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ABSTRACT

Perform.ance characteristics of two activated charcoal columns at

room temperature in s.paratin.liasion-produet xenon from an air stream

were investigated by in8tallin. each column in the exhaust from an enclosure

in which irradiated slulS ..ere dissolved. Breakthrough curves are pre.ented

and the variation in xenon concentration within the columns is examined.

Theoretical treatments of ad.orption columns in the literature are found to

agree well with the experimental data. Performance of the columns is

evaluated in terms of "concentration factor" and number of eff.ctive

theoretical plates.
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INTRODUCTION

A. the atomic en...1Y iDclu.tl'y .xpaDAl., mor. ad mor. att.ntion 11

foc:u.ed Oft the problem oll"adioactlv. wa8te di.poaa1. Often overlooked

ia cOIl.ielerilll thi. problem i. the eli_po,.1 of radioactive noble ......

probably becau•• th are Ie•• toxic: than maay radioi.otope. encountered

in particulate 01' liquid form and beeau.e noole ..... ar••••lly eli.per.ed into

the atrno.phel'e without feal' of fallout, althoup taU .tack. ar. "8ually re­

qubed.

Two noble ga.e. are amona the ti••ion procluct. 01 heavy el.ment.:

krypton and xellOn. From the halilile and cumulative tt.,ioll yield, the

production rat. iD a nuclear reactor and the total amount pre••nt at equilibrium

eaJl be calculat.d for the ••veral i.otope. 01 th••• noble la.... The

radiol.olop•• 01 th••• el.ment. ",ho•• half live. &1" 1...at.1' than on.'day are: 1



Isotope Hall life
U-l35 fission

yield ('0)
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Per megawatt of reactor power:- - .
Production Equilibrium amount

(curiea/day) (curiea)

12 days

2.3 day.

5.3 days

0.3

0.03

0.16

6.5

0.47

15

410

7200

2,500

250

54.000

Ii reactor tuel elementa are allowed a .ufficiently long cooling period

before reproce••ing. tbe shorter-hall-life xenon isotopes will decay and offer

no dieposal problem. Krypton-aS with its 10.3-year half life cannot be treated

this way, and if this gas is released into the atmosphere. eventually 2500

curiee will be found in the atmosphere for every megawatt of reactor power.

If fuel elemente (or irradiated traneuramc slugs) cannot be a.llowed an

adequate cooling time before proce.aing. xenon also become. a major problem,

particUar1y xenon-133.

The forecast expansion in atomic energy and radioisotope production

8trongly .uag.sta that pollution of the atmosphere with tbese radioactive

gases could very well 80me day become intolerable. It .eems worthwhile. then,

to look into possible methods of control so that the necessary information and

experience will be at hand when required.

Truly controlled dispoea1 of radioisotopes. including gases, requires

concentration, not dispersion. One of the promising ways of concentrating noble

gas.s is by adsorption on activated carbon. 2. 3 To obtain an idea of how activated

carbon might perform in extracting fission-product xenon from a hot-cell exhaust

air stream. a charcoal column was included as part of the ventilation equipment

.et up for processing irradiated slugs at Lawrence Radiation Laboratory.
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The first obvious result obtained was the realization that the us. of

radioactiv~ ga••s greatly facihtates the study of the behavior of an adsorption

column. '1~he only instrun1,entation required consisted of simple ionization

chambers in the inlet and outlet of the column. Actually. it was found that

significant data concerning ad8orption in the column could ea8ily be obtained

with nothing more than a portable survey meter.

The data obtained are set forth in this report and compared with

theoretical treatments found in the literature to show the excellent agreement

pol.ible. This was particularly aratifying in view of the simple inltru­

mentation used and the complex nature of an adsorption column.

The invaluable encouragement and assistance of Mes.rs. Nelson B.

Garden. Myron D. 'fbaxter. John E. Bowen. and other members of the

Health Chemistry Croup at Berkeley are gratefully acknowledged.
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EXPERIMENTAL DA'fA
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A 5..inch-diameter column of activated charcoal 25 in. long w&. in.talled.

in the ventilation train handling the exhau.t from a .hielded enclosure in which

a number of MTR-bombarded tran.uranic BIUI' were diBBolved and proces.ed.

'rhe .lug. were dissolved in two batch•• (a. few day. apart) .0 that it wa.

po.sible to get uta on two different activated charcoal•.

The enclo.ure wa. de.lgned to be as tight al practical. with a rate of

air leak into the enclo.ure le•• than 1 UteI' per minute at the operating

pre••ure of -0.5 in. w. g., in order to pertmt high-efficiency filtration of the

exhaust air strearn. Exhaust a.ir was passed at very low velocity through two

high-effieiency filters in series and then through a mUlipore filter with a 0.7-

micron pore .iz.. No detectable particulate activity was present in the exhau.t

after the tilter•.

Ionization chambers were installed in the inlet and outlet of the column

a8 shown in the flow sheet, Fig. 1. The gas flow rate was calculated as

630 cm.3/ min from the known volume of the system and the measurements of

pressure as a fWlction of tirne when the system was momentarily isolated

from the suction source.

The two different act!vated charcoals studied were uCliffehar ft 4-10

mesh and "BC Ad.eorbite" 6-14 mesh. :nulk densities mea.lured were

,Uffchar,

Be Ad.orbite,

3
O.Z3 a/cm •

30.54 a/cm .
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Di••olution of tbe slug. released the fi••ion-product gases into the

•enclosure atmosphere. In each cas. roughly 1 curie 01 xenon-133 was

relea••d. prod.ucing a concentration of abo~tt 1 jJC/cm3 in the box exhaust gas.

No other active gas was present in any appreciable quantity, as indicated by

calculations £rom bombardment time. flux. and cooling time and confirmed by

half-life and y pulse-height analyses of laB sampl•••

Figure 2 .howe the ionization chamber data obtained from the first

run. u8ing the Cliilchar column. Ionization chamber data from the Be

Acleorbite column are shown as Fig. l. Because of limited available time

and the pre•• of other consideratione, the complete breakthrough curve was not

obtained for this second column. It was possible to supplement these data,

however, with a series of readings with a Juno survey meter at different

locations along the outside 01 the column (as will be shown in Fla. 5.)

•In equipment currently employed at Berkeley. iaseou. products are

directly withdrawn into a small evacuated vess.l containing charcoal, thus

preventing dilution by the enclosure atmosphere. See M. D. Thaxter, H. P.

Cantelow, and C. Burk, Off-Gas Treatment in Berkeley Enclosures,

UCRL-3635. Jan. 1957, pp. 5-7.



IN'l'ERPRETA'flOW Olf OATA

At leaat two different equations are found in th. literature whieh expre••

the concentration of a solute in the effluent from an adsorption column all a

function of feed concentration, time or throughput voldlne, and column

parameter••

Olueckaui' .tarts by considering the adsorption column eUvid.ed into

"effective theoretical plate units, It that i8, units of length 'Within which the

concentration of solute in both sQlution and sorbent phase. i8 treated a.s \U1ifol"m..

the two being in equilibrium. This discontinuous picture of the column ie thea

reduced to differential form so that in essence the column is treated as though

it were continuou8.

The expression he derives for the elution curve is

-f- =: lIz • l {-J iJ ti.. (for N > 3) ,
CO -e..JV V

in which C = effluent concentration,

CO :: f••d concentration,

N :: number of effective theoretical plates,

(1)

v =: volume of solution put through column,

V. volume of solution at the center of the S-shaped breakthrough

curve, where C c 1/2 , .
CO

":t. (0) l:I the error function,'!-f)

= 1 () Z)
fe<p~ ~l6.

o
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Jury5 ha.s given another equation for the breakthrough. curve which

n'lay be written as

c { ')

&"JT - b·~T)

where h Ill: column length,

t s:: time,

a and b are constanta.

Since V- '= kAh and V:::: Lt.

f. (C)
v

c

f (C) ::: total amount of solute per unit column volume at
v

equilibrium.

A '= cl'ollla~sectional area of coluxnn,

.L ::: gaB flow rate.

By definiUon,

c = liz _ <p J_a_ J-:V­
-el~

..f.- :.:: liz when V:::"V, therefore
CO

b
-- :1:1 a I • and JuryI. equation may be written
"'JL

(l)

In fitting these hvo equations to the e:"''Perimental d.ata it is convel1.ient

to use the measured value of V and the slope of the elution curve,
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at V:III V. Differentiating Eq. (l) and (2) gives equation.s for the
dV

slope as follows:

For Eq. (1),

For Eq. (Z).

:r.: ';:rv---;z v~[7";

and therefore a' I'; 24' J~. .
V

The observed elution curvtl from the Cliffchar cohunn :is plotted in

terms of"'£'" and V in i'ig. 4. J"rom the value of V (ll8 Uter,,) and
CO

the value of the slope at this point (0.0156 liter-I), the two equations can be

determined and are aloe plotted in 1'1g. 4. These equations are

C.rlueckauf. C

CO
;z 1/2- f }...,"75 (lZ~ .. VL

-e "oJ laS V
(1)

Jury. -f-=l/Z_;t"'o IX.
C

where V is in liters.

0.8S4 (,.,]12.8 .. ..JV) ,! •
)

(Z)

It is .eeft that both curv.s fit the data quite well, althoup the 01ueckauf

Eq. (1) give. the better fit.

The data obtained by survey meter on the Be Adsorbit. column can

be us.d to calculate the elution curve for this column. (Only Olueekauft •
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equation will be u.ed, .iaae the two equation. are 80 .imUar.) By ...SumiDI

that the length of columJl for one theoretical plate unit is the .ame throupout

the column and that the rate of movement of a point of coa.tant concentration

along the column ie con.tant, 6 one can calculate N and V.

Jr'ipre , showe .urvey m.eter reading. plotted alain.t time for I.vera!

diUerent distance., X., from the inlet end of the column. The center of the

curve lor X. III 16 in. occura at t III 365 minute', where the .urvey meter

reading i. one-half the maximum. The measured elope ot the curve at this

point i. 0.012 r/.,hr • The survey meter indicate. the total xenon activity
min

per unit column volume. which. i. proportional to the xenon concentration in

the gal phase. From thil,

d~
""- ·1-- • 0.005 min f

dt

leading to

d ..£-
o

C( lit 0.00794 liter-I
dV

By extrapolating to the end of the colurJUl, where X := h 111I as in.. V and N

can be determined:

V:: 0.630 (365 + .!-5 ... 16 ) D 355 Uters,
0.0454

(

d.£\
ainee CO )

elV I V
1

D 0.0079. JZi' x 365 x 0.630 =0.00644;
16 355

, N Ill: Z1I' (0.00644 X. 355)Z • 33 •

SubaUtutins th••• value. for V and N in E'1' (l) ....ult. in the curve

drawn in FtS' 6. The data obtained from ionization chambers at the begirmin.

of the breakthrough curve are al.o plotted. and. again, the agreement with the

calculated curve ia quite satisfactory_
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Since the equation. for the breakthrough or elution curve are error

functions, it is convenient to plot thea. data on probability paper. Such a

plot ia .hown a. Fla. 7 for both adsorption column•.
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DISCUSSION
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In order to characteriae the operation of an adsorption column, it is

necessary to specify only Nand V. :E'or a &iven column, V is a funetion of

only the adsorption isotherm. From the values of V d.etermined in these
41.>-

two experimental rune, values of k can be computed from V 1I: kAb. In
'"

summary:

ClUfchar,
k

16 ,

44·

N

25

33

From the literature, the value of the constant kw in the "sorption isotherm

em'! (C) =k C is 76 - at zooe, where f (C) is the amount of solute adsorbed
W W I W

per gram of charcoal at laa concentration C:7

where Ps 18 bulk deuity and II i. fraction of void••

From the literature one would calculate the follow1na value a lor k:

Cliffchar, k :: 76 X O.Z3 t· 0.89 • 18.3,

Be Adsorbite, k:: 76;< 0.54 .... 0.74 = 42,

showing reasonably lood agreement with the obaerved. values of k tabulated

above.

The constant k might be termed the "concentration factor. U ainee it

repr••eata the ratio of the amount of xenon containe4 in a charcoal column

Cat equilibrium) to the amount contained. in the aame volume without charcoal.

In other words. a certain volume of charcoal will hold .s much .obate a. an

empty container wllo•• volume i. k times a. larle.
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The .harpne•• of the breakthrough eurve depende on N. u well a. V.

tbe midpoint slope beinl proportional to 4'riiV . From Jury' a treatment.

one would expect N to vary directly a. tbe volume of charcoal in the column

and invereely aa the flow rate, for a given .ystem of charcoal and ad.orbed

ga••

AJJ more data of this nature are obtained and evaluated. le.cUns to more

complete understanding of the .flect of various parameter. on k and N,

it .hould be po.sible to reliably predict the performance of any charcoal

column in retaining any of the coble 'a.... This reporti. pre.ented with

the hope that it will stimulate further inv••tiaation in this field. The u••

of radioactive ga••• make. uta colleetion quite euy and the re.ults are

.atiefyin. in that they .eem to conform to theory.



UCRL-8755

R.EFERENCES

L J. O. }Blomek., Nuclear Properties of U-2.35 Fiasion Products,

ORNL-1783, Nov. 19550

l. W. E. li)rowmng and. C. C. Bolta, Measurement and Analysis .f the

.Holdup of O&S Mixtures by Charcoal Adsorption Traps, ORNL-Zl16,

Au•• 1956.

3. 1. Spiewak, Use of the liRE Charcoal Adsorhere in the HaT, CF-54-7-26,

July, 1954 (declusified Feb., 1951).

4. E. Clueckaui, The "'I'heor.tical Plate tI Concept in Column Separations,

Trans. Ji'araday Soc. ~ 34 (1955).

5. S. H. Jury, Percolator Design. CF..51.7-41, July, 1951.

6. Don DeVault. Theory of Chromatography of a Sinal. Solute. JACS 65.-
532 (1943).

7. K. Peters and K. Weil, Z. Phy•• Chem. 148,21 (1930).



• > II

Exhaust manifold: - I w.g. Millipore filter

Ionization
chambers. .. , , . Manometer

Charcoal
column

2 high- efficiency"
filters

Condenser

:.::. ~o:;.~.. ~. :.Dissolver
;;.;...!.. ."':~\i$ .

SIUg~·
" ."."". II "

Pressure:-O.5w.g ·.1 Ai r
"" leakage

Shielded
enclosure

-r

>~::

.
"'"'--......

t-:',,"
",......,~ ..

,.J"'!

'J~"
'v'l

\



IOOOr-------.,.-----~----___,

300

Feed

100 200
Time (min)

Effluent

"
~

en
-+-

c:
:J

~

'-
0
llo-

:!: 100
..0
'-
0

'-"

en
01
c--
-a
0
(J)
'-

'-
(J)

..c
E
0
.c 10u

c
0
-t-
C
N--
C
0

III
I)
Jl

I
I~ a



" , .---__.--, --.- ......- ...--__--.0
o
CD

~

(/)
'-
OJ

-+-
0 .--

/ >A~'
0 ..........

~ ......
'lO

lOl{) ::J
lOf'(') 0-
f'(') ..c:

~
01
::J

'0
0
'-

~
..c:......

e.(J.) 0 OJ
C\J E

::J--IN 0
II >

ulou

~-----l.---~---...I.-----.l-------IOq CO CD ~ C\J 0
d 00 d c5

UO

U-

-



I

• Experimental
points

"ae Adsorbite"
column

0.10

0.90

0.20

Eq. (2) ,
~,/,
,/ ~Eq.(I)~

".Cliffchar ':.
column /

I'
I',-,-,-

I,l
0)

/.
1.4.
",I.

I
I,

0.02 •
0.01 .

•

0.995
0.99
0.98

0.002

0.80
C-CO

0.50

{,
; ';,

• •

100 200 300 400 500

Volume (liters)



1000,...-------r--------------.......

Feed

..--...
en

-+-
c:
.:J

~
~

c
~

:!:: 100.c
~

c
'""-'"

en
CJ')
c---a
c
Q)
~ Effluent
~

Q)
..0

E
c

..c 10u

c:
0

-+-
C
N--c:
0

'I
)

1

300100 200
Time {min}

I '-- ...L..- -----'----~---'

o



1000
•-- ...- .......7····h a._

Feed
. . ,........

(/)......
C
::::J

~
~

0
~

.'!: 100
-C
~

0
..........

(/)

Ol
C.-
~
0
Q)

I~

~ •Q) I
..c •E
0

..c: 10u Effluent
c
0

......
0
N.- •c

I0

•
''t I"",, ••'"
'( .'Ii.
,

I
n 0" 100 200 300 400 500

Tim~ (min)



•

rv------,------,.-----,------,------.Oo
C\J

Q)

E
.::J-o
>

co <..0

dod
010

C\J
d



... '

Survey meter reading (r/hr)
0;=°:-__,.---__.....,-__----, :....;:1'\):.-__.....,...__.......,

,..---,
x

x
0 II

30 ~•
."=

(1)

'. a
(f)

x c., """i

-f N' '. 1\ (1)

3" 8 1 0 • 0-

\-- -h
(D • ~

x • 03' . \ II I 3
~, 0) ., •::J - :J
o ~ - -.........., • (1).....

\ \
X

,
(1)

~, II
,

:J•~ II!-'N 0-

8 -
~.N_

\)
00- --h
C

.~ 3•~ ~{J1
,,

0
0


	UCRL8755_cover.pdf
	UCRL8755_text.pdf
	UCRL8755_text2.pdf



