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The paper describes the use of activated charcoal columns in

conjunction with cryogenic distillation system for concentration of

krypton-85 in fuel reprocessing process off-gas stream. Dynamic

adsorption of krypton on activated charcoals and its subsequent desor-

pt'on by applying vacuum were studied. The possible reduction in the

quantity of carrier gas to be liiqulfied in the cryogenic system by utili-

sing this process has been dincussed on the basis of results of laboratory

evaluations. The possibility^ {^elimination o£ air and oxygen to avoid

explosion hazard associated with radiolytic formation and concentration

of ozone has also been considered.
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1. INTRODUCTION

Krypton-85 released during .the, reprocessing of irradiated fuels

is mostly being dispersed to the atmosphere. With a view to minimise

tbs discharge of radioactivity to the .atmosphere release of krypton-85 has

to be limited' '. Many methods are being considered for the separation

of krypton.- 85 followed by long term storage for decay; Among the

various processes considered, cryogenic distillation process seems to be

more acceptable* . If by some means the quantity of the carrier gas

stream, is reduced, the cost of subsequent liquifaction can also be propor-

tionately lowered. Incorporation of adsorber columns prior to cryogenic

distillation can be of advantage for this purpose.

In cryogenic distillation process for the separation of krypton there

is an explosion hazard due to formation of ozone by radiolysis of oxygen in

air. This can be avoided by use of an inert gas like nitrogen for purging

of air from the adsorber columns prior to desorption of krypton. With a

view to obtain data for design of such a system dynamic adsorption'of

krypton- 85 on activated carbon and desorption of the gas from the adsorber

were studied. Presentation of this data is the subject of this report.

2. FROCSSS CONSIDERED FOR CONTAINMENT OF KRYPTON-85

Processes considered for containment of Krypton-85 ate'- ' :
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i) absorption in halocarbpns or liquid carbon dioxide

ii) adsorption on solid adsorbers like activated charcoal

ill) diffusion through perm-selective membranes

iv) crypgenic distillation.

Cryogenic distillation process was found to be more acceptable

for separation of krypton-85 because the technology is very similar to

conventional liquifaction of air for which considerable experience already

exists. As a matter of fact this type of plants were already in use for

recovery of inactive krypton from air. Because of this reason cryogenic

distillation process i* the only process adopted on a significant scale in

fuel reprocessing facilities for the recovery of krypton on a plant scale'*^.

The process consists of elimination of hydrogen and nitrogen oxides

present in the gas by catalytic oxidation and decomposition respectively.

Moisture in the gases is removed by sorption on molecular sieves. The

purified gas stream is liquified and fractional distillation is adopted for sepa-

ration of krypton-85,

The only disadvantage of the process is possible explosion hazards

due to radiolytic formation and concentration of ozone, This explosion

hazard can be minimised by removal of oxygen from the process gas. Develop-

ment of a suitable process for this purpose is required.

Refrigeration is the main component of the cost of operation of a

cryogenic distillation process. Better economy can be achieved if It iB

possible to reduce the quantity of the carrier gas to be liquified. Suitable

mothers for this are to be considered.



- 3 -

3. POSSIBLE USE OF GAS ADSORPTION TECHNIQUE FOR IMPROVE-
MENTS OF A CRYOGENIC DISTILLATION SYSTEM

By making use of adsorption techniques the following improvements

can be achieved in a cryogenic distillation process.

i) The quantity of the carrier gas can be reduced by first adsorption

of krypton on activated charcoal column and subsequent desorption

of krypton from the column by applying vacuum.

ii) Oxygen can be eliminated by replacing air by nitrogen just before

saturation of activated charcoal and during desorption cycle.

4f THE ADSORPTION OF KRYPTON ON ACTIVATED CHARCOAL AND
ITS DESORPTION FROM ADSORBER

4. 1 Dynamic Adsorption of Krypton

Adsorption from a moving gas stream :. called dynamic adsorption.

In the process of dynamic adsorption, the gases are physically adsorbed on

solid adsorbers from carrier gas stream. In a mixture of gases a gas with

higher boiling point is adsorbed more strongly than a low boiling gas. The

adsorbed gas gets desorhed from the adsorber and is carried to the forward

parts of adsorber column where it is ad u or bed again. >A dynamic condition

prevails and as a result the gas is delayed relative to the carrier gas stream.

The mean delay time Tm provided by solid adsorber is related to the mass of

the adsorber M by an expression

Tm* k-M. (I)
F . . .

wherein F is volume flow rate of the carrier gas and k the dynamic

adsorption coefficient which is a characteristic of adsorber.

Dynamic adsorption coefficient of a gas increase* at lower temperatures.
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les^er moisture contents of the adsorber and higher pressures ' .

Dynamic adsorptipn coefficient of krypton on activated charcoal at ambient

temperature of+27°C and normal atmospheric pressure is about 30 to 50

ml/gm. depending on physical properties of activated charcoal. The value

of the coefficient may increase to 100 to 200 when the temperature decreases

4. 2 DesorptJ.on of Krypton from Activated Charcoal by Purge Technique

As indicated above lowering of pressure and increasing of tempera-

ture decrease dynamic adsorption coefficient. From equation 1 it is clear

that if flow rate of gas stream is large delay provided by the adsorber

column is less. These factors can be utilised for quick deaorption of kry-

pton already adsorbed on an activated charcoal column to obtain higher con-

centration of krypton in the carrier gas. If an activated charcoal column

already loaded with krypton is evacuated to lower pressure the adsorbed,

krypton will be released. At this stage if the column is suddenly brought to

atmospheric pressure keeping high flow rate of iiiieaking gas the delay time

provided by the column is small. As a result kryptoa will be desorbed and

expelled from the adsorber column. This process is repeated a number of

times till all the krypton is removed from the column. If the. vacuum created

inside the column is more, the number of purgings required to desorb krypton

are leas and vice versa. The fission gas adsorbed on the activated charcoal

nearer the purge point will be desoirbed earlier than that adsorbed deep inside

the column. This is because desorbed gas can again be adsorbed In the rest

of the column.



By employing a suitably designed process, the quantity of total

lesrypton bearing gas resulting from desorptioa cycle caa be kept much less

than the carrier gas eliminated during adsorption cycle.

The carrier gas aunatity caa be further decreased by employing higher

temperature ca^in.^ doaorpiiots cycle because of further decrease in dyaamic

ad3or pv-iOQ coe ..Yicieat.

5. EXPERIMENTAL EVALUATIONS

3.1 K&porimettftg.l Set-up

Experiments woro carried out to obtain the dynamic adsorption

coefficient for specific typaa of activated charcoals. These evaluations werts

made around ambient temperature. The operation of desorptioa of adsorbed

krypton by seducing t'ao pressure ia the column wan also studied.

The esporimeatal set up used is shewn iaMgure 1. Particulate free

dehumidified air was p&seed through an activated charcoal column maintained

at coatstsat teunpov&buTo. A Gu hi. counter fixed to n gas chamber served as

a detector for krypton-85 elutod from the column and was coupled with the

reacorclaz*. Maaometor and flow-rae&er were used to measure the vacuum and

air flow ia the system,.

Activated charcoals freed from moisture by heating up to 120°C and

stored over molecular sittve were used in all the' experiments.

5. 2 Determination of Dynamic Adsorption Coefficient

Radioactive krypton-85 v~3 injected in the activated charcoal column

and elution curves were obtained ca the recorder. Experiments were per-

formed at different temperatures around ambient temperature. Valves V. and
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V were open in these experiments. A constant air flow was maintained

in the system. The dynamic adsorption coefficients were obtained by

using equation 1 given under Section 4. 1 above.

5. 3 Desorption of Krypton from Activated Charcoal

The adsorber column wa# evacuated to a known vacuum level after

closing valve Vj and opening valve Vz as shown in Figure 1. At this stage,

valve Vj, was closed, air was introduced in the column by opening valve Vj

to bring the pressure in the column equal tu atmospheric pressure. This

process was repeated unt ill all the krypton from the column was desorbed.

The quantity ok air purged during each purging was calculated in terms of

void volumes of the charcoal bed at 30°C and 1 atmospheric pressure.

Experiments were performed to find the number of void volumes

required to be evacuated to desorb krypton completely adsorbed at different

column depths along the column.

For a given linear velocity of the carrier gas, delay time provided

by the charcoal column is proportional to column length. Knowing the total

delay time provided by the column the location of a krypton pulse injected in

the carrier gas stream inside the column can be ascertained at any instant.

The number of purging* required to expel this krypton pula© out of the column

were determined at different purge pressures. Purg* pressure is pressure

to which the adsorber column was evacuated to desorb krypton with raspect

to atmospheric pressure. From this data number of void volumes of carrier

gas at 1 atm. pressure and 30°C evacuated to desorb krypton were calculated

in each case.
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6. RESULTS OF THE EXPERIMENTS

The relationship batwesa dynamic adsorption coefficient of krypton

and temperature for activated charcoal*, «• obtained in the experiments, is

given in Figure 2.

Ths relationship batweaa purga pressure Bad number of purgiags

required to dee orb krypton from activated charcoal column as obtained in

the experiment is given in Figure 3.

The relationship between the number of void volumes of carrier gas

to be evacuated to desorb krypton and column depth at which the krypton pulse

is located in the adsorption column i* given in Figure 4.

The relationship between the percent volume reduction that can be

achieved by uciag the process described in this report and the distance bet-

ween two successive purge points is given in Figure 5.

7. DISCUSSIONS

As seen from Figure 2, the activated charcoal NG8/16 is better adsorber

for krypton as compared to the other three types of activated charcoals.

Greater the dynamic adsorption coefficient of krypton the quantity of carrier

gas which can be eliminated before the saturation of activated charcoal column

is larger leading to greater reduction in the quantity of the carrier gas to bo

liquified in the cryogenic process.

As seen in Figure 3 the number of purglngs required for desorption

of krypton increase with the decrease in the purge pressure. As also indi-

cated by Figure 3 desorption by purge operations discussed in this report i s

limited to purge pressures varying from -16 to -46 cms, of mercury with
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respect to atmospheric pressure. Operation of purge system may not be

attractive beyond this range of purge pressure from practical considerations.

Desorption of adsorbed krypton at column depths from 0 to 45 cms

was studied at 5 different purge pressure varying from ~I6 to -46 cms

of mercury with respect to atmospheric pressure at ambient tem-

perature of 30°C. Number of void volumes required to be evacuated for

complete drsorption of krypton was found to be scattered over certain range.

Average void volumes evacuated to desorb krypton showed a linear increase

afi shown in Figure 4 with column depth at which krypton pulse was located on

the column.

Since the number of void volumes required to be evacuated increase

with the columndepthat which krypton pulse is located, the distance between

eticrossiwe purge points will be an important factor affecting the •-•eduction

in the. quantity of the gas to be liquified. As seen from Figure 5 the percent

reduction of carrier gas quantity achieved decreases linearly with increase

irt distance between purge points. Hence deaorption of krypton has to bp

carried out at several points simultaneously along fclie length of the column.

The quantity of activated charcoal in the column determines the

duration of adsorption cycle and distance between successive purge points

determines the percent reduction of carrier gas; quantity which ean be

achieved.

8. .ELIMINATION OF OXYGEN

In fuel reprocessing plant inleaking air is the carrier gas for

krypton. If the system fqr reduction of carrier g?s quantity discussed in
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thifl report is to be used in conjunction with the cryogenic diatlliatrion pro-

cess , there is an attractive possibility to eliminate the explosion hazard

JiHBoei.tteri with radiolytic formation and concentration of ozone.' This can

b« achieved by replacing air by nitrogen towards end of adeorption cycle

and during desorption cycle.

9. CONCLUSIONS

Incorporation of activated charcoal adsorber columns in conjunction

with cryogenic distillation system for contain^ ient of krypton has two dis-

tincl advantages. • • •

The quantity of the gas stream to be liquified can be reduced.

The explosion hazard associated with radiolytic formation of ozone

can be eliminated by replacing air by nitrogen.
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EXPERIMENTAL SET-UP FOR DETERMINATION OF

DYNAM!C ADSORPTION OF KRYPTON AND ITS DESORPTION

VACUUM PUMP

S3, L- GAS CHAMBER METE

COOLAHT INLET
i x H _ 3 —

COOLANT INLET

KRYPTON INJECTION PORT

FROUIH t .

RELATION BETWEEN DYNAMIC ADSORPTION

COEFFICIENT AND ABSOLUTE

TEMPERATURE FOR DIFFERENT

ACTIVATED CHARCOALS

60
90
40
30

20

000329 00033$ 000545

ACTIVATED CHARCOAL TYPE SOURCE,

NARBADA VALLEY
CHEMICAL INDUSTRIES LTD.INDU.

• CO 410 % KOWA COMPANY LTD. JAPAN

ANTHftASORB CC • ! « MOWLIDHAB PREMCHANO ft CO.
INOJA

« 207 C SUTCLIPFE SPEAKMAN 3 CO LTD
gWOLANO

F l O U R t l



RELATION BETWEEN PURGE PRESSURE
AND NUMBER OF PyRGIMGS REQUIRED
TO DESORB KRYPTON

NOTE:- K O DOTH AT WHICH KRYPTOK IS ADSORBED

ON THC ACTIVAUO CHARCOAL ZTRO CMS

S !
* :
I i

-10

-SO

HUM«S» Of PUIiqiWOt ReOUIBED TO

KHVI»TOW

RELATI9N BETWEEN NUMBER OF VOID

VOLUMES EVACUATED TO PFSORB KRYPTON

AND BED DEPTH AT WHICH KRYPTON

PULSE 1S.L0CATEP

NOTt:- ACTUKTtP CMWCOM. tV»LUATtD-N« » / f

O 10 to SO 40 SO

I H M M » »T WMKH KUTfTOW WM.lt 15 LOCATtD 1CMU



RELATION BETWEEN PERCENT VOLUME
REDUCTION ACHIEVED AND DISTANCE
RFTWFFN TWO SUCCESSIVE PURGE POINTS
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FIGURE 5


