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ABSTRACT

Develcpment of a standardized, nondestructilve and
more generally applicable test for installed carbon
beds that are used In reactor containmment facilltles
was started by the Savannah River Laboratory. Tests
showed that the limitations 1mpcsed on alr velocity
and on Hz0 content of the carbon by an earller testing
method were reduced significantly when "Frecns" with
higher bolling points were substituted for "Freon-12".
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NONDESTRUCTIVE TEST OF CARBON BEDS FOR
REACTOR CONTAINMENT APPLICATION
PROGRESS REPORT: JANUARY-MARCH 1964

INTRODUCTION

Radioactive particles and halogen vapors (principally
1317) that might be released accidentally into the bulldings
of Savannah River Plant (SRP) reactors are remcved by passing
the exhaust ventilating air through particulate filters and
carbon beds'27®) Standardized tests are available for
evaluating the particulate filters (dioctylphthalate-aerosol
penetration tests(4#7®)). The carbon beds are tested for
absence of leak paths by & nondestructive technique in which : ;
"Freon-12"* is used as a stand-in for iodine. Development of
this technique by the Savannah River Laboratory (SRL) is
discussed in progress report DP-870!7!,

The "F-12" technique, however, 1s limited to testing
carbon beds before fleld installation, with air at a maximum
velocity of 20 Ft/min, and with the carbon containing no
more than 5% adsorbed H,0. In actual plant installations,
alr veloclitles up to 7O ft/min and relative humidities up
to 75% {~20% Ho0 content of carbon at equilibrium) are
encountered., ILeaks amounting to 0.1% of the total flow are
difficult to detect, because over 0.1% of adsorbed "P-12"
desorbs from the carbon in approximately 1 minute when
exposed at these maximum plant condltions. About 5 minutes
is requlred to evaluate the performance of installed carbon
beds. Because of these limitations, work was undertaken to
develop a standardized nondestructive test that is more
generally applicable for installed carbon beds. This report
and subsequent quarterly reports will dlscuss the progress
and results of the new work.

* Preon! and combinations of "Freon-" or "F-" with numerals
are Du Pont's registered trademarks for its fluorinated
hydrocartons.




SUMMARY

Tests showed that "Freons" with bolling points higher
than "¥F-12" reduces significantly the limitations of air
veloclty and Ho0 content of the carbon imposed by the current
"F-12" technique. "F-114" (b.p. 3.6°C) and "F-11" {(b.p.
23,8°) did not desorb from carbon beds nearly as rapldly as
"F-12" (b.p. -29.8°C). (See Table I for summary of properties.)

T T T B T e

The adscrption efflciency of small-scale carbon beds for
"F-11", after 5 minutes of exposure tc a mixture of "F-11"
and with 25°C air flowing at a velocity of 70O ft/hin wasg:

& 99.99+% when the carbon was dry (<0.5% adsorbed water)

e 99.93% when the carbon centained 12.5% adsorbed water
~(relative humidity in air of ~50% at equilibrium)

Although "#-11" desorbs more slowly than "F-12", a second
leak test with "F-11" could be made after the "F-11"
adsorbed on the carbon during an initial test was desorbed
by exposing the carbon to normal air flow for 4 days.
"F-114" penetrated carbon beds more rapidly than "F-11" but
less rapidly than "F-12". Evaluation of other "PFreons" 1is

in progress.

The minimum sensitilvity for detection of the "Freons'
in air with an electron capture type instrument ‘7’ was
.03 ppm for "F-12" and "P-114" and <0.001 ppm for “F-11".
The sensitlvity of the detector for halogens generally
Increages considerably wilth increasing atomle weight of the
substituting halogen atoms. Similarly, the sensitivity
increages with an increasing number of the halogen atoms in
the compound. Because of the lmproved sensitivity fer
detection of "F-11", the tests were made with an inlet
"F-11" concentration in air of 5 ppm, as compared to 500 ppm
with "F-12" and "F-114".

A facllity was designed for the development of a stan-
dardized nondestructive test for iodlne adsorbers. The
adsorption and desorption characteristics of various "Freons”
can be evaluated on full-size carbon beds under the following

test conditions: L

e Alr flow 100 to 2000 cfm
e Alr temperature 15 to 120°¢
® Relative humidity 10 to 95%

The facility was also degigned for testing full-size beds
with stable iodine vapor tc develop correlatlong between
"Freon" and iodine vapor penetration of carbon beds.

-6 -
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DISCUSSION
TEST EQUIPMENT

Small - Scele Focility

Screening tests of varilous "Freons" are being ccnducted
in a small-scale facllity designed tc determine the major
effects of face velocity, temperature, and H,O content of
the carbon on the "Freon" adsorption characteristics. The
most promising "Freons" will be selected from these tests
for further evaluatlon 1ln a faclility that is deslgned for
testing full-size carbon beds for actual plant installations.
The small-scale facility consists of three baslec systems:

¢ Carbon Bed Test Center
¢ Humidification and Air Flow Control System
e "Freon"-Air Dilution System

All systemz are shown schematicalily in Flgure 1 and thelr
funetlione are explalned below.

To Hood ik

Exhoust .
Particulate | ;
Filter | Prassurs
i ) | .‘
TR | .
T [ | : |
i g b
| ] (o) {b) {o) | From ?
| "Freon”
| | X Supply
0-s érml Lo ; | | | on
omm')er H,O Scrubber ] | ] Supply
o e

P M e e o
HUMIDIFICATION 8 AIR FREON"-AIR DILUTION SYSTEM
FLOW CONTROL SYSTEM

r——————_—_——— = — - ™  To Hood
120V, 60~ 1 Exhaust
] Rutotransformer
| \u*u -inch dia. “Pyrex” pipe wet Bulb
Heating Tape Mixing Orifice
] ,L(Thermometert/ OSample to [ Thermomeler
_ i l ,Detection Sys.
T {/ . - |
| Insulation Test Carbon Manometer !
]_ Bed __].
_______ 3TI-ap0

CARBON BED TEST CENTER

FiG. 1 DIAGRAM OF SMALL-SCALE FACILITY FOR EVALUATION
OF “FREON'" ADSORPTION CHARACTERISTICS
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Carbon Bed Test Center

The test center consists of 3-inch-diameter "Pyrex"*
plpe. BSmall-scale mockups cf a secticn of the carbon bed
from a full-size unit'®! are installed between two flanges
of the pipe. The test beds, shown in Figure 2, are 1 inch
thick and are packed with actlvated carbon made from coconut
gshelle; the physical and chemilcal properties of the carbon
are discussed in DP«778(1‘. Supply alr for the facility is
preheated, 1f required, to the desired cperating temperature
(from 25 to 100°C) by an electrical resistance heater wrapped
onn the "Pyrex" pipe upatream of the test bed. A mixing
orifice is located downstream of the bed te prevent possible
channeling of "Freon" along the walls of the pipe. The
downstream air, after sampling for "Freon'", 1s exhausted to
a hood and removed from the buillding. :

. Handle
2024 Aluminum

FIG. 2 SMALL-SCALE CARBON BED

Humidification and Air Flow Contrcl System

4

Activated carbon adsorbs Hz0 vapor from alr in proportion

to the relatlive humidity (R.H.). When exposed to alr at 75%
R.H., activated carbon adsorbs about 20%, by welght, Ho0 at

* Tredemark of Corning Glass Works.
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equilibrium conditions.:fPfevious tests have shown that the
Hz0 content of the ¢arbon has a significant effect on the
adsorption characteristics of "Freon-12"{77,

The Humidification and Air Flow Control System was
designed to supply elther dry or humld air to the test
facility for evaluatlon of the effects of H,0 content of
the carbon on the adsorption characteristies of candidate
"Freon" compounds. - When dry alr 1is required, the supply air
is passged directly to the test center {$hrough rotameter
No. 1, as shown in Figure 1). The R.H. of the supply alr
is 10% and is considered dry for test purposes. When humid
air 1s required, part of the ailr 1s passed through a H0
scrubber to saturate the alr with H,0. The R.H. of the main
air stream is controlled by the fractlon of air that is
passed through the scrubber. The effluent from the scrubber
is passed through a particulate filter to remove any entrained
H:0 particles. At an alr velocity of 70 ft/min upstream of
the carbon bed, air with a R.H. up to 55% can be supplled tc
the test facility. The test carbon bed 18 exposed to test
conditions untlil the Ho0 content of the carbon is in equi-
librium with the R.H., of the air.

"Freon"-Air Dilutlon System

Thils system 1s used to calibrate the electron capture
type instrument'!?) for the candidate "Freon" compounds. The
system has three stages of dilution (Figure l) with two
rotameters in each gstage. &Hach stage has a maximum dllution
factor of about 1000. Rotameters labeled with lower-case
letters in Figure 1 are calibrated for a minimum flow of
15 ce/min; those labeled with capltal letters are callbrated
for a maximum flow cf 15,000 cc¢/min. Concentrations of
"Freon" in air from ~0.001 to 0.% ppm {by volume) can be
prepared with the system; the maximum error in the "Freon'
concentration 1s *15%.

"Freons" with boiling points (b.p.) <10° are super-
neated gases at normal test conditions (air at temperatures
of 25°C and at pressures of 20 psia) and are supplied to the
test facility in a gaseous state through a calibrated rotam-
eter. Samples of "Freons" that are normally in a liquid
state are prepared by vaporizing a measured quantity of the
"Freon" into a cylinder containing a known volume of alr;
the unsaturated "Freon"-ailr mixture is then supplied to the
test facllity as described above. The physical propertiles
of the "Freons" considered in the test program are summarized
in Table I.
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TABLE I

Physical Properties‘s’ of Selected "PFreons" Consldered
for Improved Adsorption Characteristics

"F-12" "F.(318"  Mp-114" "F.21" "F.11" "F-114B2" "p-113" "F.112"

Chemical formula CClP; C,Fg CC1lFo-  CHCO1F  CClgF CBrF o- CC1F- CCLgF-

(eyclic) CC1F, CBrF, CC1F . CelF
Moleaular weilght l2¢.9 20C.0 170.9 102.9 137.4 259.9 187.4 203.9
Beiling point at i atm, °C ~29.8 -5.8 3.6 8.9 23.8 47.3 ur.6 92.8
Freszing point, °C -158 AL ok -135 13l 2105 -35 23.8
Critical temperature, °C 112 115.3 145.7 178.5 198 21,5 214%.1 278
Critical pressure, atm 40,6 27.5 3z.1 51 43.2 34.0 33.7 34
Critical volume, ¢o6/mol 217 323 293 137 2u7 329 328 370
Critical density, g/cc 0,558 0.620 0.582 0.522 0,554 0,790 0,576 0.55
Denaity, liquid at 30°C, glee 1.292 1.480 1.4%40 1.354 1.464% 2,148 1.553 1.;534
Density, aat. vapor at b.p., g/1 6.33 g.62 7.82 4.57 _ 5.85 - 7.38 7.02
Solubllity of "Freon" In water at 0.028 - 0.013  ©.95 0.11 - o.017(8) 5, 012(a)

1 atm end 25°, wt %

Toxicity(b) Group 6 Probably Group 6 <Oroup 4 Group S8 <Oroup 4  <Group 4 <Group 4

Group 6 >Group 5 >0roup 5 >Group 5 >Group 5

a) 3aturation preasure.

{t) Underwriters' Laboratorles Classificatlon of Comparative Life Hazard of Gages and Vapors {Group 1 la most
toxic and Group & 18 least toxic). S8ee Table III of Reference 8.

Test Development Facility for Full - Size lodine Adsorbers

Deslign of a facllifty for the development of a standard-
ized nondestructive test of full-size carbon beds was
completed. A flow diagram of the facility 1s shown in
Figure 3. The faclility will be used for detalled evaluatiocns
of the adsorptlon and desorptlon characteristics of the most

: promising "Freons" on SRP production carbon beds (over-all
dirensions: 24 x 24 x 12 inches deep), as well as beds of
different designs, and for standardizaticn of technlques
under the followlng test conditions:

e Alr flow 100 to 2000 c¢fm
e Alr temperature 15 to 120°C
¢ Relative humidity 10 to 95%

The facility was also designed for testing full-size beds
with stable iodine vapor ( *27T) 8o that correlatiocns could
be developed between "Freon" and *27I penetration of carbon
veds. %71 will be detected with the same instrument used
for detecting "Freons" - the electron capture detector; the
sensltivity of the detector for 1271 1s estimated to be
between 0.C01 and 0.0l ppm.

R P R AL BT i e S AT .
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FIG. 3 FLOW DIAGRAM OF TEST DEVELOPMENT FACILITY FOR
FULL -5IZE IODINE ADSORBERS

The facility was deglgned for total recirculation of
conditioned alr to reduce the refrigeration and drying
requlrements. Once-through operation was alsc provided %o
degsorb "Freon" from test carbon beds and for purging of the
gystem. The facility is composed principally of three
systems: (1) the alr flow system, (2) the alr conditioning
system (both temperature and humidity control), and (3) the
"Freon" tracer system. A more detailed descriptiocn of the
facllity is given In the Appendix.

RESULTS
“Freon’’ Detector Response

Determination of the response of the electron capture
detector and chromatograph for the test "Frecns" was started.
The 1nstrument and 1ts operating detalls were discussed In
DP-870. When sample concentrations of either "F-114" or
"P-11" in alr were injected into the instrument, the existing
chromatograph column produced adequate resolution of 0, and
the test "Freon". The column was operated at 75° for "F-1123"
and at 120°C for "F-11" as compared to 50°C for "F-12"!71,
Higher column cperating temperatures were required to elute
more rapldly "Freons" with higher b.p. and to produce sharper
reaks on the chromategram. The decreased time for analysis
permitted more rapld sampling, and the sharper peak increased
the sensitivity of detection. Preliminary results indlcate
that the higher column temperature may shorten the 1life of

- 11 -




the- Tumn e of partial elution of the column stationary
‘phase (SF=96*).. :However, the higher temperature reduced the
drift in the base-line signal due to accumulation of small
quantities of O, that was not eluted completely from the
column when operated at 50°C!7'. The efficiency of the

column was satisfactory for separating O, from either "F-114"
or "F-11"; mcderately sharp "Freon" peaks were recorded.
'Although'the optimum sensitivity was not achleved wlth the
present column, sufficient sensitivity existed for evaluaticn
of the "Freons". Refinements in equipment and technique will
not be started untll after final selection of the best tracer
compound. The existing column was fceund unsuited fer "F-C318",
because 1t falled to provide adequate separation between the
0, and "F-C318". This lack of peak resolution prevented
calibration of the detector for "F-C318". Other chrometograph
columns were ordered to provide adequate separation cf "F-C318".

Calibrations of the electron capture cell for "F-114"
and "F-11" are shown in Figures 4 and 5. For comparison,
the calibratlen curve for "F-12" 1s shown in Figure 6. A
comparigscn of the callbration curves reveals that the minimum
sensitivity for detection of the "Freons" in alr with the

Electrometer Settings
input Impedance - 107 ohms

Qutput Sensitivity - 1X
" Attenvator - 1X
Detector Standing Current - 200 Recorder Units
1 Recorder Unit - 3.5 » 10°"! ampere .

Oven Temperaturs - 75°C

N, Carrier Gas Flow - 50 cc/min /0
12 /
8 | //
bl
4 /

Q
0 ITI-953

0 100 200 .300 400 .500

Pedk Height, Recorder Units

“Freon - 114" Concentration in Air, ppm

FIG. 4 *'FREON-114" CALIBRATION OF ELECTRON CAPTURE DETECTOR

* 30% SF-96 on 45/60 mesh "Chromosorb" P made by Johns-
Manville Company.
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Electromater Settings

Input Impedance- 107 ohms

Qutput Sensitivity - 1X

Attenuator - 1X

Detector Standing Current - 200 Recerder Units

1 Recorder Unit - 3.5 x 10°7! ampere
Qven Temperature - 120°C
Nz Carrier Gas Flow - 50 c¢/min

» A°

e
o pd

/J

30

Peak Height, Recorder Units

0 | ATI-854

0 002 .004 006 008 010
“Freon- 11" Concentration in Air, ppm

FIG. 5 "FREON-11" CALIBRATION OF ELECTRON CAPTURE DETECTOR

“ /-

i

Peak Height, Recorder Units

12 / - l

Electrometer Settings

Input Impedance - 107 ohms
Quiput Sensitivity - |X
) dl Attenuator -1X

Detector Standing Current - 200 Recorder Units

| Recorder Unit-3,5 X 10”1 ampaere
Oven Temperature - 50°C

N Carrier Gos Flow - 50 ec/min

1 ) 1 ATI-858

0 100 200 2200 400 300
“*Freon- 12" Coacentration in Air, ppm

FIG. 6 "FREON-12" CALIBRATION OF ELECTRON CAPTURE DETECTOR
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cell was ~0.030 ppm for "F-114" and "F-12" and <0.001 ppm
for "F-11". The minimum detectable "F-11" concentration was
estimated to be ~0.0003 ppm. The increased sensitlvity for
"F-11" was expected, because the sensitivity of the detector
for halogens generally increases wilith beoth atomlc weight and
increasling number of halogen atoms in the compound. The
effect of atomle weight 1s large. Thils Increased sgensiltivity
for detectlon of "F-11" is signhificant. The upstream con-
centration of "F-11" in a test of a carbon bed is reduced

by & factor of 100 below that used in the "F-12" test (5 ppm
instead of 500 ppm), and the same capability to detect a
leak path 1s maintained. The reduced 1nlet concentration

of "F-11" would also reduce the total loading of "F-11" on
the carbon and therefcre reduce the time requilred to desorb
the "Freon" with higher bolling points from the carbon in
applicaticons requiring fregquent and repetlitive tests.

Adsorpticn of ““Freons’” on Activated Carbon

Adsorption tests were started with "F-114" and "FP-11"
on small-scale carbon beds in the small-scale facillity
(Figure 1). The first series of tests was conducted with
dry carbon and with alr flowing at 25°C and at a velocity
of 20 ft/min. Typlcal curves of the adsorption efficiency
of "F.12", "F-114", and "F-11" under these condltlons are
shown in Figure 7. The adsorption efficiency (1) decreased
to 99.90% for "F.12" in 10 minutes (Curve A), (2) decreased
to 99.90% for "F-114" in 38 minutes {Curve B), and (3) was
8till in excess of 99.99% for "F-11" after 27 minutes when
the test was stopped (Curve C). The tests were conducted
wlth an inlet "Freon" concentration of 500 ppm for "F-12"
and "F-114" and with 5 ppm for "F-11". The effect of inlet
concentration on the adsorption of "Freon" on carbon has not
been determined as yet. No significant effect is expected
wilth dry carbon during the initlal stages cof adsorption,
because masg transfer is probably the controlling mechanlsm.

The second series of tests was conducted with "F-11"
at higher alr velcclities and with carbon contalning a greater
amount of Hp0. In Figure 8, the adsorption efficiency for
"p_11" at three test conditions (Curves A, B, and ¢) is
compared with "F-12" at similar conditions (Curve D). At
an alr velocity of 70 ft/min and after 5 minutes of exposure
to "F-11" at an inlet concentration of 5 ppm, the adsorption
efficlency was 99.99+% when the carbon was dry (Curve A)
and 99.93% when the carbon contained 12.5% Hy0 (Curve B).
When the alr velocity was reduced to 35 £t/min (Curve C),
the "F-11" adsorption efficilency was 99.99+% after 5 minutes
and with carbon containing 12.5% Hs0. The "F-12" adsorption

- 14 -




““Freon” Adserption Efficiency, %

100.00 —0————-0—O—~—-Oc——
-'O'—O_._Q_'O\Bo\
99.98 m—
——)
N
99.96 |— Test Conditions:
. Curve A. "'Freon- 12" on Dry Carbon,
99.94 20 ft/min Face Velocity
’ B. “Freon- 114" on Dry Carbon,
20 ft/min Face Velocity -
9992 L C. "Freon-11""on Dry Carbon,
A 20 ft/min Face Velocity
99.90 \o
99.88 |— -]
99»86 STt- 857
0 4 8 12 16

Time ofter ““Freon”’ Injection, minutes

FIG. 7 ADSORPTION EFFICIENCY OF "'FREONS' ON DRY CARBON

A
100.00 w— g ¢ et ¢ S
-——O\O\O\

\ c
99.98 |1

\ B
99.96 r"l\ Test Conditions

O
i Curve A. “‘Freon-11",<0.5% H,0 on Carbon,

99.94 - 70 ft/min Face Velocity

“‘Freon‘’ Adsorption Efficiency, %

| B. “Freon-11", 12.5% H,0 on Carbon,
99.92 | 70 ft/min Face Velocity
o | O C. "Freon-11", 12.5% H,0 on Carbon,
D 35 ft/min Face Yelocity
99.90 l D. ‘‘Freon-12,~10% H,0 on Carbon,
] 70 f/min Foce Velocity
99.88 |
99 86 §TI-636
0 4 8 12

Time after “'Freon’’ Injection, minutes

FIG. 8 EFFECT OF INCREASED FACE VELOCITY AND H,0 CONTENT
OF CARBON ON “FREON-11"" ADSORPTION EFFICIENCY

- 15 -




efficlency was 99.90% (Curve D) in ~1 minute when tested
under similar conditions. All of the tests were conducted
with alr at a temperature of ~25°C. From these tests, it is
apparent that "F-11" reduced sighificantly the limltaticns
of velocity and Ho0 content of the carbon on the existing
"F-12" technique. Further tests of "F-1l1" with carbon con-
taining greater quantities of adsorbed Hp0 and tests of
"F-114B2" (b.p. 47.5°C) are in progress.

A test with "F-11" also showed that a satisfactory
repetitive test of a carbon bed can be made after the "F-11"
adsorbed on the carbon during the initial test is partlally
desorbed. The second test was made cn the same carbon bed
and under the same test conditions (70 ft/miln face veloclty
and 12.5% H,0 content of carbon). After the first "F-11"
test, the carbon was exposed for %4 days to ambient air
flowing at 70 ft/min and with a relative humidity of ~50%.
Over 05% of the "F-11" was desorbed, and the residual concen-
tration of "F-11" in the alr downstream of the bed was about
1 ppb at the end of the desorption period. The adscrption
efficiency of the carbon bed for "F-11" in the second test
wasg almost identiecal to that measured in the first test when
corrected for the residual "F-11" concentration.

- 16 -

B LRI TS AT TR e R T T T




APPENDIX — DESCRIPTION OF TEST DEVELOPMENT FACILITY FOR
FULL.SIZE IODINE ADSORBERS

Air Flow System

The alr flow system 18 composed of a blower, duct, and
butterfly valves for control of alr flows from 100 to 2000
¢fm. The hlower 1is rated for a maximum air flow of 2000 cfm
at a total developed head of 12 inches H 0, gage. A Tlow
diagram of the test facillty is shown in Figure 3. Module
No. 1 contalns air conditiconing units, described below, and,
Module No. 2 contains the tesat carbon bed. Mcdule No. 2
was desligned for testing SRP production carbon beds ' 3!
(over-all éimensions: 24 x 24 x 12 inches deep), but it
can be readily modified fer testing other beds of different
degign. The facillity will be construcfed of stalnless steel
sheet metal to prevent signiflcant adscrption of hligh beolling
point "Freons" and other tracer materials, such as *27I vapor,
on the duct work,.

The system iz normally operated on total recirculation
by closing the stack and intake flow-gcontrol valves and by
adjusting the bypass and test bed flow-control valves to
produce the desired flow through the carben bed. Flow through
the bypass is required only when the test flow is less than
that required to prevent surging of the blower (<500 efm).

To operate the system with once-through flow, the above
positicn of the butterfly valves is reversed, and atmospheric
air can be supplied contlnuously to the system for desorp-
tion of "Freon" from test carbon beds. When the system 1is
ocperated with once-through flow, the alr is exhausted tc a
stack. The air flow will be measured by a calibrated orifice
located downstream of the test carbon bed.

Air Conditioning System

The alr temperature and humidity are controlled in
Module No. 1 (Figure 3), which contains a particulate fillter,
cooling coil, and heating ecoil.

The particuliate filter 1is used to remove agirborne
particles from the supply alr. Atmospheric dust in the air
could adsorb "Freon" or '27I and invalidate the test. The
efficlency of the filter is 99.¢7+% for removal of particles
C.3 micron in diameter.
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Cold Ho0 1is supplied to the cooling coll at constant
temperature from a Hy0-chiller refrigeration system. The
refrigeration system has a minimum capacity of 3C,000 Btu/hr.
Automatic contrel of the alr temperature is provided only
within the normal test temperature range of 15 to 50°C.
Control of the air temperature wlthin thisg range is accom-
plished by regulating the cold Hz0 flow to the cooling colls.
At equilibrium conditions, the cooling coll is required to
remove only the heat input from the blower plus the heat
galn to the sysfem. Autcmatlic temperature contrel is pro-
vided by a proportional controller with an adlustable set
polnt te regulate the cold HL0 flow to the coollng coils.

Saturated steam at 150 psig 1s supplied to the heating
coil to heat the alr up to 120°C and at flows up to 2000 c¢fm
when the facllity 1s operated wlth once-through flow for
desorption of "Freon". Because accurate control of the
temperature ls not required, the steam flow 1s regulated by
manual adjustment of a throttling valve. 3fteam can also be
supplied directly to the facllity to produce steam-alr
mixtures for rapid desorption of "Freon".

Control of the R.H. of the ailr is accomplished by passing
a slde stream of air, discharged from Module No. 1, through
a dryer, The dryer consists of a packed bed of molecular
sieve material (Type 4%A) that adsorbs Ho0 vapor from the air.
The dryer was designed to reduce the R.H. in the system ailr
to less than 10% at 15°9C, and it can be cperated under the
maximum drying requirements for 8 hours before regeneratilon
of the molecular sleve 1s regulred. Regeneration 1s accom-
plished by heating the bed to ~150°C and purging with air to
remove agdgsorbed H 0 from the molecular sieve. Control of
the R.H. of the system air is accomplished by manual adjust-
ment of the air flow through the dryer. The R.H. is
determined by a dew polnt temperature indlcator located
in Mecdule No. 1. When the required dew polnt temperature 1s
reached, the valve 1g c¢losed. If humidification cf the air
is required, a small quantity of steam 1is inJected into the
alr stream in the suction side of the blower. The blower
promotes mixing, and the particulate filter in Module No. 1
removes any entrained H,0 droplets so that only humidified
alr is supplied tc the ftest carbon bed.
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“Freon’’ Detection System

The "Freon" detection system 1s used to determine the
adgsorption efficiency of a test carbon bed. "Freon" is
injected at a known rate upstream of a test carbon bed, and
the "Freon" concentration downstream of the bed 1s measured
with an electron-capture-type instrument. The procedure ilsg
identical to that desgribed in DP-870. A "Freon"-Alr
Dilution System identical to that discussed previously In
this report will be used for injecting "Freon" into the
facility at concentrations from ~0.001 to 1 ppm for cali-
pration of the "Freon" detector and from 1 to 500 ppm for
adsorption tests of carbon beds. '

The sampling system is constantly purged at a high flow
rate to reduce the residence time of the "Freon" sample in
the tubing lines. A dilution system is alsc provided in the
sampling system to permit determination of the "Freon"
concentration when it exceeds the calibrated range of the
detector; this is accomplished by diluting the mixture with
a known gquantlty of alr:
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