useful loading capacity than reached in these experiments (i.e., 0.25 mmo]l
I/g sorbent).

Since the mechanism for iodine trapping by silver-containing materials
is not understood, it is difficult to identify purchasing specifications that
would ensure adequate performance. Reasonable specifications for purchase of
material include zeolite type, form, mesh, and silver content. Chemical
analyses to confirm specifications could be performed. Simple laboratory
iodine sorption tests might be appropriate, although the test would have to
be developed and the results correlated with both adequate and inadequate
performance levels. Such tests might involve sorption of iodine from a
solvent or from the gas phase.

Collection of iodine in/on an iodine sorbent followed by gamma and x-ray
counting of the sample appears to be an acceptable method for monitoring the
_fodine content in the effluent from both the primary and secondary sorbent
beds. Collecting a sample for 8 h from a 500 mL/min slip stream would pro-
vide a reasonable measurement of thé 1291 content in the gas stream at the

target effluent concentration.

Until the mechanism of iodine trapping by silver-containing materials is
more completely understood, we cannot be sure that the sorbent will always be



effective. This is illustrated by the poor performance of the AgN03Si in
these experiments, which has been shown by others to be an excellent sorbent.
There is at this time no suitable explanation for the failure of AgN03Si 10
perform satisfactorily, while the silver zeolites performed very well and met
process requirements. Basic chemistry studies such as those suggested by
Scheele and Burger (1987) are still needed.

In addition, experiments like those reported here should be continued
until the bed has been loaded to capacity using process level iodine input
concentrations. Such experiments would be valuable for ensuring that the
physical integrity of the sorbents will be maintained for their scheduled
lifetime. To support development of acceptance criteria, tests should be
developed to determine the adequacy of purchased sorbent material.



EXPERIMENTAL DESIGN, APPARATUS, ANALYTICAL METHODS, AND PROCEDURE

The objective of the laboratory experimental program was to compare the
performance of several state-of-the-art trapping materials for gaseous radio-
iodine under conditions expected in the PFM. In this section we discuss the
experimental design, apparatus, and test methods.

EXPERIMENTAL DESIGN

These experiments provided the bases for comparing the performance of
four sorbents developed for radioiodine control in a nuclear fuels reprocess-
ing plant (FRP) (Burger and Scheele 1983). The experiments were designed to
measure the sorbents’ ability to trap process concentrations of iodine from a
gas stream representative of the PFM DOG at normal operating conditions and
when exposed to one or more shutdown/startup cycles. In addition, the
chronic release level of iodine under standby conditions was determined. The
experimental design also allowed us to determine whether loading the material
with iodine or exposure to the highly acidic gas stream would impact the
physical integrity of the materials.

Our extensive testing of NAgZ in support of the PFM project (Scheele and
Burger 1987) made this zeolite the leading candidate for application in the
PFM. However, it would be desirable to identify a substitute sorbent in the
event NAgZ is no longer available. The Norton Company no longer manufactures
mordenite, although a mordenite is available from Linde. Alternatives
include several solid materials that have demonstrated an ability to effec-
tively trap iodine from simulated DOG streams. Thomas et al. (1977) at the
Idaho National Engineering Laboratory (INEL) demonstrated the utility of
fully exchanged AgX (36 wt% silver) and AgZ (18 wt% silver). As McKay,
Miquel and White (1982) describe, the work of Wilhelm, Fiirrer and others of
Karlsruhe indicated that AgNO3Si could effectively trap iodine in a DOG.

Based on information in the literature, the materials selected for test-
ing were AgZ (18 wt% silver) prepared from Norton mordenite Zeolon 900 (NAgZ),
AgZ (18 wt% silver) prepared from Linde mordenite (LAgZ), partially exchanged
silver faujasite (AgX) (18 wt% silver) prepared from Linde 13X, and silver



nitrate-impregnated silicic acid (AgN03Si). For comparison 18 wt% silver
AgX, prepared so the silver was uniformly distributed throughout the
material, was used instead of the fully exchanged AgX. Fully exchanged AgX
has a silver content of 36 wt%. Figure 1 presents the four materials, plus
the 36 wt% silver AgX used in the sampler traps.

The three zeolites were sized -20+40 mesh. WHC selected this particle
size based on the work of Scheele and Burger (1987), which showed acceptable
pressure drops across beds of -20+40 mesh NAgZ, and Scheele, Burger, and
Matsuzaki (1983), which showed that trapping efficiency increased with a
decrease in particle size. Presized silver-exchanged zeolites were purchased
from Ionex Corporation. The AgN03Si was used at its manufactured size of
1.6-mm-dia. beads. Dr. J. Fiirrer of Karlsruhe provided the AgNO3Si since the
material was not commercially available unless purchased in very large
quantities. Ionex Corporation prepared the 18 wt% silver AgX so that the Ag
was evenly distributed throughout the AgX particles.

In the original experimental design we planned to test three replicate
beds of NAgZ, AgX, and AgN03Si. However, LAgZ was also tested because of the
potential shortage of NAgZ. Because NAgZ was the Teading candidate for
application in the PFM and the non-zeolite AgN03Si was previously shown to be

NAgZ LAgZ AgX AgX AgNO,Si

18wt% 18wt% 18wt% 36wt% 12wt%
Ag Ag Ag Ag Ag

38807164.10

FIGURE 1. Silver Sorbents Used in the Performance Tests



effective for this application, three beds of these materials were tested.
The AgX could be susceptible to degradation in the highly acidic environment
of an FRP, so one bed of LAgZ was substituted for one bed of AgX.

The experiments were performed at the PFM operating and standby
conditions expected to exist in the PFM, as shown in Table 1. The effluent
samplers were replaced every 2 weeks. Approximately every 4 weeks a shutdown
and startup test was performed. During normal operation of the PFM, a bed of
AgZ will Tast about 1 year and may be exposed to one or more shutdown and
startup cycles. During shutdown gas will not flow through the beds and the
bed heaters will be turned off. In our tests, shutdown and startup tests
were accomplished in an 8 h day. The effluent gas sampler was left in place
until the air flow was stopped. Samplers were not installed for the shutdown
and startup tests. During standby there was no iodine or NOX in the input
gas, the bed was 150°C, and the dew point was maintained at 30 to 35°C.

TABLE 1. Experimental Operating Conditions

Operating Parameter Normal OgerationLEVE]Standbx Operation

Gas Composition
NO, vol% 1 0
NOZ’ vol% 1 0
HZO’ vol% 6 6
H20, mmo1/L 2.5 2.5
12, wmol I/L 0. 0
Air, vol% 89.4 91.5

Bed Parameter
Length, cm 20 20
Diameter, cm 1 1
Face Velocity, m/mih 5 5
Flow rate, L/min 0.4 0.4
Temperature, °C 150 150



The nine beds were run in parallel, with the test materials distributed
across the manifold to prevent experimental bias due to location. The NAgZ
occupied positions 1, 4, and 7 (Figure 2), the AgN03Si occupied positions 2,
5, and 8, the AgX occupied positions 3 and 6, and the LAgZ occupied position
9. At the end of the iodine Toading experiment the beds were subjected to
standby conditions for 7 days to determine the chronic release rate (see
Table 1). The apparatus used for these experiments is described in the
following section.

Due to budget and time constraints the experimental program was stopped
after loading the 20 cm beds to approximately 0.25 mmol I/g material, or 15%
silver utilization.

APPARATUS USED FOR EXPERIMENTS

The experimental apparatus was designed to allow simulation of the
expected normal conditions in the PFM in terms of superficial face velocity,
sorbent particle size, water content in the gas stream, NO and NO2 concentra-
tions, and temperature. A schematic of the Taboratory apparatus is presented
in Figure 2. The experimental apparatus consisted of the gas delivery and
flow control system; the gaseous iodine generator; and the test beds, includ-
ing temperature control (Figure 3 to 6).

The gas delivery and flow control system consisted of gas bottles, an
0oil-free air pump, mass flow controllers, rotameters, a gas holdup and mixing
bulb for generation of NOZ’ a gaseous water generator, and a gas manifold to
distribute the iodine-containing gas to each sorbent bad. Commercially pro-
duced gas bottles supplied purified grades of 02 and N2 and a technical grade
(>99% purity) of NO. The oil-free air pump provided air flow. During opera-
tion, the air was pumped into a ballast tank to eliminate variations in air
pressure to the mass flow controller. Electronic mass flow controlliers con-
trolled the gas flows and floating-ball flowmeters verified the flows. The
NO2 was prepared by mixing a stoichiometric amount of 02 with the NO in the
100 mL Pyrex bulb shown in Figure 4, thus providing a 50% NO/50% NO2 mixture.
The glass bulb was sized to provide sufficient residence time for ensuring
conversion of the desired amount of NO to N02.
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FIGURE 3. Gas Delivery and Control System

FIGURE 4. NO2 Generator, H20 ) Generator, and Exit Flowmeters
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FIGURE 5. Constant Temperature Oven, Beds, 12( ) Generator, and
Condensate Traps 9

FIGURE 6. Beds, Preheater, and Effluent Sample Trap Assembly
(beds are shown after loading and before standby)

11



A dew point of about 35 to 40°C for the input gas was obtained by bub-
bling the air stream through a bottle of 40°C water, as shown in Figure 4.
The water temperature was controlled with a stirrer/heater plate.

The water-containing air and the NOx were combined and delivered through
a heated stainless steel line to the preheater assembly, which was contained
within the oven shown in Figure 5. The preheater was a coil of 0.25-in.-0.D.
stainless steel tubing, shown in Figure 6. This gas stream was mixed with
the gaseous Iz—1aden stream from the 12 generator and then passed into the
gas manifold for distribution to each of the test beds (see Figure 6). The
gas flowed downward through the test beds to prevent fluidization of the bed
material. The gas flow through each bed was controlled using identical
rotameters on the exit lines from each bed shown in Figure 4.

To determine any remaining iodine in the gas stream, the gas Teaving
each test bed flowed downward through a 5-cm-deep by 1-cm-dia. bed of fully
exchanged (36 wt% Ag) AgX. The iodine collection trap and configuration is
shown in Figure 6. The iodine-free gas stream then left the oven and passed
through condensed-1iquid collection traps before passing through the exit
rotameters.

The gas delivery lines for the air, N2, NO, and 02 were plastic, and the
exit line from the NO2 generator bulb was Teflon and glass. The gas lines
beyond the water generator and the manifold were stainless steel. The bed
containers and AgX sampler containers were borosilicate glass. The beds were
joined to the manifold by butting the borosilicate tube to the manifold and
using a Teflon sleeve and worm gear clamps to ensure a leak-free system. The
beds were connected to the sampler tubes using ball and socket joints and
silicone grease was used to seal the joints. Grease specifications indicated
utility above 200°C; however, after 2 weeks at 150°C, the joints froze. Pre-
vious experience with high-temperature silicone grease at temperatures up to
230°C had been positive (Scheele and Burger 1987), and such grease would have
been a more suitable choice.

Since elemental iodine is expected to be the predominant iodine species
in the PFM DOG, I2 was selected as the chemical form of iodine to be used in
this study instead of methyl iodide (CH3I), which was used in previous work

12



(Scheele and Burger 1987). Methods used previously were not totally satis-
factory for generating radiotraced I2 gas, particularly for extended opera-
tion (letter report, Burger, Scheele, and Matsuzaki 1983). Therefore, an
alternate method was used that involved suspending solid elemental iodine in
water and controlling the temperature, and thus the vapor pressure, of the
elemental iodine.

To radiotrace the elemental iodine a mixture of solid IZ’ water, iodide
ion (0.01 mole I /mole I), and 125I tracer as iodide ion was prepared and
allowed to equilibrate for more than 4 weeks. Elemental iodine reacts
rapidly with I~ to form the triiodide ion, which presumably improves the iso-
topic exchange rate. Samples of the aqueous phase, plus gas samples from the
bubbler described below, verified that exchange had occurred.

To deliver the gaseous 12 to the test beds, nitrogen was bubbled through
a coarse frit submerged in the stirred, aqueous iodine/triiodide suspension/
solution contained in a gas-bubbling bottle. The nitrogen supplied from a
gas bottle carried the gaseous I2 to the manifold, where it was mixed with
the air/NOx stream. The nitrogen flow was regulated by a mass flow control-
ler and monitored using a rotameter. Preliminary testing demonstrated that
the gaseous I2 generator, if operated at room temperature (22°C), could con-
sistently deliver the needed concentration of I2 to the manifold. The trans-
fer Tine from the I2 generator was constructed of glass and stainless steel,
and was as short as possible to limit I2 deposition. Preliminary testing
indicated that I2 would pass quantitatively through 50 cm of 6.4-mm-0.D.
stainless steel tubing heated to 150°C.

ANALYTICAL METHODS

To evaluate the performance of the iodine sorbents, the iodine concen-
tration was periodically measﬁred in both the effluent and 12-1aden gas from
the I2 generator. Chemical and radioanalytical methods were used for the
analyses.

To chemically analyze the iodine in solutions of interest, we used an
iodide ion Specific Ion Electrode (SIE). The method was applicable to deter-
mining the amount of iodine present in the caustic traps used to collect

13



gaseous I2 and in the I2 generator itself. In this method hydroxylamine
nitrate or sulfate was added to reduce all the higher oxidation states (I2
and 103') present in solution to iodide. Nitric acid was used to adjust the
pH to 2 and sodium nitrate was used to adjust the ionic strength of the
solution.

This method was used in the developmental stages of the I2 generator and
later during the experiments to determine that the generator consistently
delivered the desired amount of iodine to the test beds. A controlled flow
of nitrogen was bubbled through the I2 generator, then passed through a 1 M
caustic scrubber to remove the gaseous halogen. The caustic solution con-
taining iodine was then analyzed to chemically determine the iodine content.
Aliquots of the aqueous radiotraced iodine/triiodide slurry/solution were
also analyzed to determine total iodine. The radioiodine content was then
determined and the specific activity of the iodine was calculated.

The jodine was radiotraced with 1251 at a nominal specific activity of

2 Ci/mol I. We analyzed for radioiodine using NaI(T1) scintillation detec-
tors. We used a well crystal to measure radioiodine in the effluent traps,
samples of the iodine generator slurry, and caustic traps. Segmented bed
counts were performed using a right circular cylindrical NaI(T1) crystal. A
lead shield with a 10 c¢m slit was placed between the crystal and the bed,
thus permitting the bed to be counted in six slightly overlapping 35 mm
segments.

A sample of 1251 solution was submitted for standardization. We then
used this standardized solution and dilutions of it to prepare 1251 standards
on 36 wt% silver AgX that contained varying amounts of 1251. The mean
specific activity (cps/mol) and standard deviation (sd), based on the many
analyses, were calculated. The sd was used to caiculate the confidence
limits for the effluent concentrations presented later.

The 1251 standards on AgX were prepared by adding known amounts (20 to
500 ul) of standard solution, or dilutions of the solution, to the amount of
AgX used in the iodine effluent sample traps. A few drops of standard
solution were added to a Tayer of AgX, adding only enough to wet that layer
without allowing the solution to contact the counting tube. A second layer
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of AgX was added and the process repeated until the standard aliquot was
added to the AgX. The samples were air dried or dried in a vacuum oven at
70°C. Replicate samples and standards were prepared by several people using
different volumes of standardized solution.

To determine whether the sorbents were being chemically degraded or
affected by exposure to the acids in the gas stream or by the sorption of
jodine, the pressure drop across each bed was periodically measured using a
mercury manometer. One side of the manometer was connected to the inlet side
of the gas manifold and the other side was connected to the outlet side of
each bed.

EXPERIMENTAL PROCEDURE

The experiments consisted of a loading stage and a standby stage. Three
shutdown and startup tests were included in the loading stage. To start the
system the oven was heated to 40°C, when the air flow was started. When the
oven stabilized at 150°C, the NOx and iodine flows were started. About twice
a week the condensate traps were emptied. The pressure drops were measured
each working day. Every 2 weeks the effluent AgX sample traps were removed
and replaced. The ball and socket joints were regreased at each sampling and
the system was leak-tested. After the third sampling all joints after the
test beds were regreased. About every 4 weeks a shutdown and startup test
was performed.

During the shutdown and startup tests, the iodine and NOx flows were
stopped and the oven was turned off and cooled to 40°C. The air flow was
then stopped and the oven cooled to room temperature. The AgX iodine sample
traps were then replaced and the experiments restarted.

At the end of 67 days the system was shut down. The beds were removed
from the oven and segment gamma counted, then returned to the oven for the
standby test. Startup for the standby staQe was the -same as the loading
stage except that no NOx and 12 were present during the 7-day standby test.
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RESULTS
The zeolites NAgZ, AgX, and LAgZ generally performed better than
expected as compared to previously conducted work using a higher feed
concentration (Scheele and Burger 1987). Each material reduced the iodine
concentration in the gas stream to <10'5 umol I/L. In these tests the
AgN03Si did not consistently meet the target criteria of <10'5 umol I/L in
the effluent.

The shutdown/startup cycle did not appear to affect the performance of
the three silver zeolites, although the second shutdown/startup cycle may
have affected the performance of the AgNO3Si beds. The effluent concentra-
tion from each AgNO3Si bed increased to »10'5 umol I/L following the second

shutdown/startup cycle.

In general, standby operation also did not seem to affect the effluent
concentration from any of the beds. The effluent concentration remained near
the concentration measured during previous loading periods.

The following discussion presents more detailed information on the per-
formance of each material during loading and standby, the effect of three
shutdown/startup cycles, and the effects of iodine loading and exposure to a
gas stream containing acidic NOx on the pressure drop across each of the
beds.

TRAPPING _AND STANDBY PERFORMANCE

In this section the trapping and standby performance of each material
tested is presented graphically, with the iodine effluent concentration from
the bed shown as a function of iodine loading and time. The distribution on
the beds after loading and after standby is also presented.

The loading portrayed in the graphs and tablés is based on an input
concentration of 0.1 umol I/L, as measured during preliminary testing of the
gaseous I2 generator and periodic measurement of the iodine generator output
during the loading. Error limits at the 95% confidence level are also
included. The error results from the sd of the standard and gamma counting
of the sample. In some cases the Tower 1imit was less than 0 and is shown on
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the figures as a line extending below the Timits of the ordinate. The error
limits reported in the tables are based solely on counting statistics and do
not include variability due to bed placement during counting. The variance
due to placement may account for some of the distribution changes observed
for the beds after standby.

The mass transfer zone is typically defined as the length of bed that
reduces the concentration of the species involved from its input value to
some prescribed Tow value. The latter may cover a wide range, perhaps 10'2
or 10'5. Since in this study the iodine concentration cannot be measured
within the bed, we adapted this method to obtain estimates of the mass trans-
fer zone. The first and most analytically sensitive measurement uses the
loading Tevel measured on different segments of the test beds. The second
measurement uses the color of the iodine-loaded test bed to define the trans-
fer zone. In both cases the end of the transfer zone is defined as the point

where the iodine loading falls to an arbitrary low level.

Norton Silver Mordenite

As shown in Figures 7 and 8, NAgZ can reduce the iodine concentration
from 0.1 mmol I/L to Tess than the target concentration of 10‘5 pmol I/L up
to loadings of 0.24 mmol I/g NAgZ. Generally, the effluent concentration was
<10'6 umol I/L. The concentration from bed 1 rose above 10'6 pmol I/L only
during standby.

Shutdown and startup cycles do not appear to impact the ability of NAgZ
to trap gaseous iodine from a simulated DOG. The effluent iodine concentra-
tion rises or falls for the three beds in an apparently random fashion after
the bed cycles through shutdown/startup.

Standby for 7 days also appears to have little or no effect on the
effluent concentration from the bed. For bed 1 it increased to 10'6 umol I/L
but remained below 10'6 umol I/L for beds 4 and 7. Table 2, which presents
the iodine distribution on each bed after loading and after standby, shows
some downstream migration of the iodine. This suggests that if standby
continued for a longer period, more iodine might have migrated from the beds.
However, the information is insufficient for further conclusions.
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Table 2 also shows that iodine collected on the first 10 c¢cm for beds
1 and 7 and the first 13 cm for bed 4, indicating that the mass transfer zone
for NAgZ is probably less than 12 cm.

In addition to the planned tests, bed 4 was accidently flooded with
water before the first shutdown. The bed’s performance was not significantly
impacted by the flooding, although the small differences observed between bed
4 and beds 1 and 7 might be attributable to the flooding.

The different beds after loading and before standby were presented
earlier in Figure 6. Inspection of beds 1, 4, and 7 shows a dark band at the
top of each bed. About 5 mm down each bed, a gap formed after the first
shutdown/startup cycle. When the material was removed from the glass columns
at the end of the experiments, the upper highly loaded portion of the bed was
agitated. The material then flowed easily. This suggests that exposure to
the simulated DOG of the PFM or occasional condensation during shutdown
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