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ABSCHEIDUNG VON SPALTJOD MIT SILBERIMPRAGNIERTEN MOLEKULARSIEBEN

Zusammenfassung

Durch Brennbarkeit und relativ niedrige Desorptionstempera-
turen wird der Einsatz von imprédgnierten Aktivkohlen zur Ab-
scheidung von Spaltjod aus den Abgasen kerntechnischer Instal-
lationen eingeschrénkt.

Treten hohere Abgastemperaturen auf oder muB wmit einer
starken Erwdrmung des Adsorbermaterials durch die Zerfalls-
widrme von radioaktiven Spaltprodukten gerechnet werden, sollten
temperaturfeste, nicht brennbare Adsorbermaterialien fir Spalt-
jodfilter verwendet werden.

Mit silberimprdgnierten Molekularsieben konnten hohe Ab-
scheidegrade filir Methyljodid und elementares Jod bei realtiven
Luftfeuchten bis zu 100 % erreicht werden. Die Abscheideleistung
dieses Materials wurde in trockener Luft, in Dampf-Luftge-
mischen und Helium untersucht; in trockener Luft bei Temperaturen
bis zu 65000. Weiter wurden Alterungsversuche in Héinampf
durchgefiihrt.

154J in Form von Methyljodid werden experimentell ge-

Fir
fundene Abscheidegrade in Abhingigkeit von Art, Feuchte und
Temperatur des Trdgergases, der Silberimprdgnierung und
Bett-Tiefe der Molekularsieb-Filter (bzw. Verweilzeit) und
der Beladung mit Methvljodid angegeben. Der Einsatz von silber-
impragnierten Molekularsieben fiir die Reinigung der Sicher-

heitsbehilter-Atmosphare wird diskutiert.
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Abstract

The use of impregnated charcoal for the removal of
fission product iodine is limited by relatively low desorp-
tion temperatures. In oxidizing gases, also ignition of
the charcoal could occur. For trapping of fission product
iodine in gases at high temperature and in the case of
dangerous heat pgeneration from fission product decay a

nonflammable heat resistant adsorber material should be
availlable for filtering devices.

High removal efficiencies for methyl iodide and
elementary iodine in air with relative humidities up to
100 % were measured by filter beds made out of}silver im~=
pregnated molecular sieve. Long time experiments were per-
formed to test the removal efficiency of this material in
dry air, steam-air mixtures, steam and helium;y for air at
temperatures up to 650°C. Experimental data are given for
the oHAt

)
ular sieve Linde 13 X as a function of the type, humidity

I removal efficiency of silver impregnated molec-

and temperature of the sweep gas, the amount of silver used

for impregnation, bed depth of the molecular sieve (and stay
time, respectively), and the loading level of methyl iodide.
The use of the molecular sieve in gaseous reactor coolants

“and for the cleanup of containment atmospheres is discussed.




INTRODUCTION

The different types.of Linde molecular sieves are
well known for their selective adsorption ability. For
elementary iodine and methyl iodide molecular sieve
type Linde 13 X in particular shows good adsorption ability,
but no useful removal efficiencies can be obtained when
co-adsorption of water occurs. Because molecular sieves are
excellent drying agents, this is valid for practically all
purposes of off-gas cleaning.

By Ag-impregnation of the molecular sieve the removal
efficiency can be much increased by providing a partner for
chemical reaction in the molecular sieve. It was first shown
by W. J. MAECK et al. 1)

iodide can be removed from gas streams with high efficiencies

that elementary iodine and methyl

by the use of Ag-impregnated molecular sieves.

The work reported here is performed to get more infor-
mation for the practical use of fission product ilodine re-
moval from off-gas streams. The method and the apparatus
used are reported in detail elsewhereg). To measure the
removal e¢fficiency for methyl iodide and elementary iodine,

131

they were mixed with I in form of tracer amounts of

CH31311 and 13112,respectively. The radioactively labeled
material was introduced into a sweep gas stream and sucked
through successive test beds of the molecular sieve. The
methyl iodide or elementary iodine which penetrated the test
beds was trapped downstream in 7 successive charcoal beds
(safety beds) made of KI~-impregnated charcoal. Complete
removal in the safety beds was assured by a stay time of
about 1 sec and a decreased relative humidity of the sweep
gas by heating of the safety beds.

After the run, the 2T activity in the test beds
and in the safety beds was measured by Y—spiggroscopy. The

removal efficiency was calculated from the I activity

in the test beds compared with the total activity in the test

and safety beds.




‘tary iodine was always much higher than for methyl iodide and
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The molecular sieve Linde 13 X:

was impregnated with silver by ion exchange of the Na® with

Ag+. Mostly 1 n AgNO3 solutions were used for the ion exchange.
Some previous runs not reported here were performed with

elementary iodine. Because the removal efficiency for elemen-

the removal of elementary iodine is obviously no problem com=-
pared with the removal of methyl iodide, the first experimental
work reported here was concentrated on the removal of methyl |
iodide from gas streams.

EXPERIMENTS WITH UNIMPREGNATED MOLECULAR SIEVE LINDE 13 X

For comparison some experiments were performed with un-
impregnated molecular sieve Linde 13 X and dry and wet air as a
sweep gas. There was no useful removal efficiency for methyl
iodide when the molecular sieve was allowed to reach water
adsorption equilibrium with the normal laboratory air
(R.H. %30 - 60 %) and at higher relative humidities. Only
dry molecular sieve (< 2 wt.% H,0 as delivered) showed

2
reasonable adsorption of methyl iodide. In these experiments

B

with dry molecular sieve, also relatively dry air was used

and the time of gas flow was short enough to limit the total
uptake of water by the molecular sieve to less than b wt.%.

In Figure 1 the results are given of two short runs with
dry molecular sieve and one run at 85 % R.H. In this case
(Table I), the molecular sieve is in equilibrium with the high
humidity of the sweep gas. From the deta given in Table I it can
be concluded that only a very small amount of methyl iodide is
still adsorbed in the test beds after 17 h of wet gas flow (gas
flow through test beds: 440 1/h). This is important with respect
to the results of methyl iodide removal experiments with Ag-
impregnated molecular sieve Linde 13 X. The additional wet sweep




-4 -

gas flow through the test beds in the following experiments

is continued for > 20 h, hence, practically all of the physi-

cally adsorbed methyl iodide should be desorbed from the test

beds at the end of the experiments and only chemisorbed iodine
is expected to remain in the Ag~impregnated molecular sieve.

EXPERIMENTS WITH Ag-IMPREGNATED MOLECULAR SIEVE IN WET AIR

Removal Efficiency as a Function of the Relative Humidity

of the Sweep Gas

Some runs were performed to test the removal efficiency
of silver impregnated molecular sieve for methyl iodide in
wet air. Low loadings with methyl iodide were used in this
series of experiments because the point of interest was the
influence of the relative humidity on ¢pe removal efficiency.
The relative humidity of the sweep gas was varied from 25 -
100 % in steps of 15 %. The time for pre-humidification of
the molecular sieve was long enough to reach adsorption equi-
librium with the water content of the sweep gas. The results
of these runs are given in Table II and Figures?2 and 3. Mos®t
of the variations given in Pigure 2 for the penetration of
CH3131I at 70 % R.H. are due to the use of different batches
of Ag-impregnated molecular sieve Linde 13 X.

Tab. II shows relatively pgood removal efficiencies up to
100 % R.H. In this region of very low CHBI-loadings, no effect
of the total amount or concentration of the methyl iodide on
the removal efficiency (straight lines in Figure 3) is to be
seen, the important parameter is the relative humidity.

The amount of Ag-impregnated molecular sieve in an air
cleaning system is very much limited by the high price of silver.
For air cleaning purposes the maximum relative humidity should
be 70 % to save Ag~impregnated molecular sieve. By heating the
off-gas with originally higher humidity this condition can be

reached easily.
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Removal Efficiency for Higher Concentrations and Loadings

In a series of experiments performed with air of 30°C
and 70 % R.H. as the sweep gas, the removal efficiency of
Ag~impregnated molecular sieve was tested in the concentra-
tion range between 0.02 and 10 ng CHBI/m3 alr and with loadings
up to 6.7 mg CHBI per g Ag-impregnated molecular sieve (calcu-
lated for 10 cm bed depth). The results are given in Table III.

The removal efficiency decreases slowly with increasing
loadings of the molecular sieve. This may be the result of
the decreasing amount of silver available for reaction with
iodine from methyl iodide. Within the accuracy of the experi-
ments this effect is to be seen on the removal efficiencies
given for loadings above 1,5 mg CHBI/g Ag~impregnated molecular
sieve (calculated for 10 cm bed depth). For practical purposes
in the region of lower loadings, the removal efficiency can be

e i

assumed to be independent of loading. In the range investigated
the experimental results do not show a pronounced effect of the
concentration of the methyl iodide in the sweep gas.

Most of the ranges of loading and concentration expected
for off-gas cleaning in nuclear reactor stations is covered by
the given data. For off-gas cleaning in fuel reprocessing plants
the maximum loading of the molecular sieve should be known.
Hence, the experimental work will be continued toward higher
loadings and with sweep gas containing NO and N02.

METHYL IODIDE REMOVAL EFFICIENCY OF Ag-IMPREGNATED MOLECULAR
SIEVE LINDE 13 X AT ELEVATED TEMPERATURLS

Experiments with Dry Air as the Sweep Gas

Three runs were performed to test the removal of methyl
iodide from air at 200, 300, and 650°C. The results are given
in Table IV. The removal efficiency is > 99,99 % under these
experimental conditions.
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Experiments with Dry llelium as the Sweep Gas

Two runs were performed at 200 and BOOOC (Table V).
Technical grade helium was used with 99,995 % He, 10 vpm
02, 10 vpm HQO, and 25 vpm N2. The data for the removal
efTiciencies from the He-experiments are very similar to
those with air as the sweep gas. The different results for
200 and BOOOC could be due to small mechanical leaks in the
first test bed wused for run 1. For removal efficiencies that
high the data will be influenced strongly by small mechanical

leaks.

Conclusions: Runs with Dry Gases at High Temperatures

The Ag-imprepnated molecular sieve Linde 13 X gives
excellent removal efficiencies for methyl iodide in dry air
and helium at high temperatures.

1311 activity

From the distribution of a small amount of
absorbed inside the glass tube, which is used as the wall
material for the test beds, and from the activity removed by
the stainless steel screens in front of the test beds the
conclusion can be drawn that some part of the methyl iodide
thermally decomposed to a more reactive chemical form like
elementary iodine. The stay time of the sweep gas - methyl
iodide mixture in the hot zone of the glass tube in front of

the test bed was < 0.8 sec.

AGING OF Ag-IMPREGNATED MOLECULAR SIEVE LINDE 13 X IN
SUPERHEATED STEAM AT HIGH TEMPERATURE AND PRESSURE

The aging experiments in steam of high temperature and
pressure should give an answer to the question of whether Ag-

impregnated molecular sieve could be used as a filter material

to remove iodinecontinuously from superheated steam in primary
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circuits. Also some conclusions should be derived from
this experiments with respect to the service life under less
rough steam conditions.

Ag-impregnated molecular sieve Linde 13 X was brought
into a loop for generation of superheated steam, the boiler
was warmed up and the steam flow through the molecular sieve
started. During startup and after slowdown of the steam flow,
condensation occurred in the molecular sieve bed. So, washout
of the impregnation by water and steam could cause a loss of
Ag from the molecular sieve. Runs were performed for aging
the molecular sieve in superheated steam at 23500, 30 atm
and 51000, 140 atm. After aging, the molecular sieve material
was brought into the test apparatus and the remaining CHBI
removal efficiency was measured at 70 % relative humidity and
30°C (Table VI). The results of the runs with steam aged
molecular sieve therefore can be directly compared with previous
data,

With respect to the low removal efficiencies after aging
(Table VI) it can be concluded that Ag-impregnated molecular (
sieve of this type cannot be used in steam of very high
temperature and pressure for a convenient service time.

The molecular sieve aged at 510°C lost gome of its silver
during the aging test, the conductivity of the steam condensate
showed a steep increase during the test. After the aging proce-
dure the pgray color of the unused molecular sieve had changed
to brown, the material was very brittle. Microscopic inspection
showed a rough spongy structure of the pellets compared to the
denser material Dbefore aging. No measurable water ad-
sorption of the aged and then dried molecular sieve was detected
in humid atmosphere. It is believed that the crystalline struec-
ture of the molecular sieve is destroyed completely by the
overheated steam.

The aging tests at 230°C and 30 atm did not change the
Ag-impregnated molecular sieve so much. Hence, the experiments
will be continued with superheated steam in the range between
150 and BOOOC; also, experiments will be performed with over-

heated steam at much. lower pressure.
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EXPERIMENTS WITH DIFFERENT SILVER LOADINGS OF THE MOLECULAR
STEVE

The results of some experiments are given in Figure b
and 5. There is a sharp decrease of removal efficiency with
i" jower silver loadings and a certain amount of "non-reactive
| silver ." Figure 4 clearly shows that for 70 % R.H. and a given
‘ amount of silver relatively high silver loadings and lower
3 bed depth of the molecular sieve are more economical than
\ lower silver loadings and higher bed depth. The same is valid
for 100 % R.H.,but for low bed depth the effect is some-
what obscured by the large amount of adsorbed water (Figure 5).

CONCLUSIONS

In dry air and helium Ag- impregnated molecular sieve

Linde 13 X showed excellent removal efficiency for methyl
iodide. At higher temperatures, 200, 300, and 650 C in these
experiments, the removal efficiency increased further by the
thermal decomposition of the methyl iodide.

The removal efficiency of Ag-impregnated molecular sieve
Linde 13 X for methyl iodide is strongly influenced by the
relative humidity of the sweep gas, bub still at relative
humidities near 100 % removal efficiencies between 90 and

99 % were measured for 10 cm bed depth and a stay time of

0.1 sec. For this bed depth, stay time and air at 30 °¢ and

70 % R.H. as the sweep gas, varlatlons in the loading with
methyl iodide had only a slight influence in the investigated
range from 0.01 to 6.7 mg methyl iodide per g Ag~impregnated
molecular sieve (calculated for a bed depth of 10 cm), cor-

responding to concentrations between 0.023 and 10 mg of methyl

iodide per m” air.

From aging experiments in superheated steam of 51000 and
140 atm it can be concluded that Ag- ~impregnated molecular sieve
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cannot be used as an iodine filter material in primary
circuits under those rough conditions. The results at 23500
and 30 atm are much better; so the work will be continued in
the range between 150 and 300°C and under lower pressure.

There 1s a strong influence from the amount of silver in
the molecular sieve on the methyl iodide removal efficiency.
The amount of silver used for impregnation of the molecular {
sieve by exchange should be high enough to allow a practically {
complete exchange of the Na® with Ag+ in the molecular sieve
Linde 13 X. For a given amount of silver and a relative humidity
of 70 % and 100 % it was found that relative high silver loadings
and lower bed depth of the molecular sieve are more economical
than lower silver loadings and higher bed depth.

On the whole, Ag~impregnated molecular sieve Linde 13% X
seems to be a good material to remove ilodine from off-gas
streams in dry and wet atmospheres, but its use for off-gas
cleaning i1s restricted to cases in which the incombustibility
of the material (high decay heat from fission product iodine
loédings) is dimportant enough to tolerate the high price of
this material.
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Table T. CH51341 REMOVAL EFFICIENCY OF UNIMPREGNATED
MOLECULAR SIEVE IN WET ATR.

Molecular sieve: Linde 1% X as delivered, pellets, diam,
1/16 inch, 4 successive test beds, bed
depth: 25 mm, bed diam. 25 mm.,

Sweep gas: air, temperature: ZOOC, R.H.: 85 %, atmo-

spheric pressure, superficial
velocity: 15 m/min,

Duration of air flow: pre-humidification: 24 h, CH51 -
injection: 1 h, air flow continued for an
additional 17 h.

Loading: 3.0 + 0.6 pg CH5427I + 1,0 + 0,% pCi
CHB/]5 I per g molecular sieve (calculated
for 10 cm bed depth).

Bed depth | Stay time |CH, 2T removal |cH, 21 penetration
(em) (sec) efficiency (%) 5 (%)
2.5 0.1 0.35 « 1077 99.99965
5,0 0.2 0.69 « 1072 99.99931
7.5 0.% 1.64 « 1072 99.998%6
10.0 0.4 2,72 + 1072 99.99728

B

T e

U
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Table II. OH54311 REMOVAL EFFICIENCY OF Ag-IMPREGNATED
MOTECULAR SIEVE LINDE 13 X IN AIR OF DIFFERENT RELATIVE
HUMIDITIES.

Molecular sieve: Linde 1% X, pellets, diam. 1/16 inch.

Impregnation: 0.57 g Ag/g molecular sieve (as delivered),
4 successive test beds, bed depth: 25 mm, bed diam.
25 mm,

Sweep gas: air, temperature: BOOC, atmospheric pressuvre,
superficial velocity: 15 m/min.

Duration of air flow: pre-humidification » 20 h,
CH,I injection: 1 h, air flow continued for an addi-
tional 20 - 22 h.

Experimental conditions GH545“I REMOVAL EFFICIENCY (%)
R.H. | CH,I Bed aepth | 55 | 5.0 | o5 0.0
(%) loading (cn)
(pe/s) Stay time
(s60) 0.1 | 0.2 | 0.3 0.4
25 30 + 6 96.14199.88 [99.9%4 |(99.997)

40 30 + 6 91.85199.40 [99.96 99.996

55 30 + 6 (mean values)}85,50 [97.85 |99.68 99,963

70 10 + 2 (mean values)?73.52|94.65 [98.85 99.79

85 3 + 0.6 71.12191.63 |97.50 99.07
85 | 130 + 26 70.91191.20 |97.35 99.21
100 32 + 0.6 42,21171.02 |87,22 9%.87

*
ne CH5I per g molecular sieve, calculated for 10 cm bed

depth.

()= activity of test bed near background, therefore, data
for removal efficiency too low.
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Table III. CH5“5“I REMOVAL EFFICIENCY OF Ag-IMPREGNATED
MOLECULAR SIEVE FOR DIFFERENT METHYL IODIDE CONCENTRATIONS
AND IOADINGS,

Molecular sieve and test beds: the same as in Table II,
Sweep gas: alr, temperature: BOOC, atmospheric pressure,
R.H.: 70 %, superficial velocity: 15 m/min.
Duration of air flow: pre-humidification >22 h,
CHBI injection: 1 h (unless specified otherwise),
wet air flow continued for an additional 20 - 22 h,

Experimental conditions 0H5“5“1 REMOVAT, EFFICIENCY (%)
CH,T OHBI ' Bed
5 depth| 2.5 | 5.0 | 7.5 [10.0
loading concentrabion (cm)
*
(ng/g) (ng/m?) Stay
time | 0.1 | 0.2 | 0.3 | 0.4
(sec)

0.01(+ 20 %)| 0.023(+ 20 %) 7%.52|94,65198.85[99.,79
0.2 L 0,47 L 68.9%192,20(98,07[99.60
0.27 " 0.61 " 67.54191.55(97.8499, 47

® K
1.0 " 1.1 " 724,63 |94,17]98. 5499, 51

* * .
1.5 " 1.7 " ' 7%.72194,%20198.85199.76
5.6 " 8.2 " 6%.%6189.55{97.37|99. 44
4,4 L 10.0 " 60.94|87.74196.80(99. 36

* %
6.7 " 7.6 " 57.46185.69(95.17|98. 46
*mg CH5I per molecular sieve, calculated for 10 cm bed depth.

* %
CH31 injection time: 2 h,

%
g
g
%
|
:
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Table IV, CHsiziI REMOVAL EFFICIENCY OF Ag~IMPREGNATED

MOLECULAR SIEVE IN DRY AIR AT 200, 300 AND 650°C.

Molecular sicve : the same as in Table II,

Test beds: the same as in Table II, but only 2 successive
beds.

Sweep pas: air, atmospheric pressure, R.H. run 1: < 0.1 7,
run 2: < 0.02 %, run 3: < 0.001 %.
Superficial veloeity: run 1: 21.4 m/sec,
run 2: 26.1 m/sec, run 3: 19 m/sec.

Duration of air flow: pre-conditioning with hot air 24 h,
CHBI injection 1 h, hot air flow continued
for an additional 20 - 24 h,

Run CH, I Tempe-| Bed Stay CH3131I removal
loéding rature| depth| time efficiency (%)
No. (ug/g)# (OC) (em) (sec)

1 130 200 2.5 0.07 99.9843
5.0 0.1l 99.9978
2 150 300 ) 0.058 99,9871
5.0 0.116 99,9982
3 540 650 2.5 0.10 99,9760
0.20 99.9979

* ug CHBI per g molecular sieve, calculated for 5 cm bed
depth.
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Table V. CH31311 REMOVAL EFFICIENCY OF Ag-IMPREGNATED
MOLECULAR SIEVE IN DRY HELIUM AT 200 AND BOOOC.

Molecular sieve and test beds: the same as in Table II, but
only two successive test beds.

Sweep gas: He, atmospheric pressure, superficial velocity for
injection time and an additional 2 h of gas flow:
15 m/sec.

Duration of He-flow: Pre-conditioning with hot He (80 1/h):
21 h, CHBI injection: 1 h (He gas flow for injection
time: 440 1/h), hot He flow continued for an
additional 2 h with 440 1/h and 18 h with 80 1/h.

Run | CH,I Tempe- | Bed | Stay | CH, 00T
_ loéding rature depth| time re%oval‘efficiency
No. (ug/g):’k (°c) (em) (sec) (%)
1 80 200 2.5 . 99.9937
5.0 0.2 (99.9980)
2 160 300 2.5 0.1 99.9993
(99.9995)

*<ug CH,I per g molecular sieve calculated for 5 cm bed

depth. () = activity of the test bed near background,
therefore, data for removal efficiency too low.

.
.
b
|
%
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Table VI. CH3131I REMOVAL EFFICTENCY OF Ag-TMPREGNATED
MOLECULAR SIEVI BEFORE AND AFTER AGING IN SUPERHEATED
STEAM,

Conditions for CH 1311 removal test.

3

Molecular sieve: the same as in Table II, aged with super- .

heated steam and dried.

Test beds: the same as in Table IT.

Sweep gas: air, atmospheric pressure,temperature: 307°C,
R.H.:70 %,superficial velocity 15 m/min.

Duration of air flow: pre-humidification > 22 h,
CH,I injection: 0.5 - 2 h, wet air flow continued

3
for an additional 20 - 22 h,

Experimental conditions for CH31311 REMOVAT, EFFTICIENCY (%)
. steam aging of molecular
sieve
Tempe-| Pres~ |{Steam |Time of |CH,I. Bed depth (cm)
rature| sure |flow steam loéding 2.5 5.0 7.5 10.0
flow :
o % Stay time (sec)
(7C) | (atm) [(kg/h) | (h) (mg/g) 0.1 0.2 0.3 0.4
0.01 73.52 [ 94.25 198.85 199.79
no aging
1.5 73.72 [ 94.30 |98.85 99.76
235 30 ~ 300 16 2.0 48,08 | 75.28 |88.46 qlU,67
235 30 ~ 300 32 2.2 26.61 | 45.53 |61.59 7%.85
510 140 ¥ 300 16 2.2 0.28 0.54 0.72 0.91
510 140 = 3500 32 0.016 0.004{ 0.008| 0.0013 -

* mg, CHBI per g molecular sieve, calculated for 10 cm bed depth.




CH,'*'1 PENETRATION (%)

102 — X —- Y —16 -
- TEST CONDITIONS:
AN
\\ | o/e= ROOM AIR, DRY BEDS
— CH,I INJECTION : 15 min,
\Vi AIR FLOW CONTINUED FOR
AN ADDITIONAL 2 min.
10" © = 24°C, 22% R.H.
® = 24°C, 17°% R.H,
V = WETAIR, 85 % RH. 30°C,
\ PRE-HUMIDIFICATION: 24h,
— CH,1 INJECTION: 1h
X\ AIR FLOW CONTINUED FOR
\_\ AN ADDITIONAL 17h.
10° A\
11
_m
1
I
10" \ \
1 )
1 |1
| WY
WA
\
1
m
10” \, \
v 1
f ‘ LAY
I WA
1 1
L\
\ \\
107 #
25 50 7.5 100 BED DEPTH (cm)
0.1 0.2 0.3 04  STAY TIME (sec)
Fig.1  PENETRATION OF CH;'’'l THROUGH LINDE MOLECULAR

SIEVE TYPE 13X
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TEST CONDITIONS:

WET AIR, 30°C.
PRE-HUMIDIFICATION = 20h,

CH,1 INJECTION: 1h,
AIR FLOW CONTINUED FOR AN

ADDITIONAL 20-22h.
PENETRATION ACCUMULATED

OVER 21-23h.

o = 25cm BED DEPTH
° 5.0 cm BED DEPTH
X : 7.5cm BED DEPTH
v 10.0 cm BED DEPTH

GO—t

PENETRATION (%)

CH313’I

40 25(%) R.H.

Fig. 2 PENETRATION OF CH,'’'I THROUGH Ag-IMPREGNATED
MOLECULAR SIEVE LINDE13X AS A FUNCTION OF THE
RELATIVE HUMIDITY.




CH,">'l PENETRATION (%)

102 - 18 -
S
— TEST CONDITIONS:
W N WET AIR, 30°C
W\ N PRE-HUMIDIFICATION = 20h,
W R CH, 1 INJECTION: 1h,
\\ N AIR FLOW CONTINUED FOR AN
. \\ \ ADDITIONAL 20-22h.
10’ e N - PENETRATION ACCUMULATED
‘\\ T\\‘\\ - S| OVER 21-23h,
\\\‘ \\ \\ . 100°% R.H,
© = 85°% R.H
‘\X \ \ X\ v = 70°/o R.H.
\\ \ ® = 55°% RH,
\ \ \ |\ x = 40°% RH
= 25% R.H.
10° \ \ \ XK \ °
1% N
L\ AW \ b4
Y \ A\
A\ \ \
\ \ \
\ 1\ \
\\ )
7,\ \ \
10” \ \ \
\ \ AY
\\ % \\Q_
\\ \‘
%
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\ L
107 X \
\\
AN
\ \
\ \,.
\\ \
\ (o
10° \
25 50 75 100 BED DEPTH (cm)
0.1 0.2 0.3 "~ 04 STAY TIME (sec)

Fig:3 PENETRATION OF CH,"'I  TROUGH Ag-IMPREGNATED

MOLECULAR SIEVE LINDE 13X
BED DEPTH.

AS A FUNCTION OF THE




TEST CONDITIONS: - 19 -

WET AIR, 30°C, 70% R.H.
PRE-HUMIDIFICATION = 20h
CH,1-LOADING = 350 ug/g
(calculated for 10 cm bed depth) o
CH;31 INJECTION: 1-2h

2.5cm BED DEPTH
5.0cm BED DEPTH
7.5¢cm BED DEPTH

o]
"

AIR FLOW CONTINUED FOR AN v = 10.0cm BED DEPTH
ADDITIONAL 20- 22h,
100
<
75 ’
4
N
(&)
pd
1]
o
i
(I
w
< 50
o 4
=
L
o
.,
(&
. /
X
!

’ ¢

(9 Ag/g MOLECULAR SIEVE)
{as delivered)

Fig. 4 CH,°'I REMOVAL EFFICIENCY OF MOLECULAR SIEVE LINDE 13X

AS A FUNCT_ION OF THE Ag-IMPREGNATION, 70° R.H.




CH,’'l REMOVAL EFFICIENCY (%)

TEST CONDITIONS:

WET AIR, 30°C,100%

- 20 -

R.H.

PRE-HUMIDIFICATION = 20h
CH,1-LOADING =< 350 ug/g
(calculated for 10cm bed depth)

CH,I INJECTION: 1-2h

AIR FLOW CONTINUED FOR AN

ADDITIONAL 20-22h.

4 O X ©

2,5¢cm BED DEPTH
5,0cm BED DEPTH
7.5cm BED DEPTH
10.0cm BED DEPTH

i

100
/V’
75
/ o=
v
o
50 /
x-—
> Sonn
25 / o o~
Y
p
Y
Z
0 02 0/4 0
(g Ag/g MOLECULAR SIEVE)
(as delivered)
Fig.5 CH, "'l REMOVAL EFFICIENCY OF MOLECULAR SIEVE LINDE 13 X

AS A FUNCTION OF THE Ag-IMPREGNATION, 100°% R.H.






