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The purpose of kh5.s study is to determine holdup behavior o f  gaseous f i ss ion  

producm i n  charcoal traps, The holdup behavior for a given gas fs a function of 

trap gesme%ryny, type and amount of charcoal, trap temperature, flow rate, and t y p e  

of h e r %  gas used to purge the trap, 

procluc-tsy was swept through the t r a p  with e i ther  nitrogen or  helTwn purge gas. 

temperatures studied were from + 16 C t o  -1iO*C, 

of z”adiohYp%.a1 mse grea%er for heUm purge gas than for nitrogen purge gas, 

Radiokrypton, used to typify gaseous fission 

Trap 
0 It was d e t e m k e d  that holdup t i m e s  

In 

s2.1 eases holdup .times increased with decreasing t r a p  temperature, The masrimrun 

concentratlan o f  hypSon in eff1uen.t gas was lower fox- helium than fo r  nitrogen 

purge gas, and was  lower at lower temperatures, 

t h e  length o f  trap doubles the time to p e a  arid increases break through time and %%me 

t o  reach t he  end of %he pet&, 

kqrpton concentmition by half. 

FQP a given trap diameter, doublhg  

DrsubZhg t r a p  length reduces the mhum effluent 

An ana3.ytlcd expression presented from which 1% appears possible Go 

pred2c-b holdup curves far gases when trap gesm$r,y and the l5.riea.r adsorption Isotherm 

f~.t.  the gas rrilxtwe on ehercoal are knowa. Q%imized traps m a y  be designed for any 

p q o s e  with t h i s  informtiian,  



The t raps  reduce the mount  of ac t iv i ty  by h s l d b g  it, up while i t  decays and .Ln the 

case of  a sudden burst of ac t iv i ty  they reduce the rate of ac t iv i ty  release by 

releasing it slowly over a long period of time, 

leaving the t raps  as  a function of time, the t i m e  the radioactive gases m e  delayed 

(holdup t i m e )  in the traps mst be known, as well as the length o f  time over which 

they a re  released, 

type and amount of charcoal, t rap  tempera%me and type and flow r a t e  of inert 

purging gas. 

the effectiveness of charcoal traps f o r  gaseous f i ss ion  p r d u c t a ,  

To determine the amount. of ac t iv i ty  

Both faetors  for a given gas are a f u n c t h n  of t r ap  geometry, 

The fimction of these parameters must be h o r n  t o  design and determine 

An hves t iga t ion  of the l i t e r a t u r e  on adsorpixton of gases yielded two pertinent 

The paper by E, Wicke3 published in 1940 presents a comprehensive study of reports,  

the 'smierosesp%cef mechanism of adsorption 5r-1 long, small diameter tubes. 

centrations of COz fn ni5t;rogen as easrPer gas were studied a t  0°C and a t  L0O"C. 

matnematical analysis of gas mix3ng and sorption velocit ies is presented, 

in the report ,  the results obtained are  not direcbly applicable t o  many indus t r ia l  

processes, but neverltheless, they afford an excellen$ fsmda$fon for exp erben-bs t o  

develop indus t r ia l  uses o f  adsorption- 

High con- 

A 

A s  s ta ted  

1 Do Gus8 reporteed a study of the adsorp thn  d radiokrypton on charcoal i n  a 

Solid S ta te  Division Semiantluad Repor%, 

tempeyatme were repm%ed f o r  several traps sf dAif9s~eilt geome%r=y. 

the experiment was to determine the lezagbh of tfi-m Ixf5re the adsorba%e first appeared 

Sn the e f f luent  gas from the t rap ,  rather than csncentra%ion changes with t i m e  after 

break thyough, 

pyesent experhen% w a s  a 1.latma.l s t r tpo~%h of Gwsp wcnrk. 

ExrJer%men%al Froeedwa 

Break t b o u g h  times of radiokrypton a t  m o m  

The objective of' 

The need fer L~fornaticsn cm t h i s  type of work was increased and the 

An expex-lment w a s  se t  up (see Fig, 1) us ing  radiobypton t o  typif"y f i s s ion  

gases. Radiokrg.p.t;sn w a s  chosen because 'It is the f i r s t  f fssfon gas t o  emerge from a 
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The effect; of u e b g  two ident ical  t r a y s  i n  sarias with nitrogen purge gas 

Theas curves show t h a t  the t h e  $Q peak is also shown on figures 2, 3, & and 5. 

is approxirntsky t w b ?  as long as f o r  one t r ap  and %ha% the break-%botPgh %%me is 

from twice as long -to three times as long as f m  one trap, The t i m e  t o  the end of 

the eff luent  ac t iv i ty  Ps a l so  increased and the m x i m  radiohy-grbon concentration 

i s  about half as pea$. 
Q 0 

FPgure 6 shows two curves for helium purge gas at -5 G and -51 C. The shape 

of these curves is S Q I W W ~ ~  uneser-tain since t h e i r  accmasy was limited by the 

sensitivity of She flowmeter in %%s b m e ~  range %hen used with He. 

W Q F ~  made a% each temperature and the holdup "$es are significant even If the exac% 

shape of the curve may be i n  doubt, 

for  longer periods of t im in $he presence of flowing helium than %n the presence of 

fbowbng nitrogen, 

the charcoal surface i s  n ~ t  as free Lo adsorb krypton. 

coal w%th very littla adsorptfori, 

longer periods of time 3x1 the presence of flakaging helium, 

Several m s  

These curves show %hat radiokrypton is held up 
. 

S h c e  nsitrogeri fa i$self adsorbed Pn large a m o a t s  on charcoal, 

H e l i u m  will pass over char- 

Heaca, hy-p$on i a  re tained on the charcoal. for 

EiZ3srfm radiokrypton 
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processes, and not diffusdion or a d ~ ~ r p % i ~ n  are rate 13m%t;fng, and hence are not 

applicable t o  liqnfd chromatography and ion exchange where thsse processes as@ 

slowerQ 

respect to its par%ial pressure, a& therefme to its concentration An %hat chamber, 

The rate of remom.$ sf radiokrypton h each chamber 2s firs% order with 
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dP 
dt 

obtained from equation (1) by se t t ing  ---- = 8 ,  

Subs t i tu thg  equation (2) i n t o  eqmtfon ( I )  give%: 
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lsotherm 5 = kP’In is constant for a given hmpera%ure (where n = 1 for Im p a r t i a l  

pressure and x Z amount of gas adsorbed is0%hesmalQ~ by m grams of adsorbent with 

equilibrium pressuse P) 

m 

2 

Qne would expect that for  krypton on charcoal satarated with helium the slope 

k, will be greater than f o r  krypton on charcoal satwaked with nttrogen, because of 

inter€erence by adsorbed nitrogen, 

helium purge gas should be greater than those for nitrogen as observed, 

Therefme the holdup times f o r  krypton with 

If km, the parameter i n  equatfon ( I f  which specif5es holdup Lime ,  is the slope 

of the linear isotherm, muLt%pUed by the amount of charcoal, then the logarithm of 

km plo t ted  against & should yield a s t ra ight  ’be as shown In  Eg, 9, 

energy calculated fyom t h i s  curve is 300 k G a l .  fos: adsorption of kryp.ton on 

nitrogen-satmated charcoal, 

meter k: is propartfcmal to the slope of the l i n e a r  isotherm, 

a2it.y fac tor  fs unity has not  yet been de-krmhed, 

two traps fi aeries, is tw ice as large as for m e  trap, 

is constant f o r  a given %emperatme and m As dsubPed, 

The act ivat ion 
T 

T h i s  s t r a i g h t  l b e  rela%ionsh$p indicates that  the para- 

Whether the proportion- 
* 

A% a given temperature, km, for 

ThTs should be true s h o e  k 

In Ftg. 9 it appears t h a t  %he number of theoret ical  chambers I? is a character- 

istic of the gcmm%qy of the chamoaB t r ap  s h c s  M does plot vary for  %he different, 

temperatures studied, 

far the curve has physfcaE s 5 g n i f l . m c e ~  

as fo r  one trap, indicating %hat Ea may be a first  order function of %he length of the 

Th%s shou2d be k w  23‘ %he m&& used t o  der%- the expression 

Far two t raps  5.n series, PT is twice as large 



curve w i l l  be flat and broad; f o r  large N, %he cwve all be nore sharply peaked, 

For example: 

N 

Effluent 
Krypton 

Concentra%ion 

I 
L 

-----%- Tim 

At a given t rap  temperatwe (or value of km), the breakthrough time and t h e  t o  end 

of pulse i s  Influenced by N, Thfs effect is shown clearly by comparing the various 

curves f o r  ijne and for b,m trapso 

as great for  two traps i n  series as for  one trap sZnee km 5s twfee as large. 

The time %a reach m a x i m  concentra-tfon IS tnfce 

The 

breakthough time for two traps is about four  times as long as for one trap and the 

t i m e  the las t  activLty appeared is somwhat greater than twice as  long. 

If N is a function of t r a p  gesm$ry only, 56 appears tha t  the  %unction is the 

length of %rap divfded by t r a p  &iamtero 

f o r  helium Is somewhat i n  doub% beoatwe the f2ow rate  was er.rltz%ic, the  value of N 

For nltrogerre, P$ is eonstwit, Shce the data 

obtained f r s m  these cwves varies, 

from 6 to U0 

Values of N for  the helium purge gas runs varied 

This Pe a fab3.y good fndicnst.50~ that  %he N obtabed i s  not greatly 

differen% from those obtained us$ng nitkl~ogen purge gas, 

He muss% be made 

A more complete study of N wi%h 
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Equation (3) is of p&iGulBr h%erea% sfnee Pmsx ind6cates the maximum concen- 

tration of f iss ion gases in the effluent gas and F Q P- i s  the n a x 3 . m ~  rate of 

release of fisssicni gases t o  the atmosphere, B&b quantities are inversely propar- 

t h n a l  to %rap s h e ,  mg and to k, 

discussed above, 5% is more ef f ic fen t  t o  reduce P 0 P- 'by e h i l k h g  the %rap than 

Since k is very sensitive eo temperature, as 

using a larger trap, especial ly  if trap size is bpar%an% as when radiation shield- 

Ing is required, F * Pmax is smller far smla. ll as 921 shmf large diameter traps, 

The flow rate, F, should be m"inlm;lz;ed ts keep F 0 Pmssr a% a mblrmun, 

For applicatPsri t o  gas chr"omalagmphy, 'boa equa%fom (2) and (3) a s %  be 

consldered, 

between t̂;max for the d.ii?feren.t adsorbates shenzld be as large as possible, 

g a b  sensftfvl%y of detec%ion Pm should be large, 

requirements on k, the m.by parameter which is sxpec%ed %o depend 0x1 adsar?%%e gma 

Improved resolution can be obtafned Pry whg 5asjp N so %hat mn@enLra%ion peaks BTB 

Ta obtain maxim sepmatkion of dlfferent, adsarbate gases the  difference 

However, t o  

These ewo condi%Lms plme opposib 
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needed, then N should be small md the t r ap  temperature as low as posslble, For a 
. _  

given volume, a short  vide diameter trap would be best. 

holdup the adsorbate gas for a relat ivev long time and then release the gas in a 

short ,  high concentration peak as is done i n  gas chromatography, then a long, small 

diameter t r ap  is  best ,  

charcoal, the t h e  delay that I s  needed before the gas leaves the t r a p  w i l l  determine 

the  t r ap  temperature and therefore k, 

t h e  delay of adsorbate i n  the trap, 

i tsel f  adsorbed on charcoal to a great extent is  be t te r  t'nan a purge gas t ha t  has 

appreciable adsorption. 

If a t r a p  i s  needed which w 9 1 1  

This geometry w i l l  @e hr large, For a given volume of  

The choice of purge gas will d s o  determine the 

FOr long t,Sm delays, a purge gas that i s  not 

This analysis makes it poss2bk t o  predict the concentration as a D.mction of 

-time of m k t u r e s  of gas flowing t h o u g h  a h r c o a l  traps, 

Future Work 

A study i s  5x1 progress t o  detenn.5.m If rJ is always a linear f'unctlon of trap 

length divTded by t r a p  diameter by studying t raps  of varying length t o  diameter ra tdo 

wj-th the same v o l u i  of e M e o a l  wed dra %he work presented 

traps wjll be purged wA%h re variety of gases s o w  of" which are nftrogen, helkm, argon 

mC9 a b ,  

bate fnjeeted w f l l  be rn~.mxmd~ 

this reporte These 

Adsorbates used will be radiokrypton and radisxenon, Exact amounts of adsor- 

Satusatfern effects of adsorbate on charcoal ~ 5 1 9  be s%udied, This w3.U be done 

with a mdfoactive t racer  of  lIz9 ed with h a c t i v e  K r  t o  increase the Kr p a r t i a l  

preSSW0 f0&%0 

Studies w$ll be made with v q h g  t r a p  g;eo~.etry, temperature and gases and wi%h 

adsorbate conthuous@ h j e ~ t e d l  b t o  the t raps  instead o f  a afragle short  duration 

b j e c t b n ,  Sa%uratkm vahss agld equil5hrd~ue csn@entrat%on w ~ U  be correlated, h e -  

d8ctAon of t,hs ree;alt,s w i l l  be a%%eqted u s h g  a e,x%&naAon o f  the theory presented 

t h i s  r8pm=tQ 
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Fig. 2. Holdup of Radiokrypton in Nitrogen-Purged Charcoal Traps as a Function of 
Temperature. One trap held at 16°C; two traps in series held at 15°C. 
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Fig. 3. Holdup of Radiokrypton in Nitrogen-Purged Charcoal Traps as a Function of 
Temperature. One trap held at +5"C; two traps in series held at 0°C. 
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Fig. 4. Holdup of Radiokrypton in Nitrogen-Pwrged Charcoal Traps a5 a Function of 
Temperature. One trap held at -51OC; two traps in series held at -50'C. 
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Fig. 5. Holdup of Radiokrypton i n  Nitrogen-Purged Charcoal Traps as a Function of 
Temperature. Traps held at - 1  10OC. 
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Fig. 8. Comparison of Experimental Data on Holdup of Radiokrypton in Nitrogen- 
Purged Two-Trap Systems at Various Temperatures. 



-28- 

3x406 

2 

1 0 6  

5 

- 
rr) 

E 
v u 2 
F 
-k 

1 0 5  

5 

2 

I o4 
0.0 

UNCLASSIFIED 
QRNL-LR-DWG i 3 0 5 3  

3x10  

2 

10 

5 

N 

2 

4 

5 

2 

40-’ 

Fig. 9. Comparison of Analytical Constants N and km for One- and Two-Trap 
Systems 05 a Function of Temperature. 




