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I. IBTRODUCTION

One of the problems involved in the prepsration of fissionable mater~
ial sultable for preduction of atomic power is the separation of a very
amall smount of the desired substance from large quentities of insctive,
dangerous, or harmful materisls. This may be done in some cases by phys~
ical methods aﬁﬂ:’lﬁng the slight difference In weight of ﬁﬁ@m isotopes
or it may be done by chemical methods if the desired eubstance is chemi~
eally different from the other elements which may dbe present, It will be
recognized that the former applies to U250 and the latter %o plutonium
manufactured by & nuclesr resction in the chain reamcting piles.

Uranium, when bombarded by neubtrons, in addition to umdergeing fis-
sion of the U238 (present to 0.7%4) also experiences capture of the meu~
trone by U258, 4 redicsctive isotope is produced which in turn decsys to
produce other members of the series in the following mannery

m
The Pu®®® when isolated sud purified serves as materisl for produce

U8y v UBO o mp?S0  , S, g6

tion of atomlc power. For sach pound of plutoniws, there is produced st
the ssue time approximately one pound of fissios products from the fis-
sion of the U255, Table 1 (1) shows the smownts of the different ele-
ments produced for various times of cooling af'ter one hundred days opera-
tion expressed as grams of element per ons hundred grams of ¥p25% mnd
Pu®38, 1t can be seen from this table that the splitting of the uranium

atem is not symmetriocel but produces rsdicactive slements in two groups.
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tremely hard energy decey almost completely. On the sversge only about
0.025% of the uranium 1s converted to plutonium. The ramoval of plutoni.
m fwm the wast quantity of urenium present and the subssguent purifics.
tion from the various fission preoducts must be accomplished by some series
of more or less complicated operations. The general procedure followed
in nesrly ell methods has been given in deteil in seversl seoret reports
and is outlined below. The steps are usually designated as:

a. Separation, or removal of ﬁﬁm uranium, '

b. Decontamination, or removal of most of the fission products.

¢. Coneentration, or reduction of mmount of cerrier.

d. Isolation, or final separation of product from last trace of
carrier.

#. Purification, or remowal of every other objectionsble elemsnt.

In procedures involving precipitation of the plutonium a large smount
of carrier muet be added in the first two steps. Thus, for these methods,
the concentration step is important. In other procedures, especislly the
adsorption provess, no ssrrier for the plutonium ie added since there are
no guantitative precipitations of the product. Consequently the concen-

- ¥ration step may be omitited when the sdsorption process is used.

In the first step (eeparation) the plutonium is removed from the
ursnium by ohemiosl methods using either the dry or wet procedures. Next, |
in the decontamination step, the plutonium is removed from the dangerous
fission products in order that it nay be handled with relative safety.

The degres of removel is ususlly expressed as & decontemination factor
{abbreviated n. ¥F.). This is caloulated as the ratio of the original com-
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8, The columms are sulted for remote ocontrol operation since they
have no moving perts, The flow may be by gravity, thus regquiring no com«
plicated machinery.

b. The celuwmns are ideally suited for removal of a very small smount
of the desired material fron very large smounts of other ions. The seclites
and other ion exzchange mdsorbents have been used in industrial installations
for similar purpcses. Thus small smounts of calclium and magnesium are re-
moved from large smounts of water. The powsr of the adsorbent to remove |
an ion depends primarily upen the valencs of the lom, and since plutonium
is tetravelent, it will bs adsorbed very strongly, affording & basis for
separation from the monoe and divalent ions. With these adventages in
mind various investigators (5,4,8) have developed procedures for the aep-
aration of plutonium from the uranium, 4 very susccessful step has been
worked cut by G. g; Boyd (6) and his eo-workers.

This paper deseribes the use of the ion exchange columns for the de~
contamination of plutoniwm, It further describes the method of using both
the ssparation step devolved by Boyd and the decontamination steps in a
single integrated procedurs making possible an all adserption method for
production of the plutonium in & condition suitable for the purification
procedures.



Il. EISTORICAL

A. Adsorption

The first studies on adsorption were made by Scheele (7) in i??a
in his experiments on the adsorption of gases by charcoal. In 1785
Lowits (8) discovered that charcoal would resove certain organic materie
als from solutions. The first use of adsorption colums was by Tswett (9)
who noted that certain sclored substances wers less ﬁr&%&y adsorbed then
a‘tkiﬁm and would move more repldly down a column of a suiteble sdscrbent,
In 1806 he émaquad 2 method of analysis ming the principles of relative
sdsorption. Through this wethod he was able to separate into itse conatite
uents a very complex mixbure of coloring agents as found in neature, This
method was utilized First in the study of leafl pigments. The complex mixz~
ture was poured through & column containing the esdsorbent and as the solue
tion traveled mm. geveral differsnt celored bands appesred, These
bands could bs developed by washing the column with additional solvent,
Besause of the appearance of these oolored bands on the white adsorption
golumn, this method wes cslled *ngnpm Adsorption Analysis", and
the general procedure was cslled "Chrometography". These names were later
applied to processes using the seme genersl procedure and theory sven when
Bo colored bands were formed. Later a great veriety of adsorbents was
found to be useful snd the procedure was developed into & very generally
gaam nethod for separation of components of a mixture, even in some cases
vhere these components were lsotopes,



#Tuy UF pemioy sioSwwuoxs wOy ow *{eiiegem Sujjivaw w3 Jo esmeoed ‘seTy
~sodoxd efmeyowe woy pemoys gonposd Fupiinesd oyl PION OLINFING POTRIUSO
~HOO UYLIR Pogwey eres ‘wudrl J0 ‘sujuuey ‘TEOD SR YONS ‘STETISUN #Moecw
~uoqiwo ueyy *(g1) pescavestp suk lePueydxe uoy Jo odfy Meu w Tegwl

SOLTIONT WINOROWUOGIE] D

*gd 807 JO SHOIYNIOE WAYA 3OWRUCO ogumy gudnoaq
uous payuaBequisTy sum BoT3geT w.«aa.wﬁu oy esnwoeq sBuvx Fd pegyury ¥ Uy
Krue srquoyidde exea *puws Jo uoysny hﬁ Ayrensm pemtol seg1roes oyysusule

esoyl *Juruesyos zeyws of worywoyrrdde a7euy peaueidng puw sesyIoew 1Y
~psecons ATTeTosewmon 3841F eyy pesngougmuum (T} suwh 32eqod 906T Ul
| | *moy yeurdtae 23 30 ROTYHTON
Jo sweoxs ue My Supysss Lq pegvreuedex oq pinoe Jeduwuexe uoy Syl puw
STQI8I040 SieM SUOTIOVES 02OUY ywyy punoy (11) UrOWYSTH °H 998 Ul
iﬁwﬁ%@, gea seoccad oy 4wy pejess
&.,m Qr%ﬁ ‘guorsnyoues Tedewsd wyy wI *e3VOLIIS UWnUTUNTR EMYpos ¥
‘S37T008 TYIOTFIAIT 4811F oU3 epwm osTe fep “Aearyesyavend puw &ﬁﬁ&
~u3trenh yjoq 170N ENOLINA Peqees oY HOTUS U sjusuwiiedye 98 pegodex
SH *uot Wnyolwo ¥ Aq uwoy wmyuowme euyy Furpowydes ‘uoignyos w woxy myres
i oo oﬁﬁaﬁ ous poacusz sTTos Awye ey pUnoy eF *sTIos £y srnwem
5 Uoyausqes om o 38TPTAE Fo FoTies w epEE “uopuoT Jo A3eesy Tarns
~1ropady Tefox ouy o3 asTweus Juyynence (o) Awa semoui *f 0gsT WI

#Juweyox3 oruel g



‘eyy up ulsex eSuwyoxe worywo eyy Furen Ag  *prov oluoqews Agq eplow Jauje
soe1des puw nﬁw splysprwmioy supuy »ﬁ Jo Si uﬁaﬁ uwgwt uotue SUuL u
| *HO31T00% SNOPOENOYLIED YL O OEYY VU Ul ¥9 Uoy g%aw T 10 nswag ]
z0q3 10 Aq woy Aue deamﬁ oy opqyseced 51 Bupneuw wﬁﬁ, TR wapos ¥ 10 PO
U Jousle pejwaensax oy Lew surses esoyl redfy epluvprewmzoy yowewud euy
JO SeATIBATISD PegwuoIINg Bre suises sfuwyoxe uUoTiwo SYL “UIsEl oy} ojuY
sdneas pioe oruogns Fupywrodzoouy Aq peurwiqe oq pinos Ayjoedeo efwews
~X% POSVOIOU] J¥YF PUNOY ua ,ﬁ aeq97  *edfy spAuspremioy euywe Jo spfusp
~twmzos yoweyd sys Jo sulses woiy epeu sq PINOD SIeFwUGOYS WOY JEUY PUNGY
(»1) soutol puw swwpY weus 25T uI owmo Lieacostp juwsroduy y¥ew eyl

‘yupeey eduwqexs wol G

. “seteko 0oy se3Je
woas Aqowduo o $8OY OU MOUN PUS OTqEIE AI6A 0¥ BORTTO0E PR —
*genTeA ﬁ aoy Lxea 3% eyvaedo of erqresod outw ¥y 31 ﬁ%aiﬁ:ﬁ%% LY
orqereduos 2ejum PeITHOT-ep ¥Y UOTIEOTSYEEIED zegye jompard [VUTS ouy meye
~H0IWOTq 20 WejuHOqIWO Sy Juesead PTIOR Tewrdris Sy 3&& oy weFoxp

~fy Lq wuotawo 2ewyo (T8 eFusyoxs oy etqjesod sy ¥ snun . ,ﬁ&éa? vo
390 9UOC ﬂ« gﬁ aﬁew nedoaplyq w ui«w o ﬁwa& ﬁﬂs gﬁuﬁaﬁ oq hﬁﬂ
Koy yeyg aaﬁm &4 uo ggsex K»@% uet Jo FERTO Meu nﬁﬁ .wa somwegaod
~uy yeexd eyl *pyve ﬁnﬁﬂwﬁﬁnﬁm@ ao a«ﬂmﬂﬁhﬂ anyas *prov eﬁ%
Suyung sw yons wauedv SurgeuosTAS WATE STVTAeyVE smOSoEUOQIES Fupyessy

£q pemroy ,qrey-oeZ, vy fupog esn uy S41106% ENCLOBUAIVO YOns SuD

*GO4TTO0Y SNOSOVUCGINS DPOTIEO HIOM Jeuwew

-0t~



.-»Nu.l.

hydrogen sycle with the aniocn exchange resin followed by a degesifier it
 4s possible to remove completely &1l ions present in a solution, The
right of menufscture under the original patents of Adsms end Holmes were
given to I, G. Parbenstoff A. G. on the continent and %o Resinous wgaﬁu
and Chemiosl Compeny in the United States. The Resinous Products end Chem-
iocal Company now menufacture ion exchenge resins gw the trede neme of
Ambsrlite.

E. Use of Adworbents on the Project

The first spplication of @ﬁ_ adsorption procedure ﬁmwwwwm to radiow
active materials by members of the wﬂ&aaw was & method wquwawua by
Schubert, Boyd, end Motte (18) for the separation o&,ﬁw, and UXg from 8o~
 Jutions of wrenyl nitrate by Norite. The same adsorbent was Wmﬁw to e~

move gadelinlum to the extemt of 75 wﬁ. sent, The remcval was satisfac-
tory for dilute sclutions but falled in the case of ssturated uranyl nie
trate solutions,

In subsequent reports the same workers tested other nmaterials ine
cluding silios gel (16) and ion exchange adsorbents (17). By u‘ﬁwgwu
modifiostions it was possible to fractionats various ions and thus achieve
» partial ssparation of soms of the fission producta. BSome iona, urasyl
thorium, berium, mercuric, snd silver, wers &ﬁg in ﬁgw and the oxe

~parimental data were collected and plotted (18). Curves were fitied to
these data by the method of least squares and the constants determined
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from these curves, These constants sorved es the basis of research on ine
organic ohromatographic isolstion of the elements, ,

At s somewhat later date Seaborg, Willard, and others experimented
with vericus adsorbents in an attempt to separate plutonium from uranium,
In the first group of experiments they used as adsorbents fullers earth,

- silica gel, sluminum oxide, Norits, oxine, oxine in wesk soid, kmﬁ filter
paper, In several cases as noted in the table below they obtained s pref-
erential adsorption (18).

Table 3
Adsorption of Plubtonium snd Urenium on Various Adsorbents

Adsorbent % Pu Adsorbed % U Adsorbed

Kluainum Oxide e | 0
oxine R . gg .
Gellulose §8 -

8&:&@ the results uppea:ﬁé gmmixing this line of ressarch was con-
tloued. Both batch and column experiments wore tried using Hyfle Super-
Cel, silica gel, resins, Amberlite IR-1, barivm sulfats, bariue carbonsbe,
and Zeo-Karb, in addition to those previously used. | A systematio study
wes underteken %o éMin~e the effect of pH, consentration of uranyl .
salts, and the height of the solwmm, In one mrmﬂb {20) 'aaiag Byflo

Super-Cel which is 83 per cent silica, over 96 per cent of the plutonium
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Table 4
- Resvltes of Sepsrsation Procedurs Using Ion Exchange Columns

b

Solution % Uranium % Beta ¥ Casma % Plutonium

Effluent 86 8.6 0.9 very low
Dilute H,80, Wesh 14 2.7 2.8 very low

In order to desontaminate the plutonium to & sefe level, experiments
were tried using & seeond column packed with zimniua phoaphate on glaas
wool (22). Rarly trials gave favorable results but later experiments on
& large scale proved that this type of columm was entirely unsatisfactory
mainly because of excessive resistance to flow under practical mr&mg con-
ditions (28). | |
Beaton {2¢) and others al@o experimented with complexing reagents in
an attempt to find a reagent which would give preferential adsorption of
plutonivm. Among other reagents they tried oxmlic aeid, phoaphoric scid,
sumonium exalate, polassium oyanide, snd citric ecid with negligible suc
cess. fm the most favorsble experiment there was & preferential adsorp-
“aién and elution of fission products giving & decontamination factor of
86, These experimenis were discontinued becmuse of the irregular results
over several cycles probably due to breskdown of the resin. Some further
experiments (25) were tried using & titenium sdsorbeat. The decontanine-
tion factors were high, awmging around 5000 but the yields were only 30
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111« THRORETICAL

The procedures used in the investigation were predomineatly ion ex-
change methods. Albthough these sre callsd adserption colwmas, the prine
ciples ars best explained from the standpoint of %a mass action equation
rether than from the standpoint of adsorption,

- The simplest equation to sexpress the relation between the concentrstion
of a somponent in solution, o, and the auount adsorbed per gram of sdsorbent
‘18 the sowcalled Freundlich equation (27) which was first stated by Beme
melan (28):

z z ke®,
where k sad n are both mmta, o baing smaller than ons. These constants
may be evaluated by detemmining different values of x and e, If x is
plotted against o, the resulting greph is called an adsorption isotherm,
Siww this timgh mguaﬁian does not alweys give m%:u.tamry results, seve
eral m&iﬁeﬂi@n& have been suggested (29).

In the osse of the ion exchange resins, the reactions may be expressed

in the fellowing manuer; , ‘
| | ﬁ++"i’mz —= mt' +ﬁz, o .

the base axuhmgs mi&m’m Zzwing mﬁmm‘&a@ by 27, ﬁm hyémgsn tam bew
ing HZ, snd the sodium form being Hel. .

The muim of the reastion will depend upon the relative sguilibrium
constants. Htudies of these equilibria by other werkers (30) have shown
that they éwmd upon the size of the ion and i%ts valences The latter
factor is the méra importent, Thus bivalent ions are bound much more
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ion appears to an apprecisble extent early in the rum. %This oceurrence,
wgﬁ‘ as uw%nw lessens the valus of the process since & less pure prode
uet iz obtained. _

~ The column is then "regemerated” by pouring a & per cent solution of
sodium ohloride through at a definite flow rate. The large excess of rela
tively concentrated selution removes or deserbs the calcium ions and changes
the zeclite back to the scdium form, The desorption of an ion by & concen.
treted solution is slso called elution. The solution used to elute the ion
is gww&. the eluant and the solution issulng from the columm is called the
eluate. When a sclution containing seversl jons is poured through & base
exohange oolumn, it 1s Sometimes desirsble o remove some isterfering fon bee
fore the a_,wuwi lon 1s eluted. This may be %ﬁa by pouring some dilute scid
or salt uwww,.wwﬁﬂ through the colwmn. This w?gﬂg is called "washing™ the
column,

By making bateh adsorpiion studies in which a certain emount of the
sodium seolite is shaken with a smolution of a sali, as for example 2 cale
- clium salt, until eguilibrium MW reached, & value of the equilibrium constant,
K, may be cbtained. Thus for the squation,
2 NaZ 4 Catt - 2 Ba* 4 ¢aZ; ,

£ = Wﬁun h@.ﬁuu.,
o] ol

and in this manner by contimaing the studies for different fons obtain the

one may calculate K, where




i

eguilibrive constante and thus predict the qualitative behaviour of ths lons
on the columm, This has been done by a group of workers on the project (31),

The data from the adsorption studies are usually presented in the form
of graphs, The two most common graphs are the #gﬁw#wmw isotherms mentioned
in the second mﬁ%ww of this section, and Sohumenn curves in which the
eoncentration of the ilon in the effluent expressed as mﬁw cont of wﬂww.»aw
activity is wwa% against the volume of effluent. The admorption isothemns
are wﬁwﬁ& from batch adsorption studles snd are welusble for %ﬁ@ﬁw.n
w»ﬂm&,,%g of data in a w»ﬁwﬂwﬁwﬁ ‘.uag» but they are no ,mﬁ&mﬁ»gw‘ for
sctusl column studies. The Schumsun curves obtained from sctual aawg nms
u%»wm nore time but provide scoursta data. |

As was gﬁwaw above, it is also wanawww& to separate two ions possess-
: ing the wgw valence if they are suffisiently mﬁwﬁ.@.« in size. Thus in the

first column of the Wﬁwgwa table, the degree of adsorption is:
ost > B Dt > wat ) L1t

| me«»%» is most strongly adsorbed because the size of the ion is waﬁwwtu&s

| | It is possible to utilize other factors to effeck a nuwwwpwwﬁ of two

wmwm. @g mﬁ% ,wg,«uw iz the n&.&ﬁdq besicity. Thus, wn. gt has & solution

of two ions, one of which ie & relatively weak pase, at & fairly high pH the
weak bsse will be adsorbed strongly since it will tend to wwma»wmﬂﬂg oﬁ. the

| gwgq In & more mﬁwﬁﬁw muﬁwa if the sonditions sre such thet an ion pro-

aw%ﬁ.«% out 4t will be adsorbed or mﬁawwg&&,& the colums and bound

very strongly, in some cases mo strongly that it is desorbed only with the



greatest difficulty. Related %o this is the é&‘i‘a@"& of colloidality (52).
| It #ha conditions are such tha’ﬁ the lon tends to forn & eallaid, ﬁ.t’i:s readw
ily sdsorbed by the resin aud demorbed only under drastic conditions. The
best axmiglm of this ere sirconium end columbium, If the @aﬁitiém are
right, these ions will be adsorbed in the colloidal state at the very top of
the column snd are not removed even by large amounts of sodium bisulfate (33).
gtill another method of #@mﬁiﬁg jons by mesns of adsorption columas
is based on the ability of these fons to form complexes with suiisble orgasic
reagsnts., If a positive fon forms au inmner complex compound the positive
charge is essentially removed ané the ion will not be adscorbed. A very prace
tical way «éf‘ doing t%sis iz to form sn inner complex smalt, as for example the
complex of iron with ferron, whioh forms e negative ion in solution. Thus
the compound formed has & negative charge and eanm mot be adsorbed on a catien
exchanger, If two i&naffam complexes with the sane ‘reagmt, they my be
sepsrated by adjusting the conditions on the column so that one of the comw
plexes is destroyed., This may be done by adjusting the pH o such a value
that the complex of the reagent with one of the ions is unstable and as it
comes in contact with the resin the lon will be adsorbed. If the ocomplex of
the reagent with the other ion is siable at this pH, the ion cammot be ade
sorbed, but will pass on through in the complexed state, snd m: & ‘sgpamf
tion will be effected. In the same msmner, by sdjusting the conditions,
such as pH or concentration of elumnt, one ion amy be prefersmtially eluted,

leaving the other iow or ions on the column.
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4+ Statement of the Problem

#hen work wes started on this problem the Amberlite eolumn hed bdeen
shoms to be very successlul for the seperation of the plutonium firom m
urenium, giving ecmplete separation and high yields. The fission product
setivity wes sﬁrmi high, however, and soms additions] step was needed to
reduce this setivity to a safe level. Since over 99.9999 per sent of the
d without eny loss of gzat@im, this decone

fisaton products mist be remove:
tamination could not be effected by simple ion exchange. Tt wes suggested
by Dr. F. H. Spedding that $he plutoniuwn might be complexed in sush a memner
thet it would mot be adsorbed. Thus the uranium solution sould be pessed
through en Amberlite column. The plutonium would be sdsorbed and later
removed with & suiteble aslw. The plutonium in the sluate sould be come

’ ’ ’ th & second Ame

Plexed with some reagent and the solutfon then passed thr
berlite colwrm. In this eclwm s}l fons except plutonium would be adeorbed.
The plutonium would go on through and thus be am%ﬁ from the sceompany=
ing fission products. | |

ned with amiﬁyiﬂg or improving eny
gines these had been worked ocut in

The investigstion wes not conece

of the existing separstion procedures

detail and were very succesasful. However, there was a definite need for
the development of a decontamination procedure

which eould be coupled with



S

the separation step.
‘The research was then resolved into several problems.
8. To find & aw%w»,wa gwﬁwg agent for plutonium.
b. To develop an integrated procedure on 8 laboratory sssle.
- & To adept this procedure %o a lerger scale and test it on @ pilot

plent. ‘

‘8. To determine the partition of fission product sctivities.
- The complexing sgent &4id not necessarily need to be specifie for plu-
tonium. To be of walue it should meet the following vequiremente.
. 8« It should be soluble in ﬁﬁ? since 1t is mich sasier to sdd ve-
agents 1n the form of & soluticn, |

b. The complex should be soluble in water; otherwise it would be pre-
gipitated on the adsorbent..

¢+ The resgent should be sisble, espesislly to madiastion and to changes
in pH or temperature. If the resgent decomposes io give gaseous g&ﬁg
they could ceuse troudble by building up gss pockets end in this menner ine .
eroasing resistance to flow. Any deccmposition of resgent also is likely
to %ﬁa a loss of product.

B. ¥aterials and Inetrum

Ferron 1s @ popular pname for Mﬂw%a&..w%_.r.f yguine



also known as Yetren.

It ic uesd as & specific solorimetric reagent for iron, and has a use in
medicine &5 & substitute for fodoform. It is only slightly eoluble in
water or other ordinery solvents. The ferrom used in the following experi-
ments wes obtained from Eastmen Kodsk Company sud from G. D. Seerles and

CH,505H
1% was manufectured by and wes cbtained from Resinous Products and Chem~
icsl Compeny, Fhiledelphis, Pennsylvanie.

The Tiret experiments were carr

ed out using solutions of urenyl nitrate
which had been enrished by the addition of e solution conleining & knowm
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Befors the counter wes used 1ts pexformance wus checked, Table 5
gives the agreement of various semples baving different sstivities.

Tabls 5 | |
Messurement of Semples of Different Activities

Volume of Samples Counts per Mimute Counts per Minute
in picroliters per Mieroliter

1.552 199
1.552
1.552

74385 472 ‘ 199.5
74385 W

7.960 - ras 1%
37-360 7 _

288

The results show thet excellent egreement is obtalmed for samples
ranging from 300 counts per mimite to over
errors imelude ell errors in tramsferring of samples, calibratiom of pi-
pettes, self-gbsorption, end other mechenieanl errors in addition to the es-

7000 epunts per minute. These

$usl error of ecunting. The disecrepancy for the 7.385 mieroliter ssmple
sould be due to faulty ealibrstion of the pipette. The last value repre~
sented the lsrgest smount of scolution which could be used.



Pigure 1 48 & greph showing the platesu curve (sounting rete plotted
against voltege) when determined with mo beta estivity present, and the
effect of & high bete setivity. In the second case it is possible to meas-
ure the slpha disintegrstions sven in the presence of the large smount of
beta, but a slight eorreets

wetion factor mast be wsed. The platesu is shortened
‘considersbly snd shifted slightly. Thmus 4t is wise to re-determine the
: a«a&im sample is %o be mpasured

platenu if an

C. Hethods of Anslys:

the lenthanum fluoride procedure. In this method, 10 milligrems of lan

thenum oarrier were sdded to the solution conteining not more then 10 per
eent of urenyl nitrate. The Jsmthenum and plutcnium were precipitated by

ric acid. After a waiting period of thirty minutes
to ensure cemplete precipitation, the lanthenum fluoride wes eentrifuged
off in 8 lusteroid tube. After washing Mﬁ, ‘the lsnthanum fluoride wes
weshed out with 10 mormal -ﬁuxm#xﬁié inte a platinum dish end evsporsted
%mﬁiifm of sulvhur trioxide were swolved. After walizag. the lenthenum
sulphste was taken up in ios water snd the plutcaium in the #&hﬁm wes
oxidized to the plutonyl stete with silver nitrate am‘t m&m persulphate.
Ad@iticnal hydrofiuoric eeid was added to the sclutiom in order o presip=
itate the lanthenum. Since cnly the lower valence states of plutomium

form insoluble fluorides, the plutonium remeined in solution. After cen-
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Figure 1, Plateau Curves for Proportional Alpha Counter.
L = No Beta Activity Present
B - Beta Aotivity Fresent
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very high scourasy but served fairly well for the less sotive samples.

¥hen the samples were more active or were contaminated with a large
suount of fission products as in the later sxperiments, the lsuthanum
fluoride procedure was of no value, In these cases the sanples with added
lanthanum carrier were made } normal in sodium hydroxide. The precipitated
. hydroxides were centrifuged off, washed, dlssolved in dilute nitric said,
and made up to & suitable volume, in most cases 10 ml. A 50 mieroliter
aliquot was trausferred to & round pletimum disk, dried under s infrs red
lmp, and counted on the proportional alpha counter,

The :lmtmwaye was used to measure the fission products, The ssmples
were nxasliy neasured on the £ifth stage of the electroscope. For total
fiesion product activity a measured smuple was placed on a watoh glass, evepe
orated to dryness, and measured, For totel rare earths, 10 milligrams of
lenthanum carrier were added and this was precipitated with hydrofluoric
a0ld in & flat bottomed lustercid tube, After drying the sample in an air
stream, the bottom of the lustercid was cut off with & ragor m;é,e,; mounted
on pasteboard, and messured. The activities in ome run were all corrscted
o the date of the analysis of the original solution. The efficisncy for
neaszurement of the gamma rays was only 1 per cent of that of the beta reys.

In all ths experimental runs using moderately moctive slugs & major
gertian of the beta and gemme ray mﬁva wsurmg in the final atspa of
the prama wes due to UX, and m:a. In erder to determine the total smount
of activity due to Xy and U I’.z vhiaiz is grexant in the arigixml solution, an
snalysis of uranium for these activities was carried out in the following
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nanner.

4 sample of uranyl nitrate was dissolved in 50 ml. of weter. Lsanthanum
and thorium carriers were added and the UX; precipitated with potassium flu-
oride and hydroflueric seid. The §rw:igitaﬁ& was measured for activity on
the same slectroscope that was used for messurement of the fission produsts,
After making corrections for background and standard, the following value
m obtained;

X aotivity = $0 4/m per gram of uranium. As was mentioned before,

the activities were measured on stage 5 of the electrosceope.

D+ Batoh Adsorption Studies

In order %o obtain & great desl of qualitetive information of the
complexing powers of warious resgents, batch experimenta were carried out
uwaing the procedure described %wflam

A stoeck splution coniaining a known smount of plutonium was prepared.
Two ml. of this sclution were placed into each of seversl 180 ml., beakers.
A known smount of the reagent to be tested was added end the mixture was
filuted to 60 ml. One %o 2 grams of the adsorbent were added and the so-
Jutions wers allowed to stend for a definite tiwe with intermittent stir.
ring. At the end of this time, the supernstant liquid was decanted end
the residue washed once with water by ﬁmﬁuﬁmg The supernatant and the
washings were combined, aﬁyamte& to dryness, and then analysed for pluto-
pium by the usual lanthenum flucride prosedure. The sample was mounted on
lusteroid or platinum snd counted on an alphe sounter. The adsorbent was
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destroyed with nitric and sulfuric acids. The residus wes mounted, and
sn analysis of the plutonium was made with an alphs counter. :

In Table 6§ are listed the results using Zso~Kerb-H as the adsorbent.
The destruction of the Zeo-Kerb with nitric and sulfuric scids was not
very ma@fsam since it conteined en apprecisble smount of inorganic mew
terial {mostly silica). This necessitated & more complioated method of
snslysis, possibly introdusing errors.

The plutonium whioch appeared in the watsr layer wes the portion which
wes not adsorbed by the Zeo-EKarb. The blank gave san indication of the
enmount #m&wﬁ at equilibrium when no complexing or precipitating agent
was presant.

If eny precipitating asgent is present, the amount of plutonium in the
supernatant should be less than in the blank., On the other hand if the
reagent forms & soluble couplex, the gsmwt&gt of the total plutonium ape
pearing in the supernetent should be higher than for the blamk. The results
indivated thet pars-hydroxyasetophenone, ferron, pyridine, and perhaps |
pnémﬂmmmmmmie scid and sebacic acid formed soluble come
plexes and prevented adsorption by the Zeo-Earb.

The experiment was repeated using Amberlite IR-1 giving the results
shown in Table 7,

Again ferron and sebscic scid complexed the plutonium end prevented
adsorption. Sebaelc mcid is not so desirable since it iz practicaelly ine
soluble,

Ancther series of bateh adsorption tests m run in the following
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Yable §

Pistribution of Activities in Batch Admorp~

~ tion Using Zeo-Earb-H as Adsorbent

it
b

Aotivity in

Selution

iﬂivity on
~ Adsorbent
{By Difference)

Counts
per min.

%

Blank

Pyridine

Quinoline

Plorolonic &eid
Ferron
p-Dinethylanincagzo~
bengenearsenic dold
Sebacic Acid
Potassius Thicoysnate
p~Hydroxyascetophenons

282
252
276
263

309
321
205
884

43.4
3.5
56.7

40,5

§3.0

47.5
49.4

56.6
46.5 -

57.7
59.8
47.0

§2.6
50.6
68.6
41.0




Table 7

Plstribution of Plutonium Between Bolution
and Adscrbent. Anberlites IR-1 Adsorbent

Sample ' Water Extract Residue
e/m % % (By pifference)
Beries A :
Blank , 560 56 45
Pyridine 260 40 80
Quinsline high - —
Potassium Ferricyanide 436 65 35
Acetylacetone 285 44 568
Bthyl Alochel 263 40 60
Ferron 6387 98 2
p-Dimethylaminoazo- , ,
bensensarsenic Asid 380 64 46
p-Eydroxyacstophenone 280 45 56
Sebacic Acld 500 77 23
Potessiun ‘rhiaaymtm
snd Hydrazine 6 s 85
Series B :
Blank 417 58 - 42
- Ethyl Aloohol 496 66 34
Pyridine - b87 78 22
Qaimlim 400 &€ - 44
Hed i gHa wﬁ ﬁs . “
- F 50 29 1
gnﬁimctkyimmwa*
bensenearsenic acid 407 67 43
Kitromethane 413 57 43
ol-Hitroso. f-naphthol 671 8¢ 20
29

meFhenylenedismine 511 73




manner, To 2 ml. of plutonium trecer (1250 o/m) were added 1.5 ml. of
complexing reagent. The pH was 3&3&3%& to approximately & as tested with
Hydrion paper. The solution was diluted %o 20 ml. and 3 grems of Ambsrlite

IR«l resin were added, The tubes were corked and sheken intermittently
over & period of three hours. In soms cases urany) carrier wes added. The
results of the experiment are ghown in Tables 8 and 9.

FPurchydroxanic aeid gave positive results showing thet some complexe
ing had taken place but it scemed inferior to ferron.

8odium slizarin sulfonste {Alizarin 5} gave very high results showe
ing & strong complexing sotion. However, it seems to form soluble comw
plexes with the rare earths and would be of little vaiue for separation
procedures.,

Two azo derivetives resembling ferron, T-azobensene~8-hydroxyguinoline.
B-gulfonio scid and &hyéﬁmuia@lwtwm:mu}ﬁaw acid), were ob.
taimé from Dr. H. Dishl. The former was fairly insoluble in water and
formed slightly soluble complexes with uranyl and ferric foms at the proper
pH. It gave completely negative results in batch experiments and proved
to. be of no walue, The latter resgent was v&ry soluble and formed insoluble
precipitates with forric, uranyl, and thorium lons. It gave positive rew
sults in the batch experiments and would probably serve as e sstisfactory

somplexing reagent,

gt g@lm ; 38 i 7l

1. Preliminary studies using reolite columns
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Table 8

Distribution of Piuvtonium Between Solution
and Adsorbent. Amberlite IR+l Adsorbent

Conplexing Reagent Amount Wy Added Plutonium Not Adsorbed

o/ *

Blank Hone 362
Furchydroxamic Acids Jone 486
Purchydroxamie Acid b mg. 820
Ferron Hone 8435
Potasasium lodate Kone 529
p=-Hydroxyscetophenone None 695
p-Hydroxyancetophenone b mg. £16

gresees
© 8 5 & & & g
P OWOo

Aligarin 8 6 mg. 896
Aligarin § ¥one 886
Blank Bone 141 18.1
Perron Rone 784 85.7

T3
23

# The furohydroxamic acid was obtained from F. J. Wolter and B. D. Browm.
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Toble 9

Degtribution of Plutonium Betwsen Solution
and Adsorhent. Avberlite IRl Adsorbent

s s

Uomplexing Reagent ﬁﬂ*&ﬁ;&m Ret &é%orbsd
°,

i

po
——ch

Biank 4056 4040
FPerron - 478 470
Bepcent A 406 4041
Reagent B* . em 6245

* Resgents A end B were obteined from Dr,. H. Diehl and have

the following formulass

Reagent A

7=-hzobengene~B=hydroxyquinoline=
DN=N N ' Segulfonic Aoid

N¢ >503 H 8~Hydroxyquinoline-
N S~azo={pwbengenesulfonic Aoid)
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Since both Amberlite and Zeo-Karb are very dark, it is impossible
to observe the progress of a colored complex ion down the column, Howe
ever, zeolite (sodium aluminum ﬁi’lieaﬁa) is white and the colored ion
shows up very mxi,- The action of both zeolite and Amberlite are similar
in a qualitative manner for the sodium cycle, and by observing the results
for & zeollte column one could sxtrapclate to an Amberlite columm.

fhree seolite columnm, one centimeter internal dismeter end 50 cen-
timeters high, were prepared for the experiments described below,

a. JIron dlpyridyl domplex. A soluklon of iroa dipyridyl was

J/\‘ ++
Fe:l
0)

poured through the solumn. The iron dipyridyl ion wes sdsorbed on the

golusn very strongly snd could be removed only with large smounts of cone
centrated sodium sulphate.
b. Perric thiocyanate. A ferric thicoyanate solution was prepared

and poured through the column. The iren from the ferric thiccymnate ion,
ra(m)ié, precipitated out and was bound on the column, However, the
removal of the iren by elution with sodium sulphate was much easier than
in the oase of the iron dipyridyl.

oi Iron ferron complex. A solution of the iron ferron complex
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was rus through the column. A narrow band of ferrie ion wes bound at the
top of the column but the rest of the unchanged somplex went on through.
The results of this sxperiment showed that a suiteble complex would pre-

vant adsorptlon of & cation.

2. Preliminary studies using Amberlite columns

s. Uranyl ferron geomplex. An Amberlite IR-l colummn, 0.8 square cem~

timeter orose section and 87 centimeters in height with a theorstical ca~-
pacity of 4 %o & grems of uwrenyl ion, was prepared end sonditioned in the
hydrogen sysls. Onme gram of uresyl ion was complexed with ferron in & to-
tal ﬂawﬁﬁ of 280 ml. end run through the Amberlite column. The ursnyl ion
was oompletely removed from the complex and was sdsorbed on the columm,

The removel of the uranium was ceused by the scid formed by replacement of
 %he sodium fons by hydrogen ions from the colwm. The complex iz stable
ouly in s narrow range sad therefore is destroyed by sny acid or base.

b. Plutonium ferron somplex. The ezperiment was repeated using s

solution eontaining 0.080 gram of urenivm and approximately 900 counts per
minute of plutonium in 150 ml. total volume with an exoess of ferron. The
effluent was snalysed and found to contain 3 per cent of the plutonium.
,awt column was eluted with 1.26 molar sulfuric scid %o give 956 per cent
of the plutonium,.

©. Ferron plutonium solutions (neutralised). 4 selution containing

0.030 grem of uranive as uranyl nitrate with 900 counts per minute of plue
tonium wes complexed with ferren snd diluted te & volume of 150 ml. ‘This
solution was neutralised with sodium hydroxide %o & pH of about 7 and then
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run through a colums f1lled with Amberlite TR-1 in the sodium form, The
effluent was analyzed and found to be very sctive, showing that the
plutonium had remained complexed throughout its passage down the columa
and had come out unchanged.

The experiment was repeatsd using a solution containing 0,060 milli
gram of urenium and 1800 counts per minute of plutonium complexed with
ferren at a pH of about 7. A% this pH, the urauyl ferron complex iz a -
desp orange red and thus serves as & rough indicator. The effluent from
this mm was of the same color as the feed solution showing that the
uranyl icn had remained in t&m complexed form. The effluent wes analysed
snd found to contain approximately 1600 counts per minmute showing that
over 90 per cent of the plutonium was unsdsorbed.

d. mma acid reduotiom. An experiment was desipgned to test the

effect of formic acld., If the plutonium is oomplexed only in the tetra~
valent state the ylelds might be increased by first reducing any oxidized
plutonium to the tetravalent state with formie acid. Three columns were
prepared snd the fellowing solutione were run through:

B 1;  solution containing 0.060 grem of uranium, 1800 counts per
ninute of plutonium, four drops of formic acid, 10 drops of 10 per
cent sodiwm ﬁhyérexiée, end sn excess of ferron in & totel volume of 100 ml.

~ b. A solution containing 0.060 gram vé{‘mixm. Xmmta per mine

ute of yﬁn‘kmim 10 drops of sodium hydroxide, and m,wﬂf ;w ferron
in & total volume of 100 ml. e

o. A blank solution containing 0.060 grem ursnium, 1800 counts per
 minute er.f plutonium, and 10 drops of sodium hydroxide in a%m volume



The resulia are given in Table 10: The formic aeid used to reduce the
plutonium was not uecessary sud in fact gave lower results.
o. Rare earth complexes.: ZThe sbove experiments showed that ferrgn

did complex ﬁw ﬁiﬁﬁ%ﬁmv and thua gmmﬁad its a&mry&iﬂ# w passage
through & column. | If the ferron did not prevent the adsorption of the
sccompanying fission products then this gmae@ would serve as & deconw
tamination procedare. 7To test this, a prelimlnery experiment was run
using lenthanum and cerous ions, since the rare Mhn are the main conw
stituenis of the eluste from the firet Amberlite column {Boyd's procedure).

A solution eonbeining 60 milligrems of uranyl, & milligrems of
lanthsnum, and § milligrams of cerous fon was complexed with an excess
{0.27 gram) of ferron, neutralized by aéﬁiﬁmx of an excess of sodiwm
hydroxids, and then ﬁau%i@usmgiaﬁ aﬁ#i&rﬁ.e acid until the selution
was at its maximum solor, This iaﬁ.nki#n was poured through ea Amberlite
column which had been conditioned in the sodium eryeia, The oolumn was
washed with 100 ml. of water, the combined effluent snd wash were fused
with mifm'ie and nitrie acids %o destroy the organic matter. The resw
idus was teken up in water and %m&f&rm $o & platioum dish. To this
was added hydrofiveric secid but no _gmiﬁrimﬁq formed, showing thet the
lanthenum end cerous ioms were not oomplexed and therefore were adsorbed
on the golwm,

T. Active solutions. The above resulis indicated a separation of the

rare sarths from the plutonium. In order to test the valus of the procedure
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Table 10
Effect of Formic Acid on Plubonium Complex im Adsorpbion Column

Description of Sample : Plutonium
o/n £

Coluwmn 1
Effluent 1410 18

Column II
- Bffluent 178 9B.7

Column II1X
Bfluent 206 1.3

Column I ~ Column in which ferron was complexed.
Formie acid added.

Column II - Column in which ferron was complexed.
o formio aecid added,

Golwan III -~ Ho ferron or formic acid.



under setual sonditions an setive solutiocn was used in the solumm experis
ments. This solution, herei

sfter designated as Boyd's solution, wes obe
teined fram Dr: . . Boyd of the University of Chicago and consisted of

' the sodium bisulfste elusts from an Awberlite colwm using & bombarded ure~
nium sewple as starting material. Teble 11 shows the results of a system-

 atie analysis for the &ifferent radio

Table 11
Anslyeis of Solution from Boyd's Column

Date of Anslysis Helf Life of Element  Activity®

Yttrion 10/21/43 57 deys 3246

Bartmm 10/11/43 12.8 days 7

Strontium 10/11/43 55 dsys . 35

= 10/21/43 2.1 days 1.2

* The activity is expressed ss divisions per minute per two milliliter

semple, measured
*+ The lsnthemmum present was due to the 12.8 day barium,

- on stege 5 of & Lauriisen electroscope.

& solution was prepered containing 0.060 grems of ursnyl nitrate, 1800
eouats per mimute of plutonium, 2 ml. of Boyd's solution, 5 milligrems of
gercus and 5 milligrems of lenthesrum fon, complexed with 0.28 grams of fer~
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| m. and mede up to 300 mi. The solution was mentralized by the eddition
of sodium hydroxide to the aiupwm of the deep red color of the wranyl
ferron somplex followed by the addition of twe drops of concentrated nitriec
100 the desp red colors The solution was poured through an
asberlite IR-1 column, which wes then washed with 2.5 per cent sulfuric eeid

end sluted with 1.25 molay sodium bisulfste.
tions showed that prectically all of the plutonium appesred im the effluent.
4n alphe count of the sluate was not muich above the background velue. The
'fluent contained omly 3.4 per sent of the original bets sctivity, thus
giviog & decontamination fagtor of 30.
&+ Elution with fervon. 4n alternstive procedure would be to seleoe
tively elute the plutonium., In order to see if ferrcn would set as » specif-

 ie eluvant, the following experiment wes tried. 4 solution containing 0.075
grems of wrenivm 83 urenyl ion end 1500 gounts per mimute of iﬁmmim was
neutrelized to & pH of § with scdium hydroxide snd passed through an Aubere

| Jite eolumn which hed been prepared in the sodium form. The colum was
washed with 50 ml. of water, then with 150 ml. of 3 per cent sodium sul-~
phate, end finally with 50 ml. of water. The colwm was then eluted with

two 100 ml. porticns of ferron solution. The vericus fractions were ane-

lyzed, giving the resulis shoms in Teble 12.



Table 12

Blution of Plutoniuvm with Ferrom

Deseription of Solution ) | %wmmwﬁ in Solution
- /e 4

Ferron Solution I
Ferron Solntion I1

The results indicete that plutonium eamnot be eluted satisfectorily
with ferron if it has been sdsorbed on & colum,
. Pegovery of plutonium usin w; yﬁu » In order to ﬁw_gﬂ

%ﬂ#ggggm«hﬁg @meﬁwg

wranium was dissolved in nitric seid by B. R. wwﬁmmﬁ One portion was 8-

and & bed wwmmg of m& wgwﬁ After the solution

 bed gone through, w#agw fon was weashad gwaﬁw%wwnﬁaﬁaﬁmg

sulfuric acid end then the plutoniwm was eluted with 150 wl. of 1.25 moler
sodium bisulfate. Thess were the solutions which had been resommended by
Boyd (36) and his eo-workers et that time. The slution wes incamplete so

% was oluted & second and thind $ime with 150 ml. portiams of 1.25 molar
sodium bisulfete and Pinally with 500 ml. of 1.25 molar sodiwa bisulfete.




i

The solutions were analyzed for plutomium eand fission producis to give

the results showm in Teble 13.

Tebls 13

 Anmlysis of Solutions from Adsorption Colusm Run

‘Solution  Total Volume Volume Taken F‘ium&m' Fission Producis
in mi. for Anslysis th 4/m on Stege 5
- wmla. L

100
s:mm; k&5 4 200
Rloate IV 250
Eluste ¥V - bh50

PRENE .

The results were very unsatisfactory besause of the incomplete slution
of the pintonium. The plutonium was desorbed from the eolwm only when &
my &am anount M himtata wes used. 1% was mm&aé that sodium bi-
sulfete of this strength is not a &ﬁ&t&aﬁw eluent. |

4 portion of the eluate, ﬁaﬂmm a8 Eixw% 11T in E’Wi& 3.3,,

smﬁ #s starting materisl for s colum run with ferron as a complexing
was made alkaline with sodimm hydroxd

w sarrier, the solution

de. The lastbamm hydroxide wes oen~
trifuged off, weshed, snd sdded to epproximstely 50 milligrems of sodium
dturenate. The precipitstes weve dissolved in dflute nitric acid end mede
up to @ volume of 15 ml. An analysis showed that this solution sonteined
a total of 32,500 mtt per minute of plutonium. To this m};aﬁmv were
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added 5 milligrems of barium fon, & milligreme of cercus ion, snd 0.3

grem of ferron. The solution was diluted to 300 ‘m_l; » neubralized %o the
dark reddish brown color of the mixed ferric ferron and wranyl ferron come
plexes, and poured through & wim, 0.8 squsre centimeber in cross sece
tion, filled with Amberlite IR-1 %o & helight of 40 centinetars, The et le
umn was washed with 50 ml., of water, them with 100 ml. of 0,25 melar sule
furiec mié, and ﬁaﬁiy oluted with ma mle. of 1.25 molar sodium biasulfate,
The solutions were snelysed for fission products end plubonium, giving the
resulte shown in Teble 14.

Table 14

Analyses of Solutlons from Adserption Column Run Using
Complexed Eluate from the Pirst Column as Feed Solution

Deseription of Fission Products Plutonium
Solution : afm % e/m %

Effluent 1450 7% 52420 100
Water Wesh 10 0.5 ' 38 0.12
Aeid Wash 0 ' o o0
Eluate S € B | 75 D.2%
Totsl - 1580 80 32551 7100

In this experiment the beta wud gamna activity in the cfﬁamt was very
high, This differed from all previous experiments but it sould be explained
by essuming that the beta and ganme activities were sll stiributsble to UX.

A measurement of the decay of the effluenmt activity over several weeks gave
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@ half 1ife of 26 days, suggesting that all of the ectivity wes UX; and
UXye The results showed that thoriwm was somplexed in the same mamner es
plutonium. In en metusl run on s lerge sosle this would not be a dissd-
vantage since the total emount of activity dwe to UX would be very low and
would omuse mo health hezerd. In the present series of experiments, How-
over, it was troublesome since it was iffieult to determine the exnot
smmat of totel astivity which wes due to the UX and thet which wes v’&ue to
the fission products. The decontamizetion factors were usus
rrection depended upon & separaticn step
witich was not very sstisfactory. The Mm method of mﬁmm this
rting meterials of Bigher setivity so that the

Ly sorrested

for the UX present, but this corre

beta astivity due to UK would be less than 0.1 per cent of the totel.

Eeperailo agtive soluticn. In order to fest the prosedure
wsing astive matorial, @ solutfon of 1500 ml. of eluate from an feheriite
colusn was obiained £

1 M. B. R. Russell of the Dniversity of Chisage.
The solution had been preparsd in the following mesner. A slug. supposed
0 bave been &t helf level of the Climton pile, wes taken from that pile
on Februsry 17, 194k, It wes dissolved and yun through en smbsriite cols
ume in Chieage by Pussell on Apeil 6, 1944. ‘The plutonium and fissicn
products were eluted from the column with a 15 per esnt solution of sodium

bisulfste on thet date ond shipped to Ames om April 7, I944. In subseguent
iments 3% will be referred to s Russell’s solntion.
An epalysis geve the following:




o

- Beta and gaws activity =~ 340 &/m per ml. {225 microcuries)
Platopdum - 700 ¢/m per ml.
b. -

paterjel. In the first yum, & 25 ml. sawple of Fussellts solution wes come-

Pplexed with ferron, neutralized with sodium hydroxide to & pH of 6, and di~
luted to 300 ml. To this solution were edded 5 milligrems of lenthenum, 5
milligrems of cerous, sand 5 miiligrems of urenyl ion 88 cerriers. This so-
lution was poured through a columm, 0.8 contimeters in dlsmeter, at a rate
of 3 to b ml. per mizute. The colum wes washed with dilute sulfuric seid
end eluted with & 15 per cent aclution of sodium bisulfate. - The verious
sults shown in Pable 15.

B mﬁéa procedure, giving the re-

Soluticos | Yolumes | ?%uﬁmim f - Pission Mﬁ“
| Mk1131iters &/ - 2 s %

esh o ss Ty 1 0 0,05
Fluste o g0 127 o 99.8

Thase results appeared prowising since they showed that the fission

producte were almost eompletely adsorbed while the greeter part of the plu~

toniwn remeined in the somplexed state and went on thm:s@.
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¢. Addibional wash using dilute ferron selution. In this experiment

25u), of Russell’s sclution were somplexed, nsutralized, and diluted %o
126 ml. The procedure was exaotly the same as in the previcus experiment
exoept that the column was washed twice, once with dilute ferren selution
containing some uranyl carrier at a pH of § and then with dilute sulfurie
acid. The analyses gave the follewing results.

Table 18

Fractionation of Pission Products and Flubonium idsorption
Column Experiment Using Couplexed Peed Solution and Perron Wash

Solutions Voluns Flutonium Fission Froducts
Bf fluent - 136 6790 91.68 48 3.0
Ferron ¥Wash 160 445 8.00 8.4 0.6
Anid Wash 200 i4¢ 0.18 22 1.56
Eluate X &0 42 0.57 114 7.0
Eluate II - 870 110 1.50 420 256.9

The yield for the effluent and dilute ferrcon wash was nearly 98 per
gent, & per cent appearing in the wash selution. These figures demonstrated
the neoessity of washing the oolumn with water or other solution of pH
about 7 in order to sesure high yields of plutoniums. A8 moon as dilube
aold was poured through, the couplex was destroyed and the plutonium was
adsorbed on the eolumn, Again the beba and gamma activities were low, be~

ing only about § per cent of the total, not eorrested for UX.
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REEDEX slyses, fncluding thorium geparstion
seomsd adeiseble to adjust the conditions very carefully and meke 2 quen=

titetive run in order to determine the bhest yield of plutoniuvm obteineble
and the best decontawination fector. I order to determine the deeontam-
inatien factor some corrsction must be wade for UK.

The progedurve was ihe sams a2 in the previous experiment, except that
a dilute ferron solution et e pH of 6 was used to condition the columm,

The verious fractions were cought sepsretely end spelyzed for fisslion
products end for plutonium. The total fiesion profucte in the effluent
wers thep brought into solution end thorium cearrier wes added. The tho-

rium weg separated and the setiviiy of the Tission products fres of IX

was mmm* The pesulis of the snal

yies @ire shown in Teble 17.

- Table 17
Plutonium end Fission Produets in Various Solutions from Column Fun

o/m % am £ #a %

Effivent 19,270 1085 - MB.6 0 1.48 73 0407
-Actd Wash 95 25 7.0 . 87

The plutonium spalyses gave a totel of 110 per gent of the originel.

Ubing the fonization ehember and the linear smplifier, the results often



wers in error to this sxtent. The best method of evaluation was to snaw
.lyﬁ.c, the least active fraotion and obtain the smount in the main fractiom
by subtracting these values from the total smount present., The thorium
separation showed that practically &ll of the sctivity was dus to UX.
This was cheoked by meveral smalyses in a siniler experiment on & larger
soale. The resulis, lisbed in Table 18, again show that from 95 to 97
per cent of the aetivity was due to UX.

Table 18
Separation of UX from Fission Produots

Sample Total Bets Activity Beta Activity After
d/m X Separation
a/m

II B3.8 1.6
Iix 76.0 2,0
iv T3.6 1.0
V 3&'%‘6 3-1 .€3

Since the fission product activity appesring in the effluent amounted
to only b per cent of that of the UX, a considerable error was intro-
duoced at this point. This illustreted the need for wery setive samples

Af an accurate evsluastion of the process was to be scecomplished,



m mm}.%t on & mfﬂ scale showed that it was possible to heve &
m t%y wim mw mﬁah mi& gim B good yism of glum&m and
& ki@x mm&mﬁan fw@am In ﬁréw %@ ﬁi‘wﬁk these ramltx tﬁamaghlx,
i‘& m ﬂwwﬁﬁ to wi1~ﬂ B yiifw ?&mt in which very as‘hiv& m&%rm sould
}m gmmmé on & sesle of 1 kiiagm of wim per run. |

i* ﬂmmm&iﬁn st "’mi 1ab". :n ordsr to use sctive material in

large quentities, it wes necessary %o build a laboratory ‘h«a be used spo~
cifiocally far the processing of urmhm and Mﬁaimﬂy ghiglded so that
it wmﬂd net be }mmi’ul to @t’ﬁor g;mma zm the em%iée, £11 operetions
must be carried on by remole contrsl in order to safeguard the health of
the operater. | | ; |

"Ons room was set mi&,fer‘ this work. It was completely refurnished
and sguipped for resote sontrol "',&?amﬁiam A hood was formed by blocking
off one cormer of the room with s conorete wall 14 inchea thick, having
8 deor, windows, snd smrﬁ openings for control reds. All mﬁiﬁ T~
E@ﬁal was to be gr&mxmﬁ in %Ms ;mrtirm of the leberatory ﬁ&aﬁ peraite
ting su operator to work in the ressinder of the laborstory with safety,
in mﬁ& to remove all fumes and m@mymying radicsctivity, & fan was
connected with the hood and the fumes were led dirsctly %o a vent on the
t%f; This fan wes kept on st 8ll times during which there was any gmw
sibility of redicsctivity sppearing in the stmosphere inside the hood.

The uranium was dissolved in & 40 liter Glescote stesn jackeled



 kettle equipped with s stainless steel gate valve and stainless steel

pipe to draw off waste solutions, The ursnium solution was removed from
the dissolver by means of & stainless steel pump snd transferred g & 40
iiter pyrex jar placed in a speoclslly constructed stainless steel can.

The urenium solution was neutralized and diluted by n&ngaw, of water and
dilute E&g hydroxide solutions added from the outside through glass
snd Seran tubes which led through the wall. Complete mixing of solutions
was accomplished by bubbling with compressed air. The pH was measured
with & Beckman Laboratory Medel pH Mebter equipped with 10 foot lesds. The
electrodes were mounted in & stainless steel pipe and pleced sbout 2 feet
below the level of the solution. The dilute uranyl nitrate solution at a
pH of about 2.5 was transferred to & 40 liter pyrex reservoir by means of
an air 1ift, Prom the ressrvoir it flowed by gravity through an Amberlite
IB-1 column.

The column was of wwnﬁwm& centimeters ln dimmeter and 200 centi-
aaw&ﬁ high, heving & resin bed helight of 120 centimeters. All solutions
were introduced from outside and flow rates were controlled by means of
specially constructed stainless steel sorsw clsmps squipped with rods for
remote control. The column is illustrated in Figure 2.

The effluent from the column was .3.@3& through 8 pyrex line into &
60 liter stesm jacketed Glascote evaporator, evaporated to about 6 liters,
and then drained through & stainleas steel pipe into a stainless steel
reservolr tank whiech had been placed seversl feet underground in the court
outaide the room. This tank and seversl others like it served as storsge
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,aww active or %ﬁﬁﬁa material, The first part of ‘the wash solution wasz
added to the effluent and the last part sent down the drain, The eluate

- ,.:ﬁ m«gawgm o & 40 liter pyrex jar squipped with . sompressed air
agitator for mixing the solutions, pH electrodes, and various Saran lesde
in pipes for introducing selutlons. After suiteble treatment, the solu-

. 4ion wes complexed and transferred to a 40 liter pyrex reservoir, From
here it flowed by grevidty through the sesond columm, 5.2 centimeters in

© dismeter and 200 centimeters high, having & resin bed height of 120 centie
meters. The effiuent from this column was sufficiently inmotive even in
the oase of the hottest slugs that it could be handled sefely outside the

" hoed. The fleor plan of the "hot lab" imeluding the wﬁwwwa tanke is

' shown in Pigure 3.

Since it was difficult %o obtain the Qesired equipment immedistely,
the "hot lab” was fully equipped only after & long period of time. It
was necessary, however, to start experiments immediately so mokeshift maw
terials were used for the first runs. The urenium wes dissolved in a py-
rex jar placed on & hot plate inside ths hood. The waste soluticns were
stored in jars E».«»w the tanks were available. gﬁ .gwﬁwwﬁw were not
too much of a problem since the first slugs wers extremely weak.
| b. Preliminary sdsorption ¢olumn run using Clinten slug. The first

experiments wore carried out using very insctive material in order %o test
the mechanical aspscts of the sssenbly. BSome slugs obtained from the
Clinton pile were tested Ootober 2, 1944, Rough Bﬁ@ﬂﬁg@a showed thet
they contained from 5 to 10 milllcures of beta and gamns sotivity, snd
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run through the x@%@ Amberlite solumn. The effluent was anslysed nad
found to contain nearly sll .ﬁ% plutonium and only a small wﬁﬁg of the
fission products.

| d. Adsorption run through two solumns using presipitation at a pB

of 7.0. At this point it was thought desirable to use one slug and cerry

 the process through the verious stepe using rigid control snd meke & quan-
w»gﬁg ‘guﬁg of the wvarious asbivities. Slug CA-~3 was @wuwaw,«&r in
nitrie u@»ﬁ» the solution was diluted end run through the first Amberlite
column. The plutonium was eluted with sodium bisulfate end led lnto the
complexer, The solution wes brought to a pH of 7.0 with sodium hydroxide
and allowed to stand until the hydroxide had settled to the bottom. The
@w%, gupernatant was removed wﬁw the residue was dissolved in dilute
sulfuric acid. Carriers were added to the resulbing solution which was
wwsa.“ diluted, complexed, end allowed to flow through the m@ﬂgm Amberlite
: oowﬁ? The various fractions were snalyzed and gave the following re-
sults, which can be seen in Table 18.

ﬁww rosults show & surprisingly low yield for plutonium, and refer-
ence to the table indicates that the loss ocsocurred in the precipitation
step., In &ll cases in which & large excess of sodium wwawwuwma WOE Prefe
ent, this loss did not occur. I% should be noted that the beta decon
tamination was very efficient but the low ylield of product made this method

worthleen.



Table 19
Fractionation of Plutonium snd Fission Products in Two Column Procedure

Solution il;ht Bets Gammn

Original 100 100 - 100
Procipitate 86.5 20,2 43.1
Bupernmatant 10.8 ‘ 42.3 8.0
Effluent, Col. II 83.9 1.2 -
Eluate, Col. 11 2.6 o 118 ‘ -

e, Two column proecedurs using oxslic seid as eluant for the first

solumn. While these experiments were being carried out, w and hie
group had developed a new procedure (87) for sepsration mnd Wthl do~
sontsnination of plutonium using one eclumn filled with Amberlite IR-1.

In this method the ‘firit steps were exactly ii&& the original prooedure
deseribed in m‘h&m II,E of this paper. Before slution of %m platonivm,
the column was washed with a dilute {0.04 molar) solution of oxslic moid. |
This sclution selectively slutes sirconium and columblium since these two
eleonents so readily form émgzm: with oxalie aseid. The plutoniun was
eluted with s concentrated (0.8 m&ar} solution of oxalic aeid, and most
of the remaining fission products were sluted with an 18 per ocent solution
of sédim bisulfate. This procedure gave a higher &Mﬁm&mﬁm factor
than the previous one column methed. Another sdvantage was the faot that

in this method at the end of the run the column was relatively inmetive.
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- Table 20
Distribution of Product end Pission Products

"

Flubonium

Solution Bota Gamms.
d/m x 1076 a/fm X 207 % Miorograms %

Originsl 1.681 100 83.1 100 88 100
Pilute Oxelie 0. 57 25.2 8.0  74.0 : 0,085 D14
HaH30, Eluate 0.886 43.1 8.3 7.5 1.0 1.72
Produet Solukion = : R ‘ :
through Coluan II - - - - 58,0 98.5
Bluate O 04008 0.6 Tl - QB ' 0.9 1.8

f. Receipt and messurement of new shipment of slugs from Clinton.

The originel fission product setivity in the Ck slugs was 80 3.&1: that only
the stroag fr#@ﬂmzﬁ could be measursd with any ascurscy. Twelve mew slugs
heving a higher setivity were received from the Clinton pils on December 11,
1944. Rough doesge measursments of the gamma rediation gave the following
resulis:

Weak slugs -~ st 2 meters distance the dosage messursment wus 0.015 r
per hour.

Strong slugs « at 6 meters distance the dosage messurement was
0.014 v per hour. ’
The week slugs were labeled CB-1 to CB-8, snd the strong slugs were labeled
CC=1 to CC-8,

g» Desontamination study using &;kzﬂw a8 & means of 1mria§ the

sslt soncentration. A simple method of lowering the salt soncentration
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are listed in Table 21.

This preliminary experiment was very prouising sinee it showsd that
the ferron could be removed by adserbing the plutonium om the column with
loss of only sbout 2 per cent. At the same time there was eifected a de-
Ma’bmim&:ian snd & yolume reduction, Most of the fission products went on
through while a few remained on the column even after elution.

- The activity of the solusn at various heights was measured during the
sourse of slution. The measurements were teken with s Lauritsen slactro-
soope mounted on an adjustable tripod. The measured activities as tabue
leted in Table 22 show that a eonsiderable amount of the activity was lo~

oated near the top of the column.

Table 22

Activity of Amberlite Column

Distance from : Activity in Divisions per Mimte
Top of Column  After After Eluting with ' ' :
in Centimeters  Washing 0.1 liter 0.25 liter 0.6 liter 1.0 liter

308 445 300 887 288
272 554 344 247 300
143 148 wr 94 92.8
118 114 114 11 812
81.6 '$2.4 918 228 52.5
81.6 84,0 - 236 £3,5

2238V,

An analysis of the eluste for fisslon products showed that the decon=



 Table 21
Analysis of Bumples of Verious Fractions Coming Through Celwsm IIX

1iters Run Through Fluboniva : Beta and Gomma
: o/m % of i/ (8t. 9)
gwiﬁﬂ, total per 10 ml,

0.8 88
2.3 108 -

ﬁgﬁwmmwﬂ

1.5 87.5

2.5 100
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6 200 ml. of dilute fervon solution as a wash,

ds Sodium blsulfate eluant,

The same sclutions as through Golumn A except that the ferron was
thet obtained from Searles.

The solution coming through the solumms was axalyzed for plutonium
snd for fission products, snd finelly the Amberlite was destroyed and
W* The resulis are given in Yable 23.

Table 28

rison of Yields and Decontemination Factors
mi&g Perron Obbained from Different Sources

Solution Plutonium Bete and Gauma  Decontaminstion
co o/n % d/m on % Fastor
Stage B

A. Fastmen Perron ‘
&+ Effluent 45180 95.6 250 1.1 83
be Eluate 2900 8.0 -
¢« Lof% on Column. 176 0.%6 -

B, Searles Ferron

& Effluent 2.3 350 1.4 70
b+ Eluats : 6.8 - ‘
¢» Left on Column 3% 0.9 -

The results were slightly better whem the ferron obtained from Eest~
mas wes used, but the difference was not too great showing that either

resgent could be used.



j» Determination of loss in precipitation step. In all the pre~

vious runs which had been carried out on a large scale the salt concen~
tration was lowered by simple dilution to about & times the original
 wvolume. Although this gave satisfactory resulis on a smsll scale ocolumn,
on & large w&@ there was too much leaksge of fission produets, I1f the
salt in the experiment from column one c¢ould bs efficiently removed by
gome simple procedure the concentration of ioms in the fesd solution for
column two would be very low, This would greatly inecreass the capacity

. of the second scluen and would give higher decontamination fesotors. Any
procedurs for lowering the salt concentration must be carrisd cut by ree
mote control and must result in low loss of plutonius. In order to deviss
such & proscedure the following marimtma carried out.

To 1 liter of diluted eluate from column one wém added lsnthanum,
yttrium, barium, cerium, strontium, and ursnyl carriers, and the solution
was made alkeline with sodium hydroxide. After standing 24 hours, the
gwﬂgﬁtﬂa settled to & compact leyer on the botiom, leaving a clear super~
natant golubion which was poured off and pleced to one side. One liter of
distilled water was added 4o the preecipitate snd this was thoroughly agi~
tated and sllowed to stand 24 hours. The clear supernatant was added to
the first portion end the combined supernstant solutions were analyzed for
plutonium, The results showed that less than 1 per cent of the plutonium
was lost by this erude procedurs.

The uranyl sarrier was added in previous experiments sz an indicetor



g

fon. The progress of the plutonium ion could be followed by noting the
 deep red color of the complex at & pH of about 7. 4t s low pH, when the

" golor of the uranyl ferron somplex dissppesrsd, the plutounium was no longer
complexed, In this experiment the uranyl ion served sncther purpose.

8inoce the diuranate is a dense precipitate it sinks rapldly snd serves as
an gxcellent carrier, Yhe ursuyl ion is very easily removed by & columm
procedure so it could be added without fear of contmmination.

ke Golumn behaviour of lexed solutions low in ks.u soncentration.

The precipitate from the previous expsriment was dissolved in dilute sule
furic ecid, ocomplexed with ferron, neutralized to a pH of 5.7, and diluted
to 900 ml. A coluwan, 1.4 centimelers in diameter, was filled with Ambers
lite IR~1 to a depth of 65 caentimeters, After the Amberlite had bsen backe
washed and conditioned the feed solution was run through at & rate of § te
6 ml. per minute, After washing the column with dilute ferrcm solution,
then with water, and finally with & 1 per cent solution of oxalic acid, the
plutonium wae elubed with an 18 per cent selution ¢f sodium bisulfate. The
effluent, after the addition of carriers, was run through & second Amber~
lite column prepared im the same manner as the first. mw affivent was
acldified to & pH of 2.6 and poursd through a third Awberlite column in
the hyém;gm form. The column was washed with dilute sulfuric acid and
then eluted with sodium bisulfate. The resulis are shown in Teble 24.
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Table 24

Annlyses of Various Fractions of Columm Exper;

olution ) Beta aud Gazme
o/m /i stage 5

original 1.9 x 1w0f 9.4 108

Golumn 11 | ¢ ,
gffiuent 1.89 X 10 8.2 X 10%
Adsorbent B.2 X 10%

Colamn YXI
Fiuste I
400 ml. 1.4 1108
Eluate I3
50 ml. 1 x 108
Eluste IIT

This sxperiment demonstrated the need of & betber method of suslysing for
plutonium. The lenthenum fluoride procedure used in this and all previous
experiments was & long and rather imaceurate method involving several pre-
oipitations. The amalysis was so time consuming that only a few fractions
oould be analysed. In this sxperiment the most importent result was the
higher decontsmination factor obtained in the second colwm, Without eny
correction for UX this faoter was over 100, In order to determine the
percentage of the totsl activity due %o fission products either a thorium
weparation must be mede or more active slugs must be used as starting nse
terial, |
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Table 25

Yields and Decontamination Factars for
Multitple Column Procedures ou Small Scale

Selution , Plutonium Beta and Gamne
o/s d/n Stage &

Original . ‘
{complexed Selution §

Column II o ,
Bffivent 2.8 x 108 14,000

Eluste 1 ~
Eluate II 2.14 x 108 1,876
Eluste III 88,200 540

e mgg high pH. An experiment was m in the aiam meaner &s
the previous sxperiment smﬁ,mﬁ the complexed feed mlﬁtﬁ.&n was &t &
PH of 8.4. The recovery of plutonium was very good w; the decontaning~

/} tion was unsatisfactory sinos et this high pH the ferron alse complexes
the rare urﬁm

B. Installation of dissolver, evaporator, and storage tauks. In

the previous esperiments the uranium slugs had been dissclved in a pyrex
jar placed on & hot plate, A 10 gallon stesm Jacketed kettle %o be used
as & dissolver end & 12 gallon steam jacketed evaporator were installed
and connected %o the underground storage tauks, |
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Blug CB-2 was placed in the dissolver and beated with dilubte nitrie
aeid and mersurie n@;&‘ﬁmﬁa wntil the ﬁmﬁmxz coat was dissolved, The
sluminum nitrate solution was pumped off and the uranium was dissolved
in w@antm‘aa@ nitric agids It wes not possible to control the tempere
ature and & large excess of nitric acid was required, The excess nitrie
. acld was neutralized by the addition of 500 grams of scdium hydroxide,
The nranyl nitrate solution wes diluted and run through am Amberlite cole
wim. The golumn wes washed with dilute sulfuric seid and sluted with
sodium bisulfate, The Pigures, given in Teble 26, show & high loss ap~
pearing in the effiuent, |

Table 28
Elution of Plutonium from Amberlite Column

Solution Plutonium ‘
: Microgrems % of originsl

" Bluste 158 78,8
Effluent 26,5

6= Decontemination run using hot slugs. The apparatus had been

tested thoroughly with insotive slugs, Because of the diffioulty caused
by UK {see Section IV,C), the use of weak slugs was unsatisfactory and

in order to sooure more asgurste resultas some stronger slugs were used.
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Zable 27
Analyses of Solutions from Bun Using Slug CC=1

————"
———

Solution Flutonium Fiasion Product
Hilligrems 4/m

originsl | 4.36 8.8 X 107

Column I 7
Eluate S.46 2.97 X 10
Post Eluate : 0.04 5
Supernatent from Eluate 0.083 2 X110

Colwnmn II
Effluent $.57 3.6 x 108
Yash 0.002

Column LTI
Effluent 2.59
Flunte 0.438

Golumn IV
BT luent 0,02
wash 0.076
Eluste I 0.028
Eluate I 2.46
Eluete III - 2,07
Bluate 1V 0.02

1.6 x 10t
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Ei;mﬁaﬁm of Pission ?mduaﬁs and ?mﬁmim in ?nﬁu
ous Practions of a Multiple Column Adsorption Hun Using
Foymic Aecid for Destruction of the Bxeess Nitrie Aeid.

Solution -

?iﬁ%nim

o ﬁi@&gma % of Total

Fission ‘Fmdwﬁ

Original

Goluan I
Efflaent
Vash
Eluate ;
Post Elunte
Backwash

Column IX
Effiuent
Wash
Fluabe

Coluan III
Effluent
Wash '
Eluate

Solumn IV
Efflaent
Eluate 1
Bluate II

Total Fluate

6460 100

380 1,&
5300  91.6
50 0.91
io 9‘13

5520% 91,7
6  1ad

6000 1.0

40 0.72
4560 83.5
400 - T2
4860 o 80.7

276000

21760

ms x 307
2,17 x 104

Decontamination Factor =

« A% this point a portion was removed for other sxperiments.
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sluate from the last column wes 4.9¢ milligrems or nhwt 29 per cent of
the smount in the eluste from the first solwmm. In %these experiments
using the sctive slugs, the amjgiu were counted wn;g the proportionsl
sounter. "

r, Blution of plutonium from third solumn using oxalic seid. The

above procedurs gave & method of ubilising several adsorpiion columns
in a single integrated prosedurs. The decontsaination factor was still
too low to bes of any great value. Since the single fission product re-
sponsible for the greatest activity at this stege was zirconium, it was
decided to melectively #’iuta the girconiuvm from the third column with
diiﬁte; oxelic acid and m elute the plutonium with concentrated oxalie
wi&c The wnmﬁmtiaa of the oxalic scid solutions were the saue ss

ded by Boyd in his separation izmenﬂmu {87). This procedurs
requires larger volumes and slower flow rates. Por these reascng 1t was
very time consusing when used on the first or separetion colusn. The
succeeding columns, however, sre much smsller and & modificstion of thia
provcedure could be used advantageously.

A portion of the effluent from the second scluma in one m S
kmgh% to a pH of 2.56 by the addition of concentrated sulfuric scid
and diluted to about 19 liters. I+t was pessed $hrough & m‘im, $ cen~
timetors in dismeter, packed with Anmberlite IR~1 in the hydrogen fomm
to & m&:& of m mﬁm&%ﬁn ‘The column was washed with dilute sule
furic acid imé eluted Tirst with dilute oxalic acid and then with cone
gsentrated oxalic scid. The results of the snalyses of warious fractions
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ﬁxr plutonium and fission products are shown in Table 28. The experi-
sent was nod very successful since too much of the plutonium appeared in
the by-product elunte.

An attempt was made to elute the plutonium with & solution, 10 per
cent in acetic acid and 10 per cent in sodium acetate. The eluticn wes

inoomplete even when & large amount of sclution was used.

8. Four column procedure with oxalio scid elution., Oxslic asid
slution had been tried previously with weak slugs but did not give R
- clusive results because of the relatively high voncentration of 0X mow
tivity. d4nother decontsmination run was oarried out wsing slug CC-4 a8
starting material, ‘

The procedure for the first three colums was the same as in the
previous runs. The fourth columm, however, was eluted first with dilute
oxalic aocid, then with soncentrated oxslic acid, and finally with sodium
bisulfate.

The dilute oxalic acid was prepared by adding 10.46 grams of
H,C,0,+2 Hy0 for emch liter of water. The concentrated oxalic acid was
a 4 per cent solution, These stremgths were those recommended by other
workers for elution of plutonium from the first column and should have
been mﬁiﬁm&w# in this ocase.

The dilute oxalic soid was started at 6+45 A M. and continued until
11:30 P.H. After draining to & level slightly sbove the bed, the column
_was filled with concentrated oxalic scid, At 1Z:15 A.M. the soncemtrated
oxelic seld first appearsd in the sluste,

The date for the run are given in Table 30. An elution ourve is
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Table 29
Plutonium and Fission Products in Solutions fros Column

Sample Yolume Plutonium Flssion Produsts
ofn por % of a/n per p
mle foed mls

el 10 13 8.5 21.1
111 19 28 11.0 20.5

888

Aeid Wash
I 1
IX 4
11 18

0.98
.10
1.40

O M
(ol = )

1 0.8 24 0.2 77.0
Ixz 3.5 203 10.0 Q.88
v B.O 181 18.0 Cub

¥ Tb 200 1.0 0.43

Gmm; Oxalie
1 ' At start 288
1z After 1.23 1, B22
1z After 1.78 1. 251 40
v After 2,28 1. 141
v Final " 68

* Ten ml. samples were taken for analyses after & certsis volume of
eluate had flowed through.
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plotted m Eigure 4. The results ;héw that & .mga ;_;w@antaga of the
plutonium was 1@3.‘%;;35 ﬁhﬁ‘&i&u&s oxalie aeiﬁ wash probably because the
conventration of the axtiig :wzi& was too :ﬁigh‘ On the ther hand, the
slution of the gl@a&iﬁm was very slow and my Maliy somplete. The
M%mimﬁ@a factor for %ha*ﬁ ylummm which did appear in the proper

place was very high.

Table 30

Analysls of HMain Fraction of {oncentrated Oxalic Acid Eluate

Blement Hicrograms Divisions

Plubonium 2.50 :
Zirconiom 148 ' 8.0 X 109
ox : 25 1.4 X 108
Cerium 7 2.5 % 108
Tttrim 1 2.2 X 108

The decontanination factor for the totel bets activity, net includ.
ing UX, may be ocsloulated as

52307 . 5581105
150

This is setisfactory indicating that further work should be done on

this procedure in order to incresse the yield.
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Figure 4. JSchumann Curve for Oxalic acid Froocedure on Small Scale.



From tmgrmdmg exﬁwimw@s it wus wn@l@#&‘.mt ti%a best pro-
cedure m one using three wxms,‘, the first or separstion solumn filled
with Amberlite 1:& tém mwgm form, the sma# f£illed with aﬁharli%: in
the sodium form, and the third filled with Amberlite in the hydrogen form.
The second column a&m to remove most of the t#m garth ﬁsaﬁw products

md m third column removed the ximﬁmim, wmp&&ﬁx&g agent, iron, and
ather fspurities., This column slso gave & volume reduction., The use of
four columns was dizcontinued since it lowered the yield of gmfiséaim and

daid not inorsase the decontamination facter %o sny grest extent.

5. Development of oxalic acid procedure using smell columns

%, Ozalio acld wash and slumnt. In these wrimm% a more dilute

exalio moid solution {0.046 molar) was used as & by-product sluent to
remave the girconium and columbium. In order to effect a faster and mors
somplete elution of g’iumi% & mmm {approximately 8 per cent)
solution of oxelio acid was used to elute the plutenium.

The first fraction of the eluate from the fourth column as described
in Teble 28 served as the starting material to prepare the feed solution
for these experiments. Tem ml. of this material kaﬂ:ng 2o ather snton
besides sulfste was diluted to 1 liter, acidified to  pE of 2.3, snd
poured through sn Amberlite IR-1 column, 1.4 centimeters in dismeter and
60 centimeters high. The column was mkaé with dilute sulfurie seid
and then aluted first with dilute oxalic acid, then with consentrated ox-
alic asid, and finally with sodium bisulfate. A detailed summary of anele



ysos of various fractions of the different solutions is showm in

Table 31
Aunlyses of Solutions From Trial Bum Psing Oxalis Acid Eluents

Desoription Yolumes Flow Rates Plutonimm Pission
of Solutione in ml. »l/min, Micro~ % of Products
grame  Teotal Total dfn

Effluent 1000 10.5 0 0 2000
HyS0, Wash 260 10,6 O 6

Pilute Oxslic ‘

i 800 2.1 4 8.1
i1 150 b 9% | 04 0.1
&8 O 400 3.1 1.8 0,48
Iv 196 7% 3 3.5 0.9

¥ 20 3.1 0.7 %.3

' 166 2.1 400 95.85 17.1
1 280 5.1 9.7 2.4
11 50 3.1 1.7 0ot

HOHSO, | 6.2 512

These results are shown grephically as ocurve "a" in Pigure 5.
From the table and the graph it is seen that wirtuslly no loss ooours in
the dilute oxalie soid eluate wntil after & volume of spproximately 500
nl. have passed through. At thies point the concentration of plutonium
in the eluste increases sharply and keeps increasing steadily. Thersfore



Alpha Counts per Minute per Milliliter

30,000 //
3 A - 0.04 M HyCo04
B - 0.08Y Na,C,0,
20,000
10,000 / \
\\
A \@\ .’ /
o A o \C; 1 -
100 200 300 400 500 600 700 800 500 1000

Volume in Milliliters

Figure b. Schumann Curves for wWash Solutions.
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if less than 8500 mle. of dilute oxalie ecid solution are used the loss
will be negligible. Approximately 96 per cent of the plutenium appeared
in the ﬁr&t fraction of the concentrated oxalic acid eluates

Anoiher fact of importence which will be referred later is the
fact that use of an additional eolumn using vaxmlic seid elution gives
an additional deconteminstion faetor, in this ocase about u factor of 100.
Ihis experiment was repeated with essentially the same results.

bs Sodium oxslete wash. A similer experiment was performed uveing

0408 molar sodium cxalate se byeproduct elumni instesd of 0.04 moler

oxalio acids The results are shown in Table 32.

fable 32
Plutonium Appearing in Freotions of Dilute Sodium Oxalate Bluant

Time of Analysis ~ Volume of ¥luate Plutonium

1140 270 ' 14,200
8200 510 2,700
4355 , (il 160
5110 e85 '

8225 ; ‘ 1,128 o
T320 1,280 220

These results are shown graphically in ocurve "b°, Pigure 5. The shape

of the elution curve is wvery different from thet for the dilute oxalie
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Table 33
Analyses of Portions of Effiuent from Seocond Column

Time of VYolume Plutonivm ~ Flssion Products 4
Removal of in o/m per ml. Total d/m Fluorids Insel.
Sample Liters per ml. o/m per ml.

9§ ¥ 3] %; 7 ‘9’,&5@ ?u 1 . ‘192
1&% Aaﬁa gﬁwg . ?{@?55 5&@ ﬁqﬁ
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Table 34

Analyeis of Selutions for Plutonium end Fission Products

Solution FPlutonium Fission FProducts
‘ Milligrams Total Fluoride Insoluble

original | 446 5.5 x 107 2.74 % 107

Column &
Effluent : 0.240
m& ﬁ'%z
Post Eluate none

Golumn 11 o 7
Effluent $.95 216000 144000
Wash c : 040087 S ,

Golumn 111
Effluent
Wash :
. Pilute Oxalie Bluate
Concenbrated Oxalie : : v :
’ Eluate I , S.47 114 2307
Eluate I : 0,22 ' : S :
Eluate 11X 0.08 , v 4000
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Iable 36 , }
Specific Aotivities of Various Solutions

Selution Total Zr( 4 ¢v) e Y UK

Original 5.6 X 207 0.67 X 107 216 X 107 0,48 X 07 0,18 X 107

Bffluent ’ ‘ | o i
‘Goluam 1T 2.8 x 0% 1.2 x10° 0.08 X 105 0,018 X 108 0.16 x 108

Produot Bluete : : c o
Colwen I1I 3714 807 155 1.8 32

1.4 X10°% 2.9 X208 10%

Faator

-16=
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treted oxalic acid, snd sodium bisulfate. The concentration and flow
rates % the varicus solutions are shown in the flow sheets {Figure 6).

um a& wwgwawﬁw and fiesion products. The anslyses eh the

ﬁ«maﬁ wuﬁaﬁag wﬁ. mwﬁﬁ&»ﬁ are given in Table 36. The total loss was
less then one per cent. On s large scale this would not be & lose since
the u@w@ﬁaﬁu could be re-processed separately. A possible method of doing
this is outlined in the complets flow sheels {Figure 6). The only loss of
any %@gg ocours in the effivent from the first and third columms.
The other sclutions could be discarded unless it was ma»g to recover
the fiasion products. N ;

~ The solutions were g&u& for %wu,&g products mwﬁgﬁa results
shown in Teble 37. All sotivities have been corrected to De

saber 13, 1945,
the date am the analysis of the original sclution.

o The decontamination factors for the individual fission products are
ug in wnwwa mm; &ﬂ factors are listed &E. aﬁg solum .ﬁa then for

the aﬁ?iww or ‘aeg gﬁﬁﬁgﬁﬁ factor.

Mug this table it can wa seen that the different columns may be used
in series to give a high decontaminetion factor. In the uwuuw eolumn the
nono~ and bie.valent ions were removed. Ruthenium snd tellurium were also
ramoved, probably as s somplex snion. The rare sarths were removed in the
second snd third columns end zireonium was removed in the third column,
Each ,a._.&,.ﬁg performed & spesial w%g to mw&w & good over-all yield,

The dangerous m&wwﬁﬁ%, were gﬁ@. eayly in the procedure. The

greater part of the gemma ray sctivity was removed in the first colvem,
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UNH FEED| [ DILUTE ACID| [FiSSION PRODUCT] [POST ELUANT| [0XALIC ACID| [RINSE AND

WASH ELUANT WASH BACKWASH

10% UNH 0.25 M H,S0, 18% NQHSO,4 18% NaHSO, 0.8% Oxalic | |Distilled Water
30 liters 20 liters 7.6 liters 3 liters 26 liters 12 liters

100 gai/ft¥/nr 100 gal/ftZhr 60 gal/ft2/nr 60 gal/ft2/hr 30gal/ft¥hr 100 gal/ft2 /hr

\ /
COLUMN |
ADSORBENT BED

| AMBERLITE IR-I
ST o o H* FORM

N ;”ET 1100 grams
SRERL 120 cm  high

5.2 cm diameter
22.6 cm cross section

| ] |
PRE-EFFLUENT, |U N H EFFLUENT H,50, WASTE | ELUATE | ) ELUATE 2 OXALIC ACID ELUATE
10 liters 32 liters 8 liters 7.6 liters 3.6 liters 26 liters
no Pu 0.5% Pu no Pu 98.7% Pu 0.75% Pu o py
35% g 2% B 50% B ~1% B 12% B
30% Y 2%Y 30% v ~1% v 35% v
0.5°/.7U 99% U 0.5%U no U
Discard Adjust pH to 2.5, and Discard, or Caorrier added. To be used To storage or separation.
then, if desired, to recover by-products in making up
additional column for eluant for
greater recovery of next run.
plutonium. NaOH to I' N
(COLUMN 1a) Let settle, and

decant supernatant.

i

PRECIPITATE SUPERNATANT
Dissolve in dilute H;SO4

Dilute to 30 liters.
Add Ferron Discard
Adjust pH to 5.5

To COLUMN 2

Figure 6, Flow Sheet for Decontamination Pro=-
cedure Using Ion Exchange Columns.
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( penurguo)d)

FEED SOLUTION

Complexed Ferron solution

from eluate of Column |
30 liters

100 gal/ ft¥/hr

WASH
2.5% H2S0,

6 liters
100 gal/ft¥nhr

P _3
{ g
e

ey
i o
o

EFFLUENT

25 liters
98.7% Pu

6°/o Zr

1% rare earths
No other gorY

BY-PRODUCT ELUANT
18% NaHSO,

4 liters
6 0 gal/ft¥nhr

COLUMN 2
ADSORBENT BED

AMBERLITE IR-])
Na* FORM

120 cm high
3.2 cm diameter
8.1 cm? cross section

WASH

6 liters

Oo/o Pu
<I°/.ﬁ and Y

B8Y-PRODUCT ELUATE

Ba, Sr,Ce,La, Y, other
rare earth fission
products, some Cs, Te,
Zr, and UX.

—96-
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FEED SOLUTION

Complexed effluent from
column 2 after pH
has been adjusted to

2.5
100 gal/ ft7hr

FIRST WASH

Dilute ,sulfuric
acid (0.25%)

8 liters
i00 gal/ ft¥nhr

OXALIC WASH

Dilute oxalic acid
0.04% H,C,0,

8 liters
30 gal/ft¥nhr

PRODUGCT ELUATE

Saturated oxalic acid

1.6 liters
30 gal/ft2/hr

RINSE

Distilled
water

5 liters
100 gal/tt7hr

\

/

/

COLUMN 3
ADSORBENT BED

AMBERLITE IR-I

H* FORM

120 cm high
3.2 c¢m diameter

81 cm cross section

/

EFFLUENT

25 liters
Te activity
0.2% Pu

NaOH to I N

\

\

H,S0, WASH
8 liters
~0% @,Y
~0% Pu

H,C,0. WASH
8 liters
6% Zr-Cb

PRODUCT ELUATE
1.6 liters
98.5% Pu
DCF Ce 46 X 106

Y 9.0X 108
Zr-Cb 3.1 X (03

No other appreciable
activity

RINSE

-16=



*9 ean3Ty

( penutguo))

COLUMN FOR RECOVERY OF PLUTONIUM FROM EFFLUENT

EFFLUENT FROM COLUMN 3
Make alkaline with NaOH (I N)
Allow to settle
Decant supernatant

i |
RESIDUE : SUPERNATANT
Dissolve in HaSO4 ¢
Adjust pH to 2.5 ' Discard
FEED SOLUTION WASH ELUANT
‘ 0.25 M H,S0, 18% NaHSO,
5 liters 2 liters | liter
100 gal/ft%/hr 100 gai/ft¥hr 60 gal/ft¥hr
AMBERLITE COLUMN
ﬁ‘ L T AMBERLITE IR-I (H* FORM)
N 1.6 cm? cross section
e ith 60 c¢m high
EFFLUENT AND WASH ELUATE POST-ELUATE AND RINSE
8 liters 0.6 liters 1 liter
Inactive solution 18% NaHSO,
0.2% Pu

l

DISCARD UNITE WITH b or Ic DISCARD

—96~
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( ponut juo)

FEED

32 liters
E ffiuent of Column |

pH=25
0.5% Pu
35% p
30%Y
99% U

100 gal/tt¥/hr i

*h

COLUMN 1la
RECOVERY OF PLUTONIUM FROM EFFLUENT OF COLUMN |

AGID WASH
20 liters
0.25 M H,S0,

100 gal/ft%/hr

ELUANT
7.6 liters
18% NaHSO,

60 gal/ft%/hr

ADSORPTION COLUMN
AMBERLITE IR-! (H* FORM)
1100 grams
120 c¢cm high
5.4 cm diameter
22.6 cm? cross section

PRE - EFFLUENT EFFLUENT AND WASH
10 liters 33 liters
0% Pu
99% U
gand Y
DISCARD TO URANIUM RECOVERY

.

ELUATE
7.6 liters
0.5% Pu

Some FundY

RECOVERY OF Pu

RINSE
5 liters
Distilled Water

100 gal/ ft¥nr

BACKWASH AND RINSE

Essentially distilled water

DISCARD

-.66—
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Table 36

fualyses of Fractions for Flubtonium

Deseriptions of Plutonium % Loss
Bolutions Billigreams

Colum 1
Efflvent and Wagh G027 0«55
Port Eluate 04085
Baokwasgh nons

Golumm I1 _
Avid Yagh none

Coluan 11X
Effinent 0.,0087 Oal
Sulfuric Acid Wash noene
Pilute Hzﬂgii% 0002 G405
&amammm ﬂzﬁz y
Ekxmts i1 0.0336
Elnata i1z not analyzed
ol ; D008 0,05




Table 37

Specifio Astivities of the Fission Products in the Differe
ent Solutions« Adsorption Column Run Using Very Hot Slug

Columm I Column 11 Column X1
Efflvent Bluate _ Effluent = Product Eluate
&/n X 10°7 &/m X 10°7 4/m X 10%5 d/m

Fiseion Products

00 day Ceriun ‘ 428 1.67 7.4k 8.88 20
28 dey CGorium

Ba6 1.88 5486 0e28 80

67 day Tttrium

66 day Strontium B+8% ledd Q46 0+84 Hegligible
20 year Strontium A _‘ ’ o B

68 day Zireonium 4486 0624 1.28 8008 16800

85 day Columbiom }

~101-

42 day Ruthenium l.42 0.858 0.018 0408 Hegligible

50 day Teliurium 0+185 0118 PR 8,77 Hegligible
82 day Teliurium }

Total Astiviyy 27.3 646 12.6 48,13 21520*

* The additional sctivity in the product eluate from Colum III is due to UXj.
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Deoontaminetion Factor for the Colums

Rlement . Do Fu De ¥ Do P Total
for , - for - for Decontamination
Cols I Col. 13 Gol. 111 Factor
{First Colwm {Second Cole
Trough Second wm Through
~ Colwm) hird Gclum)

ge 125 8e 4,64 X 10°
¥ | 1.6 1440 2.0 x 108
sr 887 T 29.8 * >10°

ir and Ob 3.8 T aeer 180 8.1 x 108
Ba - TBeB - B8 ¥ >10
06 » * . >107

Total 217 20,2 o272 1.7 X 10%

% Too weak %o weesure.
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¥+ DISCUSBION

As Effect of Excess Fitric Acid on Yield

© As it has been stated previously, the loss of plutonium in the first
solumm is highly dependent upon the total salt concemtration of the origs
inal solution. This oan be ocbasrved very essily from Table 39:

Fable 39 |
Loss of ?m%nim in the Pirst Column Effluent

Slug Wo. TYable No. NaOH  Plutenium in  Plutonium Loss in Ei‘flmaﬁ
‘ Grams Originel. ¥illigrams B
Hilligrenms

ggsl1 27 750 4.36 091 208
GUs8 1300 BB | 3,56 64.7

cos8 28 200 b o8 T2
Cowd g 106 4.74 0.283 6.2

CGeb 34 57 4,46 0.24 5.4
ol 86 4,32 0,027 0.86

In the third colusn is listed the smount of sodium WM M to
the ammyl mim% ia: the neutrelizer in order %o bring the pH to 2.4. To
bring out mors clearly the dependence of the loss upon the salt concentra-
tion, the valuss are plotted graphically in Figure 7.



Plutonium Loss, Per Cent of Original Appearing in Effluent
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NaOH Required to Neutralize Excess Nitric Acid

Figure 7. Relation of Salt Concentration to Flutonium Loss.
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8. Furthsr Desontsminabion

is is evident from Table 37 and Teble 38; the wrineipal eontaninant
in the eluate of the third column is zlreconium. It should be possible to
greatly ineresse thne decontamination faector by removing zirconium hy some
égeeific method, There sre a nunber of guck wmethody which have hasn
woried ogut in detull,. One ig the {uoride precisitstion which is efficient
and would give a wery good decontaminabion, but whieh has geveral obvious
disadvantages. 4 guch more attractive procedurs would be the usgs of znoth-
er sdsorption ecluamn, sgimilar to eoluwsm one but much smallsr in size. The
plutonium in ths eluabte from the third column could be sepsrsted by the
preacipsitation sten ag cutlinsd above, or by evacoration and decomposition
of the oxalic aeld with sulfurie acid. The nlutoniunm would be dissolved
by dilute acid. The resuliting solulion, after dilution to g suitable vole
vme would serve as the feed for an additional or fourth column. The spe-
¢ific decontamination factor for sireconium in this column is in the order
of one hundred, and this method would then give an overall deconbamination
faetor of 1Qé to 167, uging adsorption eclumns sxelusively. The delalls
of this additionsl column have been worked out on s laboratory seale, and
the resulte wers presented in an sarlisr ssetion of thie paver (IV,E,5,b).
Up to this point there have been no eenbtrifugstions, filtrations, or other
gteps likely to cause trouble when remobte control methods sre used exclu-
sivelv. The sluste from the fourth eoluan would be safe to handle without

excessive precsutions hecause of the high dscontaminastion factor.
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SUMMARY

This dismertation presents the status of the sdsorption column Proe-
sedure for separation and decontamination of plutonium as it was developed
at Iowa State College.

Starting with e single column for the separation of plutonium from
uranium, the method wae develeped %o & three column procedure glving, in
sddition, spesific decontamination factors of 10% %o 10% with yislﬁk of
over 99 per cent. This procedure donsists of the following steps:

&, The uranium from the pile i dissolved in nitric scid, neutralised,
and poured through & colwmn filled with Awberiite IR-1 in the hydrogen form.
After the colwmn has been washed with dilute sulfuric acid to remove the
uranium the plutonium is eluted with sn 18 per cent sodium bisulfete solue
tion. ,

b. The eluste from the first column is mede 1 normel in sodium hy-
droxide, agitated, end allowed to stand for a sufficient time for the hy-
émxidsag to settle. The supernatent is decanted off and the hydroxides are
dissolved in dilute acid. The resulting solution is diluted, complexed, and
neutralized to a PH of 5.5, This solution is poured through & sesond column
£111ed with Amberlity IR-1 in the sodium form. .

¢. The effluent from the second column is scidified to & pH of 2.5 at
which point the complex is destroyed. ‘!hia soidified solution is poursd
through & column £illed with Amberlite IR-1 in the hydrogen form. In this
step the plutonium, no longer in the complexed state, is adsorbed on the
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