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ABSTRACT

An analytioal method has been empirieally developed for the analysis
of dilute inorganio inert gas mixtures,

The method is based on & combined sorption-elution teohnique whieh
makes possible the resolving of complex inmert gas mixtures into their
oonstituents,

Partioularly the resovery of krypton from dilute gas mixtures wes
aocomplished, Reeovery effioiensies were as high as ninety~eight percent,

while the aversge krypton purity was better than ninety-nine peroent,
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PREFACE

Heretofore anslyais of inorganic inert gas nixtures required axe
tensive equipment and wes very diffioult, if not sometimee impratioable.

In this work an attempt has beon mede to introduse s new teshnique
in the snulysis of inorgenic inert pgas mixtoras, Such a teshnique ine
volves the eluting of individusl gaees from sn adsorbent contsining &
msbey of adsorbed gases, In this way inert gas mixtures oan be 00D~
veniently separated inko their constituents.

The work was done from an empiriosl view point and weas not cone
sidered on Q thooretienl basie, Those intersated in the _tm:'y of
dyvamio mixed adacyption will, I am sure, find sufficlent refersnces
lisbed at the end of this volume,

It ls hoped that this work will sontribute in some smell way to
the field of ‘mlgtiul shemistry,

{nvid &, Browm

i1
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CHAPTER I

THE PRCBLEM AND IT3 SCOPE




Purpose

Huch experimental work las been done in the field of organie,
inorzanic eand bilological chemigtry in which the use of elution technique
plays a primery role. Ghrmtegraphy,' for example, smploys such. techw

nique in the resvlution of complex mixtures into their constituents,

The purpose of this work is to investigate the poassibility of
adapting such elution teechniques in the reocovery of pure inorganiec
inert geses in which one or mors components ars present in very smell
conaentrations., Partisularly the recovery of krypton from dilute ges

mixtures by elution technigues is %o be studisd,



Need for the Study

The major interest in the work lies in its use in the ana=-

lytieal investigation of inert gases,.



Delimitations

The investigation was considered from an empiriocal point of
view and was oarried out with only the separation of krypton from
van sdsorbent containing one oy more éther adsorbed gases by elution
teohniques as the primery function of the research., The phsnomenon
of dynemioc mixed adsorption is not considered, Nowover, the assump=
tion is made that substentially all of the krypton from the sterting

nixtures wasz adsorbed,

Seleotion of guiteble conditions for effective separations of

mixtures was based on arbitrary, empirioal prosedures.

No attempt was made to develop the work on an engineering basis,
but rether to obtain laboratory date on the separation and recovery

of krypton,



CHAPTER 1I

A REVITW OF PREVIOUS WORK ARD

EIOTION TECHNIQUE IN GENERAL




8

The diotionary defines the word elution as "The removal or sepaw
ration of impurities by washing) especislly in sugar-refining, the

waghing of sucrate of lime with water so as to remove any soluable ime

purity”,

Heny investigators have experimented with the possibility of sepae
rating the rare gasea by sorption teshniques, Among them, {?eters and
Weil 2, physik Chem. A 148, 1 (1930) J adsorbed argon, krypton and
xonon on charooal and then tried tc guantitatively desorb the individual
gasess Their work did not prove to be successful, for they were ine
sorreot in agsuming thet the gases would have no influence on esch

otherts sorption.

In this work, if we assume that krypton from dilute gas mixtures
is essentially quantitetively adsorbed on charccsl under conditions of
temperature, pressure and adeorbent surface that would insurs a large
gafetly feotor, it follows, from Feters mnd Weil (ibid) experiments that
renoving interfaering gases before attempting to desorb the krypton
would be tho most natural thing to try. This thought led to the designe
ing of an apparatus and determination of eluting techniques which

would allow the quantitative seperation of krypton,

In Figure 1., the basio steps in theo separation of two gases by
elution technique are graphiocally shown. Column A, showe the distrie
bution of two gases, 1 end 2 in & sorption eolumn, Addition of elutant
in solumn B beging to separate zas 2 from ges l. Continued additiom
of elwtant produces the final separation of ges 2 from gas 1 by differw

ential migration (plus the other feoctors which ars beyond the soope
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of this work) as represented in column O,

In the application of elution technigues in the recovery of krypton
from dilute gas mixtures, it is meant that unwanted geses uré alutad
or washed from sn adsorbent with helium, The wanted material is retaine
ed on the adsorbent by controlling temperature, pressure, flow rates and

other factors all of which will be discussed later on,



CHAMTR I11

EXPERIMENTAL PROCEDURE:

{




10
¥aterials and Apparetus

The heart of the apparatus used for the study of the recovery of
krypton from diluts ges mixtures by elution bechniques iz the elution
cohusn, Figure II shows the slution column commected in the completed

appsratus, while Figure III shows details of the elution solumm,

The elution solumm oonsists of two slender charecal tubes arvenged
go that they ocan be refrigerated either separately or together. The
tubee are comnected in geries, with vent and veouum oam:eo‘bians. in the
line between the tubes, The purpose of dividing the slution columm
inte two perte is to meke it possible to use & smallsr volume of chare

goal during the elimipation of most of the nitrogen and argons

The first of the two charcoal tubes comprising the elution column
is oalled the colleotion trap., The charcosl in thiz trap is Columbis
aotivated aé,rbon, grads 8~G (Carbide and Carbon Chemisal Corps). The
solleotion trap is refrigerated with liquid oxygen ocontained in & quart
sized atainless steel dewar, The second tube of the elution oolumm
is mbout nine in. (22 ce.) of 70x80 mesh chercoal in a 1/2 in, oopper
tube, The elution ocolumn holds a totel (for beth tubes) of 32 ce, of
aharpaal; The slution colump is fitted with an Ashorof't sompound geuge
{30 in to 15 psi). Water pumped oylinder nitrogen (dried through two,
ong in. O.D. by 24 in, long indicating Drierite Towers) is used in the
slution column sotivation proosdure (see Gensral Procedure), The elue
tion column is comnected to the high vacuun menifold (5/8 in. OD eopper
tubing) whieh in turn is conneoted to & cold trep and & Weloh Duoegeal

vaownn pusp, Helium is supplied to the elution ocolumn through a needle
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valve and flowmeter. The eluting helium is commercial cylinder grade

XX heliuwm, This is the purest grade of gommercial helium, FHowever,
in order to insure 1ts purity before using it in the slution steps, the
helium is passed through thres charcoal tubes (not shown in Figure II)
cooled to minus 195 degrees C, with liquid nitrogen, The tubes (1 in,
OD by 18 in. copper tubing) are comnected in series in a vertisal bank
so that one large dewar can surrcound all of them at one time, A Fiascher |
and Porter Flowrator (gerial No, 812/1019-3) is used in measuring the
eluting heliws flowrates, Venting of any non-adsorbable gases during
the uss of the elution column iz through a small Brooks flowmeter and
& meroury sealed trap (mot shown in Figure II) before venting to the
atmosphere, A Gow«lao thermal conduotivity esll is used to determine
the effluent gas oomposition duriné the elution period and eny other
prooessing step where the eompogition of such effluent gag or gases

is desired to be known, The thermsl eonduastivity anelysis is digoussed

under a separate seotion in this ohapter,

Almost all of the oonnecting lines of the elution seotion are 3/8

in, OD copper tubing, with silver soldered fittings.

In order to olarify Figure 1I, proosssing of a typieal dilute
krypton gas sample step by step mey be seen by referring to the Generel

Prosedure seotion of this chapter,
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Genoral Progedure

The following was the general experimental proeedure ussd in the
recovery of krypton from the prepared dilute gas samples by elution
technigues
1, The elution solumn was reactivated and pumped out,

2. The first leg of the elution solumn (sollection trap) was refrie
 gerated with liquid oxygen,

3,  The semple gases were passed from the synthetio sample oylinder
shrough the golleetion trap. The sample flow wes adjusted to about
1?.5 oc, per minute,.

4, When the pressure in the selution solumn reached 2 to 3 psig.v the
oxhauat valve was opened cautiously,

5, When the sample flow aould no longer be maintained at 175 co, per
mimate, the sample oylinder valve was olosed,

6+ The sample oylinder wes then filled with nitrogen to 5 psig. Openw
ing the oylinder agsin and then adjusting the flow gave the same retes
as in step 3,

7. After sll flow ceased, the ssmple oylinder valve was closed,

8¢ The colleotion trep was allowsd to stend ln liquid oxygen for 20
minutes,

9¢ Then the elution column was pumped out as follows: The manifold
valve was adjusted so that the pressure in the collection trsp fell at
the rate of two end one half inches of meroury per minute., When the
pressure had fallen below twenty five inched vaocuum, the manifold valve
wes opened wide end pumping was eontinued until the pressurs in the
elution column, with the menifiold valve closed, was 10 mm, meroury

sbasolute,



15

10, With all the valves olosed, the liquid oxygen was removed from

the ocllection trap and immediately a dry ioce bath was applied to all
of the elution qolumm‘

11, Helium was pasgsd through the elution oclumn by opening the helium
nosdle valve, The helium pressure in the slution column was allowed

to build up to 2 peig, and then slowly the valve to the thermal conduce
tivity cell was opened., The helium flow was adjusted to 200 ce/min.
12, The elution of nitrogen and ergon from the slution oolumn with
helium wes oontinued uuntil the T/ oell indioated pure helium.

13, Then the valve to ths refrigerated (liquid nitrogen) krypton

trap was opened, so that the effluent helium of the elution column
pessed through ithe krypton trep and then wes vented to the atmosphere.
14, The dry ice bath was removed from the elution columm, As the
elution column warmed to room temperabture, the krypton begen to appear
in the effluent helium strewm of the elution column, The ‘kiryptcn we.s
colleoted in the krypton trap for reuse, its volume measured and was

ohsocked for purity by speotrographioc analysis,

Resativation of elution solumm and krypton trap.

1, With the slution occlumn heater adjusted end plugged in, the purging
nitrogen needle valve was opened,.

2, VWhen pressure in the elution wlm resched 2 psige, the nitrogen
was vented to the atmospheres The flow was set at 175 0, /min, The
heat and nitrogen flow were ocontinued for one hour,

3» Then all valves were closed, the heater was disconnseted and removed,

4. Thile the elution oolumn wes cooling, it was pumped out via the
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vacuum manifold comneetion, When the pressure reached 25 in, meroury
vaguum, all valves were opened for additional pumping.

5+ The pumping was allowed to oontinue for 15 minutes,

6« Then all valves ware closed.
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Preparation of dilute krypion gas samples. The semples were mads

with the use of a pyrex glesas manifold with a ges Burette, Manometer
and sample zes bulb, with other needed accessories connected (see flow
diagrem Figure IV, attached), The gases used for the preparation of
the ssmples included resgent grade krypbton and xenon, pre~purified
oylinder nitrogen and commerelal oylinder argon. Measursd smounts of
krypton end xenon (when used as a sample component) were made up in a
double snded metal bulb which was then connected to a large, clean

(600 ou. in.) evacumted oylinder. The krypton and xencn were allowed
to enter the oylinder due to the pressure difference and then the sample
bulb and lines were flushed through with prepurified oylinder nitrogen,

to mske up the desired synthetio ssmple oomposition.

Other samples were made up in smaller cylinders (175 ou. in.interw
nsl volume) as follows: The whole aystem is evaouated and krypton is
introduced into the Burette and messured at atmospheric pressure.

Then part of the krypton is allowed to enter the oylinder and by measure
ing the difference from the total volume at first; the amount of krye
pton used for the ssmple was debermined. The other semple ges volumes
were determined the seme wey, Teble I gives the composition of a typie

oal dilute gas sample, used in this investigetion,
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TABLE 1

GOMPOSITIOR OF A TYPICAL DILUTE KRYPPON GAS

KErypton
Xenon
Argon
Nitrogen

SANPLE

G iti
(mﬁvo 13:» )

Oud
0,08
240

97,9

19
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Thermal Conduetivity Analysis of Effluent Geses from Adsorbent Bed

The unit oonsists

of the following components:

1. Reoorder - the recorder was & Winneapolis«Honeywell 02,5
millivolt full somle strip chart psn recordsr.

2+ Power Supply - this component meintained s steady ourrent
through the sensitive element wheatstone bridge over a
long pericd of time,

3+ Cell Unit « the heart of this unit was a speoial GoweMae
thermal conduotivity cell, A sehemetie wiring diagram of
8 typical cell is shown in Figure V, This cell was eleo~
tricslly compsnsated for possible temperature and surrent
changes, The oell wes mounted in & carsfully ineulated
sontainer to keep surrounding temperature fluctuations to
a minimum.

4, Gas control sguipment - the rest of the unit somprises flow
sontrollers and piping whioh were stratégically placed for
relatively quick cell response and stability, Also a high
purity cylinder of helium (XX grade) was inoorporated in

the unit as the reference gas stendard,

jgion of the

1, Sensitivity - the sensitivity was set as high as possible,
2e Sempling ~ the amount of sample required wes as little as

04l Bes.fuhy for continuous analysis,
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3s Versitility - the unit wes designed to be used for many
£E806,

Diseuaaion of oparation.

1, Effeoct of temperature on cell operation ~ with the high
sensitivity blooks sleotrically compensated, the recorder
would move no more than 1% full soale with & 10 degree F,
tempereature change, _

2+ Current fluotuations « in addition to the surrent regulabed
power supply, it was possible to esompensete the cell blook
so that a 10 % ohange in current would only cause the reaordw
er to chenge 1 % full soale,

3, Gas sempling ~ the effact of pulsation and changes of flow
are oritieal to the stabllity of these units. Temperature
and eurrent compensations have reduced these effects oon-
siderably, In addition, the ssmpling system wes designed

to maintein a constant flow with e minimum of pulsations,

Celibration of the Thermal Condustivity init, A schematie diagrem

of the components used for the ocalibrestions of the T/A ocell is shown

in Figure Vi,

First the oell wes balanced (Zerced with pure helivm) Pflowing
through the sample section of the thermal conduetivity cell, With a

zero point thus established on the recorder shart paper, mixtures &f

two &nd fifty perosnt by volume nitrogen and helium respectively wers

uged to determine the resorder full sosle shunt resistance for thoge
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two mixbures, With mixtures of one and twenty five pereent by volums
nitrogen and helium respeotively the thermal conductivity cell record-
er salibration was ohecked and the resulting defleotions were exsotly
one helf of their full ssale, With these points determined, it was
assumed that the respective deflectidns of the recorder against the
soncentration of nitrogen in helium wes a linear relationship. There-
fore by seleotion of the proper shunt resistance valve any soneentration

of nitrogen in helium from sero to two percent by volume, and from
zero to fifty percent by volume, may be read from the reoorder chert,
at any given time,

Calibration with krypton was not aceomplished, sinece its ocost

made its use prohibitive,



CHAPTER IV

EXPERIMENTAL RESULTS
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Elution Teohnigue Variebles

1+ Variation of totel chargoal volume of the ulgﬁiog(inumn.

Several runs were mede using e smaller volume (10cc rather than 22¢e)
of 70 by 80 mesh Columbie 6 G oharcoel in the second tube of the eluw
tion colhumn in an attempt to mceomplish the elution of nitrogen end
argon in lesa time., The experimental proeadﬁra is the same &s that
listed in the General Prooedure in Chapter III, This smeller charccal
volume was found to be ingsuffiocient to retein the krypton with as hizh
a recovery efficiency as the larger volume of charcoal (see results
‘andar Ferformenoe )s Table II shows the results of these two experie

‘ments using 10 oo of charcoel in the second tube of the elution cclumn,

From the results as shown in Table II se compared with results
in Performance Seotion, it osn be sesn that some of the krypton was
apparently lost due to the smaller amount of charcoal present. There~
fore ths larger volume of charcosl (22c0) of the two volumes studied
allows more efficient adsorption of krypton by the elution ecolumn (colw

leotion trap) although this voluwe (220¢) may not be the optimum amount,

2, YVariation of the flow rates of the eluting helium, The syne

thetioc samples were prooessed &s per the Processing Procedure given
in Chapter 1iI, Conditions otﬁar then the eluting helium flow rate
remained the seme, = In order to determine mny possible "bresk through"
of krypton during the flow rete experiments, the effluent gases from

the slution column were passed through the thermal conduetivity unitl;
before being vented to the atmosphere,

1 4 disoussion of the Thermal Conduetivity Unit is given in the Materw
ial and Apparatus Seotion (Chapter 1II1),



TABLE IX

RESULTS CP VARIATION OF TOTAL CHARCOAL VOLUME OF THE ELUTICN COLUMN

Ssmple No. Compogition of Synthetio Elution Colwan NoElution Pericd Kr Recovery
Sample Charcoal Volume minutes es
A g Er s Colleot Second
00, 0O, 08s __ 88s Trap ac Tube oo
p wm— 16,000 113 wee 10 10 80 97 86

X7 16,000 117 e== 10 10 60 84 T2

L8
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fslivm eluting; flows of 200, 350 and 500 co, per minute wers line
vestigated, As sson from the resulis listed in Tables III, all these
flow rates gave approximately the same final high percentege of kryptca

roaoverya.

From the results as shown in Table III, it was established that
the final opsrating nitrogen and argon eluting helium flow rats of 200
00, per minute was well within & given meximum flow rate (other condi-
tions remaining the same), This flow rate insures a minimum wastage

of sample during the elution of nitrogen sand argon.

3, Determination of Nitrogen Elution Period. After the semple

hes been adsorbed in the oollestion trap at minus 183 degrees C, the
trap is olesed off and the preesure is reduced by evacuation, initially
from the down stresm side and finelly from both sides, %o about 10 mm
Yeroury sbsclute, This effsots removal of a large part of the adsorbed
argon and nitrogen; the xenon and krypton remain adsorbed, The colleote
ion trep is then warmed rapidly to minus 80 degrees C, snd held at that
temperature, Desorbed gases pass into the seaond charooal column (of
the elution eclumn) also held at minus 80 degrees C, Any gases (i,e,
some of the nitrogen and argon) not adsorbed in the sescond column are
vented to the atmosphere., With the entire slution ocolummn held st minue
80 degrees C. (dry ioce), the remaining srgon end nitrogen are removed
by elution with a stresm of pure helium and are vented to the atmos-

phoro.

Using the same thermsl sonduotivity equipment snd s eluting helium

flow of 200 oe¢ per minute, thermal condustivity relations were obtained



TABLE IIL

DETERMINATIOR OF THE EFFECT OF HIGHER HELIUM ELUTING FLOW RATES
UK THE OvE PIION EECUVERY EFFICTERSY
Ssmple No. Composition of Synthetis Bluting Helium ¥itrogen Elution Krypton
Semple Flow Rate os/min. Period (minp.) Reoove
A Ha Kr Xe G0
08¢ QU Cle GQe
Xewd —— 18,000 110 o— 350 32 1068 98
=5 - 16,000 108 — 500 26 101L 95

82
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of the rate of nitrogen removal with time, The aynthetio samples were
procsgsed as per the proesssing procedure, Table IV gives the sxperie

mentsl results,

Sinoce there was apperently no wasbtage of krypton éuéing the 50
minute elution period, the elution duration wes stsnderdized at S0
minutes with & heliwm flow rate of 200 oo, per minute, Synthetic sam~
ples eonteining lsss Nz and A, required less eluting time to reach

{o,2% Ny in helium effluent soneentration,

Longer (than 90 min,) elution periods have been investigated and
the rate of Np removal after 90 minutes is almoet the same up to 4 hours.

No loss of krypton oould be determined over this 4 hour slution period,
Figure ViI shows & typical nitrogen elution curve,

4., Separation of Krypton from Xenom, The krypton is removed

from the elution column at room temperaturs by slso eluting with pure
heliume The xenon remains adsorbed on the charcoal at that temperature
(about 20 degrees C,). The above facts were determined with the use

of thermel oonductivity deta, Teble ¥V lists the experimental ocondiw
tions used in obtaining the typioal elution ourve (Fig. VIII,) of &

nitrogen, krypton and xenon gas sampls mixture.

It is evident that the separation was escomplished by contrel of
the elution solumn ohercoel tempereture (along with the eluting time

periods), which allowed selective slution of the respeotive gases,

The dotted lines of the atteched Figure VIII represent indefinite

periods of time, ginoe the peeks of the ourves are related tc ths time



TABIE IV

THERMAL CONDUCTIVITY RELATIONS USED IN DETERMINING THE NITROGEN ELUTION PERIOD

Sample No. Composition of Synthetie Nitrogen Elution Period EKr Reecovery
Sample Needed to Reash <0,2%

A By Kr Xe Ritrogen in Helium

00, co.  oC. 00s minutes oo, %
X3 —-—- 16,000 87 —— 87 80 92
X8 —— 16,000 101 10 70 - —
X37 850 325 78 12 40 73 84
=38 645 325 43 18 58 40 93
1-39 645 325 B9 12 42 56 23

11
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DETERMINATION OF CHARCOAL

TEMPERA
" YEROR T

TABLE V
TURE RELATIONSHIP
T e T I

I¥ THE SEPARATION OF KRYPTON
¥iy il A w5 .’t»:

N OF ERY1PTU

Semple No. Synthetie Sample Elution Conditions
Camposition Hitrogen Elution Erypton Elubion
A R Xr Xe Elution Elution He Elution FElution  Elution He Elution
0Cs 00s OCs 0Oa Columm  Flow Rate Time Column Flow Rete Time
TompC, os/ain, {min, ) TempC, ea/min,. {min, )
X8 = 16,000 10X 10 =78 200 70 20 60 30
Semples Ho. Xenon Elution
Elution Elution He Elation
Colurm Flow Rate Time
Tomp,?Cs _ oo/min, (min)
X8 ca. 100{1) &0 40

{1) ¥aximum temperaturs nesr the ocutside wall of the elution column was
140 degrees lentigrade,
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(other oonditions remaining the sams), only through the rate of heet
transfer from the surroundings to the chsraoel, It is very importent
to keep clearly in mind thet the thermal sondustivity unit was sslie
brated only for mixtures of nitrogen and helium and therefors ths last
twe ourves are only a relative indloation of eoncentratiom of krypton
or xenon in helium, The xenon and krypton curves were determined ua=~
ing the two percent nitrogen in helium scale of the thermsl oconduotie

vity unit reocorder,

After the eluting of the krypton, it took approximately 15 minutes
after hoat was applied to the elution golumn before any xenon appearsd

in the effluent helium gas stream,

6. Performanse of i:hu Elution Apparstus., A numbar of samplea

wore snalysed and it was found that the spparatus and elution prosedw

ures geave very good krypton recovery efficiensy,.
Table Vi, sumerises these results.

In order to oheck the performance of the apparatus and ¢lution
prosedures after empiriscally determining their operating limits above,
a number of dilute krypton samples were snalyzed., The krypton was
aolleoted in the krypton trap (Pigure II), m& desorbed into a oalie
brated volume for peroent resovery meassurement, Purity of the regovere
ed krypton was ohecked by speotrographic enalysis, Table VI mumaerigzes

those results,
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TABLE V1

COMPOSITION AND RECOVERY OF KRYPTON SAMPLES ANALYZED

Semple No, Volume of Krypton_used Krypton Reoovered
in mekxing smmple 1 sce %
Erypton es, Xenon oo,
X386 59 - 50 93
X~40 | 47 — 46 98
X»42 40 - 29 73
X=43 82 - 45 58
Xwdd 71 - 80 88
K45 54 -— 45 83
X~48 69 - 55 80
X147 26 — 22 85
X-48 34 - 51 g1

1 samples contained Nitrogen. Some samples eontained argon
a3 well as nitrogen,



CHAPTER V




38

As mentioned before, the variables were investigated not necessare
ily from a theoretical stand point but from an empirical view point, The
variables inwestigated were considered to bs the most pertinent in the

development of s method of recovery of krypton by elution teshniques.

In the study of the slution solumn total charcoal volume ss a funo~
tion of nitrogen eluting time, the results indiocate that 10 co., of chare
aorl {in the seoond tube) mpproximete & suffiecient wolume to recover
the krypton and yet allow less time for the eluting of nitrogen. In
other words, 22o00, of oharcoal is more than enough to adsorb the krye

pton at minus 78 degrees C.

The wvariables, eluting helium flow rate, charsoal bed temperabure
end amount of ocharcoal are obviously the significent faotors in the
slution technique., Better correlation of the sbove veriables im deterw
mining more preoisely the optimum operating conditions, and correlating

all results by statisticel methods is supggested,

Chargonl bed temperatures, cther than those reported were not in-
vesbigated sinee these wverious sorption tempereturss, were tha'aost

oconveniently obtainable,

The eluting heliwm flow rates investigsbion indlostes that hisher
helium flow rates can sefely be used, thus lowering the time needed for
the slution of nitrogen and argon, end still meaintain the overall high

parsentage of krypton reoovery.

8amples containing higher consentrations of nitrogen were found

to have longer nitrogen elutlon periods, as expsoted,
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It was determined thet there is en additioral smell smount of nitroe
gen eluted from the elution eolumn during the first stsges of eluting
the krypton from the elution oolumm to the second trap (Krypton trap,
Figure I1,), This small amount of mitrogen oan be removed by ohemical
means before the pure krypton is measured to determine the recovery

efficionay,

It should be noted that the krypton recovery effieiencies give
promise to quick and relatively easy, ms well as a semi-guantitative

snalytioal method for the krypton analyels of inert gas mixtures,

Every effort was made to maintein oonstant, all wvarisbles, exoept

the one being experimentally investigated.



CHAPTER VI

SUMMARY g%_?lf}} CORCLUSIOHS
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Veriebles that were studied in the development of em analytieal
method for determining krypton in dilute gas mixbures were as followsp
(1) Variation of total charcoal volume of the elution golumn, (2) Variw
ntion of the flow rates of the eluting helium, (3) Determination of
Nitrogen elution period, and {4) Seperation of Xrypton from Xenon by

slution with helium,

In verying the total oharscoal volume, it was established that the
total selacted volume of adsorbent (22ec,) was more then suffiesient to
adsorb all of the krypton and still allow inoreased helium elution flow

rates,

In the cperation of the elution column, if the total amount of chare
corl iz deoremsed, it ia possible to also deorease the length of time
required for the nitrogen elution pericd at & eluting helium flow rete
of 200 oo,/min, Howsver, with smaller wolumes of adsorbent thers is the

shanoe of not initially adsorbing all of the kryptonm.

With the selsoted total volume of charsoal {22 oe.) in the elution
solumm it was possible to inoreamse the flow retes of eluting helium up

to 500 oo/min, and still obtain the high perventage of krypton recovery,

The nitrogen elution period was established to be 90 minutes when
sanples vontained approximetely 98 peroent nitrogen, Of course, when
sanples sontained less nitrogen it required lees time for the nitrogen
elution period. In order to stendardige the operation, a nitrogen elu=

tion period of 90 minutes wus arbitrarily selested.
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In the separstion of krypton from xenon it was found that with &
helium flow rate up to 200 oo/min., the krypton sould be easily sepa=-
reted from xenon by ocontrolling the temperature and time of the helium

eluting period.

To sum up, the operating limita for the reocovery of krypton from
dilute gms mixtures by elution teohniques are ss follows:

Total gharoorl volume of the elution columm to be 32 oa,

Helium elution flow rates 200 to 500 oco/min,

Nitrogen slution period 90 minutes,

Ssparation of krypton from xenon at room temperature was complete

after 40 minutes with an sluting flow rate up to 200 so/min,

A high pereentage of krypton hes been rscovered from dilute ges
mixtures with the use of slution teohnigues, Certain warisbles have
been eupiriocelly determined whioh hewe lead to inoreassd effisiency
of operation ss well as ziving the limiting operating sonditions of
an apparatus especinlly designed for the development of elution teohw
nigue in the resovery of krypton from inert gas mixtures,

It ean 'be oconoluded from this experimentsl work that krypton san
be separated from other inert gases by & ocombined sorption-elution

tachnigue,



APPENDIX

PHYSICAL PRO?ERTIES_ D}‘_ TiE EXPERIMENTAL GASES. REFERERCE: INTERUALIONAL CRITICAL TABLES,

Chemical Atomio BePo HaFe Dengity Therzal Coaffielent latent Heat
Symbol Woight °c, 9%C. 0°C, El:atm. Conduotivity of Viscosity of Veporigation,
g2 oRc, poises . l,g-0al. (15°C).
E x 105 77X 10 per g.
4
A 36,81 =185,7 «1895,2 1.7824 38,2 2210 37.8
He 4,00 w2684 9 s—— 0.1788 338.0 1960 8
Er 83 «151.8 =169, 3,708 21.2 2438 ——
By 14,008 =196.,8 -209,8 1.28086 58,0 1770 47,8
Cp 18,000 »185,0 ~218.4 1.4290 58439 1860 50,9

b



- APPENDIX CONT'D

PRYSICAL PROPEATIES OF THE EXPERIWMENTAL GASES, REFERERCE: INTERNALIONAL CRITICAL TABLES.

Chenmiocal Critieal Constents Heats of Adsorption ;
Symbol tq Pa {Cooonut Chareeal at =1859C,
o¢, atu, om® © from O to o 760 mm)
A colg) foe(s) Q joule Q/A
A “122.4 48,0 04531 175 104 o59
' He ~267.9 2.26 0,069 15 | 85 #55
By -239,9 12,8 0.0810 185 58, .28
Er -824.6 5442 o——. i - ——
¥y ~147.1 3345 04511 : 355 106 .68
0p ~118.8 49.7 0,430 230 142 .61

Xe 16.6 58,2 1.15 . —— f—
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