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ABSTRACT

A standardized nondestructive and more generally applic-
able test for installed carbon beds that are used in reactor
containment facilities is belng developed by the Savannah
River Laboratery. Continuing tests show that the permissible
ranges of alr velocity and HzC content of the carben are
increased significantly by substituting "F-11" or "F-114B2"
for "F-12" - & more volatile "Freon" that was used in an
earller testing method.
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FOR REACTOR CONTAINMENT APPLICATIONS
PROGRESS REPORT: APRIL -~ JUNE 1964

INTRODUCTION

Radiocactive particles and halogen vapors (principally '3'I) that
might be released accidentglly into the buildings of Savannah River
Plant (SRP) reactors are removed by passing the exhaust ventilating
air through particulate filters and carbon beds'™® Standardized
tests are available for evaluating the particulate filters (dioctyl-
phthalate-aercsol penetration tests(*~®)). The carbon beds are tested
for absence of leak paths by a nondestructive technique in which
"Frecn-12"# 1z used as a stand-in for iodine. Development of this
technique by the Savannah River lLaboratory (SRL) is discussed in
progress report DP-870¢7).

The "F-12" technique, however, ig limlited to testing carbon beds
before f£ield installation with air at a maximum velocity of 20 ft/min,
and with the carbon contalning no more than 5% adsorbed Hy0., In actual
plant installations, air velocities up to TO ft/min and relative
humidities up to 75% (~25% Hy0 content of carbon at equilibrium) are
encountered. Ieaks amounting to 0.1% of the total flow are difficult
to detect, because over 0.1% of adsorbed "F-12" desorbs from the carbon
in about 1 minute when exposed at these maximum plant conditions. About
5 minutes is required to evaluate the performance of installed carbon
beds,

Because of the above limitations, work was undertaken to develop
a gtandardized nondestructive test that is mcore generally applicable
for installed carbon beds. As discussed in progress report DP-910, the
limitations imposed on alr velocity and adsorbed Hy0 were reduced
significantly by the use of "F-11" (CClzF) which is less volatile than
"F-12" (CCl,¥,). This report and subsequent gquarterly reports will
discuss the progress and results of the new work.

*"Preon" and combinatiocns of "Freon-" or "F-" with numerals are
Du Pont's registered trademark for Its fluorinated hydrocarbons,
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SUMMARY

The adsorption characteristics of "F-114B2" (CBrF,-CBrF,, b.p.
47.3°C) on activated carbon were shown to be significantly better than
those of "F-11" (b.p. 23.8°C). When carbon beds containing ~20%
adsorbed Hp0 were exposed to air at ~30°C flowing at 70 ft/min, the
adsorption efficiency for "F-114B2" was 99,93+% after 5 minutes of
exposure. The adsorption efficiency for "F-11" was 99.89+% when
evaluated at the same conditions with carbon containing only ~13% H:O.

The efficiency for adsorption of "F-114B2" on carbon decreases
rapidly at H,0 content above 20%. Moderate decreases in alr velocity
increase the time required to reduce the adsorption efficiency of
"F_114B2" teo 99.90%.

The minimum sensitivity for detection of "PF-114B2" in air with an
electron-capture-type instrument was 0.0005 ppm; it was 0,0003 ppm for
"F-11". All tests were made with an inlet "Freon" concentration of

5 ppm.

The adsorption efficiency of "F-11" on carbon decreased rapidly
at alr temperatures above 30°C and when evaluated at an alr velocity
of 70 ft/min with carbon containing ~13% adsorbed H0.

Tests are in progress with "F-112" (CCl,F-CC1l.F, b.p. 92.8°C).
Construction was started on a facility for "Freon" testing of large
carbon beds. Tests with "F-21" (CHCLl,F, b.p. 8.9°C) were terminated
because of poor sensitivity of detection,
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DISCUSSION
TEST RESULTS

Adsorption tests of "Freon" compounds that are less volatile than
"F-12" (b.p.-29.8°%C) were continued in the small-scale apparatus described
in DP-910. New activated carbon beds (3 inches in dlameter and 1 inch
thick) containing up to ~22% adsorbed Hp0 were exposed to alr velocities
to 70 ft/min and temperatures to 33°C. All test beds were prepared in
a similar manner to eliminate the bed characteristics as a variable.
Results for "F-11" (CClgF, b.p. 23.8°), "F-21" (CHC1.F, b.p. 8.9°C),
and "F-114B2" (CBrF,-CBrFz, b.p. 4#7.3°C) are discussed below,

“Freon- 11"

Previous testes (DP-910) showed that "P-11" could be used as a
tracer at air velocities to 70 ft/min with carbon containing up to
12.5% adsorbed H,0. New tests showed that air temperature has a signi-
ficant effect on the efficiency for adsorption of "F-11" when tested
at the limlting veloeity and Ho0 content.

Figure 1 shows the "F-11" adsorption efficlency of three carbon
beds tested at 70 ft/min, H,0 content of ~12,5%, and temperatures of
20.5 to 33°%C. As the temperature increases, the adsorption efficlency
at a given time decreamses, but at temperatures above ~30°C, the
adsorption efficiency decreases rapidly. This effect is also shown
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FIG. 1 “FREON-11" ADSORPTION EFFICIENCY




in Figure 2, in which temperature is plotted against the "F-11"
adsorption efficiency 4 minutes after injection of "F-11" is started.
No further work is planned with "F-11" because of the more promising
results cbtained with less volatile "Freons”.
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FIG. 2 EFFECT OF TEMPERATURE ON ‘*FREON-T11"" ADSORPTION EFFICIENCY

“Freon-21"

Preliminary tests of "F-21" showed that the minimum detectable
"F-21" concentration in alr was ~1 ppm, which is relatively insensitive
when compared to that of "F-11" (0.0003 ppm). No further tests are
planned with "F-21" because of this decreased sensitivity and the large
volumes of "F-21" that would be required for in-place testing of large

carbon bed installations.

“Freon- 114B2"

The adsorption characteristics of "F-114B2" on activated carbon
were significantly better than those of "F-11". Satisfactory tests
were obtained with "F-114B2" when carbon beds containing up to ~20%
adsorbed water were exposed to ailr at ~30°C flowing at 70 ft/min. The
improved adsorption characteristics are probably due to the higher
boiling point of "F-114B2" (47.3°C as compared to 23.8°C for "F-11").
The previous maximum Hz0 content of carbon for an acceptable test was

~12.5% with "F-11".
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Filgure 3 shows the results
of four tests (Curves A, B, C,
and D) on carbon beds tested
with air at ~30°C flowing at
70 ft/min with carbon contain-
ing from 11.9 to 21.9% adsorbed
H-C0. Acceptable tests were
obtalned with carbon contalning
up to ~20% adscrbed H.0. Above
~20% adscrbed Hz0, a slight
increase in the HzC content
reduced significantly the
adsorption efficlency for "F-
114B2". The effect of Hy0
content 1s shown more clearly
in Figure 4 where HpO content
ig plotted against adsorption
efficiency 4 minutes after the
injection of "F-114B2" is
started.
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The 1imit on Hy0 content was extended slightly by decreasing the
face veloclty. When carbon containing ~22% adsorbed Hy0 was tested at
a velocity of 60 ft/min, the "P-114B2" efficiency decreased to 99.90%
'in 5.5 min (Curve E, Figure 3) as compared to ~2 min when tested at
70 ft/min with the same H,0 content (Curve D, Figure 3),.

Calibration of the electrcn capture detector {(DP-870) showed that
the minimum detectable concentration of "F-114B2" in air is ~0.0005 ppm
(Figure 5), which is comparable to that of "F-11". "F-114B2" was
injected at the same upstream concentration (5 ppm) that was used in
the "F-11" tests. Lower inlet concentrations of "F-11" and "F-114B2"
reduce the carbon bed loading when compared with "F-12" (500 ppm
injected upstream).
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FIG. 5 *'FREON-114B2" CALIBRATION OF ELECTRON CAPTURE DETECTOR
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Chromatograph columns used to separate "F-114B2" from 0, in air
gsamples were the same as was used previously. They consist of a stainless
steel tube (10 feet long and 3/32 inch in ID) packed with 30% SF-36 on
45/60 "Chromosorb™* P, All previously examined "Freons" reguired
1 minute to complete the separation; "F-114B82" required ~1-1/4 minutes.

No attempt was made to improve the separation time, but it is believed
the time can be reduced by elther 1lncreasing the N, flow rate, increasing
the oven temperature, decreasing the colurmn length, or decreasing the

per cent of 8F~-96 on the column.

TEST DEVELOPMENT FACILITY FOR FULL-SIZE IODINE ADSORBERS

Construction was started on the facility described in DP-910 to
develcp a standardized nondestructive test for full-slze iodine adsorbers.
It was ~30% complete as of June 30, 1964,

#* "Chromosorb" is a registered trademark of Johns-Manville Company.
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