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Foreword

The Subcommittee on Radiochemistry is one of a numbsr of subcommirttees working under the
Committes on Nuclear Science of the National Research Council. Its members represent
government, industrial,” and" university laboratorigs in the aress of nuclesr chemisiry and
anglytical chemistry.

The Subcommittee has concemned itself with those areas of nuclear science which invoive
the chemist, such as the collection and distribution of rediochsmical procsdures, the
rediochemical purity of reagents, radiochemistry in environmental science and in nuclear
medicine, and the role of radiochemistry 'n college and university programs.

This series of monographs has grown out of the need for compiletions of radiochemical
information, procedures, and techniques. The Subcommittee has endeavored to prasent a series
that will be of maximum use to the working scientist. Each monograph presents pertinent
information required for radiochemical work with an individual element or with a specialized
technique.

Exparts in the particular rediochemical technique have written the monographs. Tke U_S
Department of Energy has sponsored the printing of the saries.

Ths Subcommittes is confident these publications will be useful not oniy to radiochemists
but also to research workars in other fields such ss physics, biochemistry, or medic:ne who wish
to use radlochemical techniques to solve specific problems. .

. G. Davis O’Kellsy, Chairman
Subcommittae on Radiochamistry
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INTRODUCTION

This volume which desls with the radiochsmistry of americium
and curium 1s one of a series of monographs on radiochemistry of
the elements. There is included a reviev of the nuclear and
chemical features of particular interest to the radiochsmist, a
discussion of prcblems of dissolution of s sample and counting
techniques, and finally, a collection of radiochemical proce-
dures for the eiements as found in the literature.

The series of monographs will cover sll elements for vhich
radiocheaical procedures are pertinent. Plans include revision
of the monograph psriodically as new techniques and procedures
varrant. The reader is therefore encouraged to call to the
attention of the author any published or unpublished material
on the radiochemistry of americium and curium which might be

included in a revissed version of the monograph.

The authors have reviewed briefly the chemistry of smeri-
cium and curium. attempting to keep the emphasis 6n separations
of these elements while including enough background information
to give the reader some familierity with the topic. Much thermo—
dynamic and electrochemical data have been omitted; however, most
of the original refearences have been given and may be consulted
to obtain further information. Complete nuclear data such as
crosa sections, decay schemes, etc. are not included as thisa
informstion iz readily svailable in standard sources.

Referenced reports which are followed by (OTS) and their price
may be obtained from the Office of Technical Services, Department
of Commerce, Washington 2%, D. C. The symbols "mi" and "ph" refer
To microfilm and photostat. If no such symbol follows the listing
of a report, the authors were unable to determine its present
availability. The U.S. Atomic Energy Commission has made some
errangemsnts for the sale of microcepies with the Microcard Foun-
dation, P.0. Box 2145, Madison 8, Wisconsin and with Hoadex Micro-
print Corporation, 113 University Place, Nev York 3, N.¥Y_. It is
possible that thess organizations may be able to supply microcopies
of reportz. Tbke flyleaf of each volume of KRuclear Science Abstracts
may be consulted for further information. 8ingle copies of the
1858 Geneva Conference papers may be available for 25 cents from
Uoited Netions Bookstore, Tnited Nations Headquartars, East 42nd
Street and 1st Avenue, New York, N.Y. Ve are informed that single
coples of the 1855 Geneva Conference papers are no longer available.




I.  GENERAL REVIEWS (See Refs. 1 to 12)

"II.. ISOTOPES OF- AMERICTUM AND CURIUM
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IIZ. RE._E» OF AMERICIUM AND CURTUM CEEMISTRY
atraduction -

The “w> e_emenss, americium (Z = §5) -and curium (2-= 9§), vaich are
tre sutjects o <his revlew, protably —epresen= the laet of the heavy
eleaents oz viich extensive mscrochneristry in <he usual sense (involving
geveral ' 'icean to gran gquentizies) is ever likely to be dona.* The
evaiiebill-v of ame~iclur and cuxiun ir ~he laborstorles of the United
Stetes, Uzited Xi=gdom, and the USSR has resulted in international con-
=>Ibutiors to =he-elucidation of thelr chemls-ry.

Wnile cuch o2 the information on these elements was obtailned with
reletively sho~t lived isotopes Am®*! (a, ti/z = 458 years) end Cm™Z2
(a, t1/2 = 162.5 days) with the attendaat radistion difficulties, the
-- u.vu.ila{::l:ty of _onger lived isotopes in large quantitles 1s approaching.
In particulsr, approximately a gram of Am™3 (g, t1/2 = 7951 years) end
44 (a, t- /2 = 17.9 yeers) will be separated in 1959-1660 in the
United States. One can anticipete the formetion of longer lived lsctopes
of curimm by re-‘rradiation of Cm®** (see Teble of Isctopes).

A1l of the chemicasl manipulations with even the longest lived
isc=cpes of americium o~ curium require extreme caution end care. Only
<racer scale experimerze, i.e., & 10° counts/min, should be performed
on the berch top since the totel body burden (bone) is anly 0.057 miero
curies. Ay aecro-scale investige:ions must be carried out :Lnencloaures
such s glove boxes to prevent any physical dispersal of contamrination.
I- %5 a tribute <o the many workers in this field that relatively few
scclie-=s have ever occurrei. There are no known cases of serious illness
or desth ‘rom ame-Zcium or cuzium polscaing; bhowever, prampt medical
treetzern= 1s mendetary ir —he csse of an accldent, e.g. surglcal excision
end iztrevencus treatmert with calciur EDTA are usualiy used following
sxin pusctures ¥nigh denos-t the radicactive element. A report of a
rmedicel corferexnce et t:Ae Argonre National La.bora."ory( 7) sumarizes
ned*ce” expesie-ce in tnles field.

_I= the case of the coamon isotope of americium, Am®4', care is also
- required =5 avold excesalve hand exposure to the prur_inentrn- €60 kev gamma
radiat’an. (Lead foll or x-rey glass i1s & useful sbsorber.) With large
quantities of ame~iciun or curium, neutron exposure fram (a, n) reacticns

becomes a Drob_en.

+ Tue next kighe— element, berkeliuwm (Z = 97), 1s in a particulerly
wnfortuate situvation. Isotopes capable of being formed by neutron
i~radiation of plutonium, e.g. Bk2*® and ‘)’, are both short lived
end have large destruction cross sectlionsa. 1s To be sure, fm].lent
but demencing work cms and will be done on small quantities, e.g.
the abscrp-lion spectum of Bk was examined on a submlicrogram amount.



A. Jjgericium - -

Americium, elament 95, %8s the actinide haroloz of su=opium. As =
hydrated trl'alent lon, americiur ha= propertliee typical cf s trivalent
actinids or lanthanid=. Houever, americium exhibits orthar *mlerce sts-ee
vhich may scmetimes be used to effect separations. sAxericium kaa the
alence states of (0), (ITI), (Iv), (V), &nd (7I) =nd of these, cn'y
Am(ITT), (V), and (VI) are fcund in aquecus sclucicn. (The rather ccm-
plicated situation with respz=t to Ar\I%, wlll Te Iiz=:s3es later . Tks
lanic =pecies for thsese velance atates in aquecus acii me2le may be
represerted as Am , Am0z end Amdz . Such a Tepresencaticn dces rot
Includa waters of kydrsticn or possib.e complexad forms. & more cerai-zd
discusaizn of the characteristies of the 1ndividuz ralance states is
given below.

1.. The Msrsllic Stste - AniGl

Americium metel l3 more highly electropce=itiv= <han u=sniun,

aeprunlum, cr plutcalun srd hms teen Sra=pared sniy b3 the actics P )
poweriul reductants on anhyé=cus enerlclum sslts = high v_.-_-m:..erat-.z:gs.l'ls’
Iwo reactions vhich have bean used successfully are: (1} Ea « .Am?:,"-‘a)

and (2) La + Am-_')a.ka_‘) A dcuble rexagonal close psckes sttce-ire has beex
eported with a = 3.62 ~ 0.655 X end ¢ = 11.76 ~ 0.0 R.-29)

fay _ | -
centered cubic phase alsc exist3. - ©DGTh the Zessured 553 cs’cu’atsd

(19) s’
) Jm.::ﬂ.-?:-‘:.:-_’,.‘ -

A FTacs-

densities are in sgresment- :slc. = 11.57 + C.05;
The atcmic redius Zz 1-82 R-('ls) The vapor pressurz of the metal -ve~ tk=
temperature renge -103° - 1L53° K may be regresem=ed Sy: lcg p =

- T.563 - 13,162;-":.(20) .

Thus, tas vapor prassure oF aaericlium ia comsic-
2rably higrer ths= tast 2 __:1~.rtc,:n:l.1.n:1.k

21 -
) Thie may hsve =igntfics-ce es

a 3eparatliaon proced=re. i
&£ ) I

Mfferfag “—an scmz -Ther a'..'-..:i:.;d.e_. ne:tals_.l' ! a6 3lidgs -r ToomcxtiaT
formatisn ocrurs as amerizfi= mets) is 3llowed t= dis==oclw= ir hvdrsckloric
acld, that Iz, d2ssolut-on Tsx=sz plsce comletsly ezecrii—g to t=e
reaction Am +~ 3 E -ax - 1.5 E;.l'la’z") The k=3t of scluticr at

Iafi=-te 21lutisn X arezisdis metzl 2= byi-oachilorta soid s - 1FT 2

-

K-al. ::lel'zq'" enl vith scre eztimstss for ~ha erctrooy cha-gas Zor mich
a reacticn, -he Zorma_ prTeatial fzr <tre metal vs. The hvd-sted t——-a ast
on I3 - 2.72 vere. 7 2! AriecZciva oste- 1s therefsre quite 3ims~ s~ tc
a Trpical lentze-Ida me=3l ==d -3 <h2 TirstT acti=iia metz) vtics abovs

such ocorrespondeaszz. Most of the stulla: on emericlum msrss .~ oS0 l-a
&aa scals! kawe besr czori=d cur at Tze redlwersity o ZelSS-rris Haifs-

t1ss IshometsTy at Zeckelay Ty I. 3. Curnsrgham a-d co-wcries-s

- :ri.;:.n:-l.l lizeratise shoull be carsul-ed Sc- apecifiic al-rrgTioo

'
w



2. DKan-Txigtezes ¢f [ovelent fmericilum

2 emericiur s the homolog of eurdplum anc presumably bas the

- -z! struc-ure, it had been mEsumeld that americiwn should

- for= 3 @fveZe=t ste-e. Howevar, work wvith the Ea;eous_ dons showe, Ia the
ceze of Az end Am , <he- the energy difference between =~ and £2d 13 leas
tosn <hkat fo= <ha easlogous eurcoplum species.(zs) Same early vork(e)
i==sear 3o2alel! @33 give cextein indicstions of divelency but later exper-
_ Zzeg=:z vith maers qusntities of a:ueri'..iun produced ro reduction product
2--amesie-e berwean Am(ITI) end Am(G)-' ) Under cordizions (eizker in
gcluzisn o annydrous) vhere cme may qusntitatively prepare Fu(Iz), Sm(II)
or Y(II), nc co-responding res-tlon took place using americiun. If one
a-l-vs emericium Zeta” to react vith e minimm of Oz cr Ha, cne cen obtain
gubstances ccrrezpcaéing tc the stolchiametry AmS and AmHa. It has beea
stoun, koweves, thet the americium radiue in such “campounds” is more
retallic Thsa icnic'® and therefore should not be corstrued as evidence

fz- dvelent smericium. -

2. The Trfvglent S-ste = AmiIII)

The triveler: estate of americium is the one mcst of'ten encountered
in aguects =siutzm. As a simple hydraced lonm, trivalent americium 1s
very sirila~ to a typlcal trivalent lanthanide ion. Those reagents which
show speclfic benavior toward the lanthanide group will aleo undergo
their che=sereristic resctrion with trivelant smericium. Like the len-
the—idee, triveient americium hes en insoluble fluoride, hydraxide, phos-
phate, sxalate, lodate, ecc. While snsll differences in sclubility
——obeb.y exist between such inecluble lanthanlde campounds and thos= of
amariclum, caly in two instancas have these differences been examined in
‘dets’) £5 es to achieve peparation of americium from a lenthanide element. -

By slow hydrclyeie of dimethyl axarate'®) 1 8 solurion contelning
both ame=icium end lam:ha_nm, americ:hm axalate 1s enriched in the pre-
clpitate reletive to lanthammm. A typical axalate preclpitation by thia

- method car—ies 956 of the anericlim and leaves 50% of the lanthanum in

eslusiom. Amariclum(ITI) cxalste, vecuum dried at roam temperature, has
- the fr'rm:.la A0z Cz0.)g-THzU. Ite decampcsition vas studied an a thermal
belance." =l On heating Iin vecuc, weter is lost stepwise, forming the
anbyércus axelate &t 2uL0°. On heating to 2LC° in alr, anhydrous americium
oxglsta 1s fo-med which then decompcses on further heating. Decampositionm,
forring vlack Am{;, begine at sbout 3x° end 1a complete at ca 470°. The
solutility of AniITI) oxelate under va~ious conditions is glven below, (ze)
Scue dsts have been obraine:'®™) cn the sclubilities of the double

W fates of am2ricitm and certelr glkali metsla. Three dcuble sulfatee _



of americium ard potasslum have been cbtéined. The campound having the
camposition KgAma(S0.)+ which is precipitazed at high concentrations of
potassium sulfate has the lowest solubiilty, 3 mgs./liter.

TABLE I
AMERICIUM OXALATE SOLUBILITY

Formal Solubilisy

Media °C ;m/1

Am(IIT) oxalate 0.1 M HxCa0, s
-+ 0.2 M HNOg 22 1.8 x 10

" 0.25 M HNOa 20 2.5x 107

" . 0.2 M HaCz0, 25 1.8 x 107

A second precipltation method which has been examined in detail
involves the use of hydrofluosilicle a.cidkaa) To aepa:a:i:é americlum and
oramethium. Urder the experiments) conditZons used (see procedures),
pramethium fluoride precif:'l):a.tes while americiun remairs ian solution.
There are earlier reports whiclk describe the use of this reagent bcth
25 a8 preciplitant and as an eluant Zor lon exchange cclumrs.

Very little quentitative information 1s available on the camplexiag
of emericium. A thermodynsmic (zero ilomic strength) ecutiibrium ccnstant
of ca. 0.068 has been calculated for the reaction AmCl™ = an™ " + c.‘_--(ao)
Further ev'.!.den;:e for camplexing of americium with chloride ion results
fram the K, of 165 reported by Coleman, Hecht and Pemnemen 3) for
americium in saturated L1Cl and anlon exchange resin. A procedure -as
been developed for the separation of americium or curium from t>ivalen:

" lanthanides using the LiCl-enion resin sys-em and will be d*scussed 2

the purificetior section. 32,82) Americlum ard curium are mich leas
tightly bound to Dowex-50 ecation excnarge resir in 12-13 M HC1 than t:e
lantuantdes‘>*:23)

tion.

and th's orope>ty 13 very valuable a3 & group separa=-

Americium thiocyanate camplexZng 1s denonstrsted by t2e absorptioa
of americlum on strorg base arion exchange »esin Jram an aqueous phase
5 M NE..,SCN.(SB) Low molecular welght lerchsnides sre not st-ongly
abso~bed under these cordl-Zors end this syeEtem glves excellent lantharen-
ame>~iclum separations. .l\ll('2 o > 5 was neasured Tor americlum in 3 M
LiNOg toward anfon vesiz. ')

Other evidence For Am{ITZI) camp_exing evolves f~om the electromigra-
tion studles of Yakovlev and Kosyakov.''®) Briefly, 70-90% emodic rigra-
tion was observed for Am(ITI) in 10 M HC1, HNOs; &and EaSO... Tnly 1% snodic

aigaticn was observed “cor 3.7 M dCi0, systems. Approxcimgsely 2CC% srodic



migratior vas noted for 50% KaCOs and 79% migration was determined in 25%
NeCoHaOz. T - .
With the excepziaon of the work.of Ward end yelc:n,‘”)
caa e sgld about the exmct species present in a.n aquecue media. Absorp-
tlca on anlon exzchange resirns does not really defire an anlomic specles
In the acueous phase., This area of emericium and curium chemistry 1s
Bt3l> ves:t anéd uncharted. -

The majority of separetions of emericium {or carium) fram verious
co=tamizants which ZInvolve either ion exchange or solvent extraction have
deslt wizh the americlum in the trivalent state. These will be discussed
separately in the puri®ficstlon sectiom.

very "_‘--

L. The Tetravelent State - An(IV)

Orly three campounds have been identified which contain tetravalent
emericiun. These are the dioxide, Amds!3®*°) and two compounds with
fluorine, AuF, and KAuFs.'**) There 1s some question as to vhether AmOa
1s & stoichiametric oxide. In an accurate determination of the specific
sctivity of Aw®*® it was found that anhydrous AmCls and Amg(BO)s gave
camparatle results but that AmO, prepared at 890° would hsve to have the
stolchiometry A:noz_;_“z) to gve concordant results for the specific
activity.

Tetravalert americium has never been observed in solution. The
formal potential of An™> - An™* 1s -2.4k volt'*®) fram which ane woult
presume rapld cxlistion of water by tetravalent americium in aquecus acid
solution. The formal potential of Am'™* - AmOp' has been estimated as
-1.00 vo1t.¢®) Therefore the aisproportimmstion of Am(IV) vould be
favored by ca. +l.L volt or 1T kecal/mole. Some evidence for Am(IV) dis=-
proporsionaticn has been cbtained upon dissolution of Amg in EgS0, %)
and EClO.,(“) and constitutes another path for the rapid disappearance
of Am(IV) even 1f i1t should have a fleeting existence in solution.

5. The Pectavalens State - Am(V)

The exis-erce of this vmieace state was discovered by Werner and

- (12,45) who prepared it by oxidetion of Am(IIT) in potassium
carbonete solution st 95° with aypochlorite ion. The pentavalent state

of emericiun 1s obtained under such conditions in the form of an insoluble
(< 5 mg/riter) double salt with the alkali carbcnate. More elaborave
experiments with xubldium and ammonium enabled the characterization of

the hexsgomal campounds FbAmOzCOs and NE,AmDzCOs'*®) and orthorhambic

KAmO 2004 - 2( KoCO. ).(48:47) ) ronoclimic aouble salt with sodium carbomate
also e:ds"ts.(‘e Other oxldante such as ozone or persulfate have also
been founi e“fective. Other <hings be_ing equal, ozone 1s preferred because

PerZ

6 -



no new -cations or anlons are introduced into the solution.

The precipitation of Am(V) is routinely used to purify erericium
fram cartonate-solible impuriries such as lanthsnum or curlum. The
oxidation of americium with ozone proceeds smoothly at §2° in 3 M KjCOg.
The Am(V) 1s formed as a finely divided tar precipitate. Removal of the
carbonate supernatant followed by washing the preciplitate with dilute
KzC0s solution (weter slone destroys the campound) will reduce the can-
centration of elsments suck se lanthaemim by a Tactor of 10 or more jer
cxidation cycle.

Tt has been founé recentiy taat aigh (z 2 M) concenzrarioms of
potassium carbonste are not necessary to achieve camplete oxidation of
trivalent americium to the pentavalent state. ITf cne bubbles ozame
through a slurry of trivalent amerdcim hyéraide in cz. 0.053 ¥ KHCIj a:
92°, rexagonal KAmOpCOs 1s obtained.'*™™) A steicingly aisferemt bekavtor
is observed with 0.035 M NeHCOs. Uslzg sodim bilcarbonate at 62°, cme

obtains rexavalent americium = the form of a mahogeny colored, so.cb_e

complex. “*/ The structure of this complex 1s yet unknown. Ttis Am(VT)

camplex &lso 1s obtalned by treating trivelent americium in 2 M RazXOs
~h

with ozone at roam temperature.( ) =2 oze continues to bubble ozone

<hrough the solution end then ircreases the temperature to cz. 90°, the
ingoluble sodium-Am(V) compound precipitates. In fact, <his technZque
=epresents sn exceilent way to preplu-etne sod1-m-Am(V) corpourd f-se of
An(III).

Pen*avalent arericfum (i- ror-complex'ng medla) has the aTructure

A:nozf. Bvidence for thiz oxygenataed lon Yiss been drawn from severa.

aources. Sane s=udies heve been.made or correlatlons of fire struc Fa]
i1 the visible spectra oFf Yireni:m and =rersusaciur (V) end (VI) ima.\w,cs,so)
Crystal_ographic s—udles o= the insolible (V) compounds o piutonium,
negtizium and emericlum shcwed <rte M)E* ?-n exlisted as a molecaiiar e:xtity.(ﬂ)
The reversibiii-y of the Ar{V)-An(VI) coup_e tes beez teken as Tu~ther

. K s2
testimory to tte analogous nature oS Am(V) azd AmWI).( )

Stadies of tie
asyre-ric stretckirg frequencles of the [0-M-0]17 szd [0-M-0]17" iors com-
firmed tte deubly oxvgersted linear (or zeerly Iinesx) coufigurasion for
“hkese iom:,.('s::1

As might be expected, tkte ctemleca” S-oper-ies of such & ouoly
o¥ygenatel, 8ingly Charged lon differ mzrxedly “rom those o Triva_ent
A:n.ﬁ_" Both t=e rentavslex: .Anoz* &nd kexsve_ent A:r.O‘__-_i- are ®_ccrica-
.soluble and tkls prope>ty 18 usefu- In s:.a"'__:. gca’e serarastions-Srom
=lioride Insciudles suck as t=e lerthanides, Howeves, en lusdludle ctas-
szam double fiuoriée of Am(V) exlsts, KAz=OZF 2(5” buz Zafrly high con-

centrstZons of Kf &are recessary -0 ackieve precipizetlor.



Tne pentavelest state 1s unstable in acldities higher thar:. 1l molar

unde-go’rg disproposticmaticn with e fairly camplex mechanism, za-.ss,g,u
Originelly, it was thought that -the &lgproporticnetion followed a N
fa.u'ly sirple kinetic experssion, viz: -d[Am(V) 1/at(mcte iter” h.m:r-l) =.
0.0+ [Ac(V)12[EC10,]%. However, more recen: work ) vith the long lived
Am*® has showr That the rate expression 16 more complicated end should
be reoresenzed by en equation of the form -alAm(V) 1/4t "= ik [Am(V)2[HC10,.]2
+ k20An(V) )2[5070,]°. The repropor—ionation of Am(VI) snd Am(ITI) to form
kz(V) hee also been cbeerved using An=es 44}

The pertavalent sswate of amerlcium mlso cen undergo self-refuction
with a zero-order rate in perchloric acld corresponding to ~ 2%/hour.
The rate 1s scmevhat verisble in disferest media. >%%%:7»58) 1 migy
be emphasized that this rate applies cnly to the isotope Am=4%, vhich
hitherto has been used almost exclusively for studles on the chemlstry
of americtum. The half-life of Am®4' is 458 years, corresponding to a
specific activity of 7.12 x 109 d./min/mg . The emitted alpha particles
Interact with the solution to produce materisls, the ef effect of which
18 to reduce Am(V) to Am(TII). The rate of production of these raéiolysis
products 1ls proportiocnal to the total amount of alpha-emlitter and deter-
rines the rate of self-reduction. Thus, pentavalent emericivm contailn-
ing the longer lived Am®%® will undargo cansidersbly slower gelf-reduc-
tion. Hyd-cgen peroxide is cne of the products of “radiation-fragment”
recarbination; therefore sny solution containing & specles which will -
camplex or destroy peroxide will serve to slow the self-reduction of
Az(V). The rate of self-reduction is much alower in HCL solutian.,(“)

or Clp-setd. so_utioms.

( 55)

6. The Fexevele=t State - Am(VI)

The general caemistry of the (V) and (VI) states of americium have
scme pl=!larties, both states are fluoride-soluble and afford a quick
- seperatlor from fiuorlde-insoluble contaminants. The hexavalent state
wes prepered inicislly by direct oxldation of the trivalent icm in dilute.
acid (& 0.2 M H™) &= 92° using ammonium persulfate.'®) Some precsutiona
3) the ecid must be &llute
-Vl_ae:ca.uae persulfa-e decamposes via an aclé-catelyzed pe.th(u) to producs
-peroxymonosulfuric. acld which would rapidly reduce any hexavalent amer-
icium formed. Hexavalent smericium is reduced by C1l, Br or I  in acid
.solution end environmente of these icns cannot be tolersted. )

A-gertic ion and, to same extent, ceric ion, mey also be used to
achieve the oxidatidn of Am{ITT) to Am{vI).'®®’ Electrolytic axidstion
glves & high yield in 6 ¥ ECL0, "% tuz o three-compartment cell at O°

-are necessary to achieve this oxidation;
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mist be used at lower a.cidi‘ties to obta.:l.n comparable yields, (62)

Oxidation of Am(V) to Am(VI) is most conveniently carried out with
ozone, but cerlec ilon or argentic ion in hot, dilute acld have also been
used.®) To scme extent, all of these methods suffer from *he dis-
a.d.vé.n'ta.ge of contaminating the resuiting Am(VI) solutlon with the -:'educ—
tion products of the oxidant. Even dissolution of the Am(V) potassium
carbonate precipitate in acid followed by ozone oxldation to Am(VI) still
leé.ves potassiur lon present which is often a disadvantage for work in
perchlorate media. The electrolytic method often fails where the con-

- cemtration of impurities is hrigh.

- Two rether pew methods have been emplojred which may be ‘used to

generate Am(VI) directly. If ozone is bubbled through a slurry of Am(OH),

—-in i‘U.ute (ca. O. 03 M) NaHCO5 at 92°, one ob‘ta.i.ns the hexa.va.lent statzs

':Ln the form of a soluble complex as previously mertioned. 44) Subsequent,

"slow addition of acld to such a solution (in the presence of ozcme) ylelds

‘Am(VI) quantitatively in acid solution, with only a negligi'olé contribu-

tion to the ionic strength from the sodium salt produced by neutralization.
The second method involves the direct axldation of Am(ITI) to Am(VI)

using ozane.(&)' Direct exidatior in acld solution had not been success-

- ful:with: ozane.(. ) A re-examination of ‘the Am(IIT)-Am(IV) potentials in
a.c:‘l.d.'!.c and basic solutian suggested conditions under which this oxddation
ﬁ'_shnuld be favorable, 1.e., neutral or slightly glkaline solutions. While °

“the E° velue for the Am(III)-Am(IV) couple in'l M H' is -2.4k volt, the

. Eg value should be sbout 2 volts more positive, about -0_k or -0.5 volt
(1M OE"). (2) This estlimate deperds -prims,ri_ly upon whet 1s taken for the
 ratio of Am(OH).,,/Am(OH)a solubilities. Exoerimentahy, 1t was found that
st approximate neutrality, (pH 6—9), oxidetion of Am(OH)s takes place
with ozone. Hypochlor‘te will aliso cause oxidation but no Am(VI) is

: observed after a.c"dificauion, possinly due to reduction by chloride ion
”"'he ozone method (which s most effective at G2°), tekes about 1 hcur Tor .
écmplete oxidatlon on a several milligran scéle. Following the ozone treatmert ,'-
one may slcwiy add acid {(vkile conilnuirg ozone flow) to obtain Am(VI).

The hexavalent state an'oa.rez:tly sacws scme amphoter*c behavior; wher
hydroxide *s added o en acld solution of Am(VI) (constantly outsling
ozone to maintain oxidizing conditions) , & dark brown orecipltate forms
ebout pE = 7 but red:.ssolves to yleld a light yellow scluticn at pH = 13-14. -
If an Am(VT) soiuvtion is made basﬁc without czone present, considerabla
l_red!iéficn to Am (v) -6¢cfﬁ;s.('“'e°) No cheracteristic Am(VI) structure Zs
. “'o’b'served on spectral stud_Les cf-the. ca.sic solution but the no Am(V")
. aosorption spect"'ua rean'oea_rs on a.ciu_.:f‘ica.tion. T“Le snectrum of Am(vI)

:Ln bica.rbon.a.te or '.f;n ‘cacbonate solution is m.e.rkedly diffzrent frcm its

g



apoeerance I= acld solution., This 1s somevhet at veriance with the

behavior of Am{IZI) whose mpectrum is sltered very little from acidic

scluzioz, o A=(0F)s slurry, to 6 M Ko(0s solusior where Am(ITI) forms
-1 s-::'_-;.:.':ale zcrmlex. .- )

So2Ti- amexicyl acetste ig tie orly soiid campound of Am(VI) wkich
hes been examined carefuliy. It 1s Zsomorphous with the sodium acetate
doub”e gz_te cortaining hexaveleat uranium, putorium or nepumitm.(eo)
T-e corpoomE hes *he formule NaAnmOo(CaEzOzlg, 1s 2ight yellow in color
e-i kes e solubisicy o= C.67 gm/> in 3 M NeCaHsOz. ") No solid cxlde
o= fuor’de of <he (VI) state hes been prepa—ed.

The hexavelent staze also undergoes self-reduction as in the case of
Axn(V); however, <he rate of reduction of Am(VI) to Am(V) is more rapid
taes <hes ¢ An{V) <o Am(III). The self-reduction rate of Am®41(VI) is
CE. L‘_!;__!hc-.ir.‘sa’s-”sa) As with Axn(V), this is essentislly a gzero order
reec-ior, proportionsl only to the total alcha emitter present. This
falrly repid —eduction rate witk Am®4® has interfered with precise studiles
on the (VI) stste. The use of long-lived Ar®*® will allov more accurste
elucidation of many facets of Am(VI) chemistry. The Am(V)-Am(VI) couple
ie reversible and Am(VI) is also reduced more rapidly than Am(V) by chem-

1cal -eageats that vill reduce both, e.g., Ezozn(za,ss)
e-d culcride’®) reduce An(VI) repldly to Am(V) without reduction of Am(V).

7. Spectrs of Am(ITI), Aa(V) gad Am{VI)

AL: cf the agueocus valence stetes of americlum have characteristic
spectra. Ihe va~ious mexims are of such wave length as to allow all three
golution velence states {o be determined similteneously. In Flgures 1,

2, and 3, <the spec-ra are shown and Tgble IT iists the principal maximas

ard the mola~ extZnction coefficlents of each. The coefflclents were
deterrined Zn slightly different media and with different types of irstru-
mer-e. It is no:t surprising that slight dlscrepancies exist. Very
sign‘ficent chaages.in extinction coefficients are noted in higher con-
centrations of complexing acids suck as EF, HCL, EzS0, and ENOg\ >’ ="38,%%,57)
ané mist be considered when using spvectrophotametric teclmiques for

americiim determination. The inmtense Am(III) maxima at 5027 & does not

_obey Beer's law at higher americlum concentrations (apparently an instru-
mertel effect).

It should be noted here that the acticns of Am®4l alpha radiation
oo soZuslons can csuse camplicating effects in ordinaery spectrs. The
self-reduction of Am(V) end of Am(VI) has been menticned. Even in the
case c2 Ac!/III), rediclysis producte affect the spectrum at short wave
lengths (< LOOO 2) -(es) Reg:c-i.t)m of perchlorate ion has been cbserved

in concentrated solutians.( 2 )

-
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TADLE IT
ABSORPTION MAX"MA AND MILAR EXTINCTION CCOEFrICIENTS FOR AMBRICIUM

b4 € Ref. _..  Medis

Anm(T) 5027 3% (é3) (n)
5029 368 (L) ()

5032 3718 (38) (e)

5027 408 (k) . (o)

120 6.6 (L) i (n)

8110 &4 (38) . (e)

a160 69.2 (62) (£)

8122 68.0 (k) (o)

8110 63.0 (57 (&)

A (V) 5131 k5.6 (63) (n)

- © 51k Ly.1 (38) . (e)

51L0 by (56) - (a)

751 59.3 (63) (n)

T80 59.6 (38) (e)

T150 56.4 (56) {a)

TL90 62.5 (62) (£)

TeT T Bk.s (kL) ()

m50 55.0 (57) (a)

An(VI) Logs 60.2 (63) (n)

6630 30.5 (63) ()

6660 2.6 (38) (e)

9950 63.8 (38) (c)

9960 8.3 (62) ()

9oL5 | er.t - - (W) (o)

9oL T 86.4 (u2) (v

9520 T5.0 (57) (g)
Medin: -
(s) 0.1 MECQO,
(b) 2.0 ¥ ECmO,
(¢) 0.1 ¥ ECIO,
(a) o.5 X ECL
(e) 0.03 X HC10,; p = 2.00 with I4ClO,
(£) 1.0 M ECIO,

(g) 0.2 MECIO,



8. Purification of Americium fram Other Elemsnts

Was—e avallable, detailed procedures of separstion are givén in the
listing following this descriptive portion. However, since much of the
information hes not been written in the form of a specific procedure, e
gsneral survey of the results caoncerning purificatlon 13 in order here.

If cne 18 faced with the sepsraticn of amerlcium from non-alpha emitting
contaminants, the alpha activity of americiumr itself will serve ss a
quantitative check on the procedure., The 60 kev gmima assoclated with
Am®4> 13 regdi'y detected and is a convenient method for followling ers=Zciim
in both e quantitative ard qualitative manmner. If other alpha-enittexs

are presect, 1t 1s of'ten necessary to utilize an alzha energy analyzer to
discriminate the americlum fraction of the -activity.

- Purification will be discussed below under thrae separmte categories:
(a) where americium is present ia tracer quaztities, (b) vhere americiur
is present Ir m‘llig-am quantities and i1s contarinated with ca. S 100-
fold impuri=ies, end (c) wvhere the americium is Tresent in milligrsn to
gram quaatities but is ccntam?nated with ca.  1000-fold excess o
impurities. These distinctionz are somewhat arbisrary of necessity srd

a technique vhich will be dlscussed for ore scale might be just as sultsbie
for enother when comsidering & perticular problem. Same chemical ressor-
ing end inmtuition should allow a reasonsble declsion ss to which teckmigues
to employ.

(a) ‘Trecer Scaie Ame=icium or Curium

Biemith phosphate which waea the hlstoric co-precipitation reage=t
Zor plusoniwn w1l also car~y arericiun from 0.1 ~ 0-3 M HNOs. Tapuritize
such as calclun ard megneslum are cot carried. <te use for the separation
of aerericium from urine 1s discussed in the Irocedures.

With tracer quantitles, lanthsnum provides a convenZent carrier fcr
anericiun(ITT) or curiwm(ITT) in precipitation reactions. GQusntitative
oxtdstion of Ax(IIT) to Am(VI) in di-ute acid is cttained with persulfsce

. - -a -
evea gt americium corcertratiomns ss low as 10 ~ M., Such a tecknique can

(m4)

gerve to cseparate smericium and leathenumn, s well as emariclum f-om
curium 1< tke oxidation of smerici-m were foliowed by edditiom Sf flocxize
t0 precipitate curium/lsattanum tr‘_"_uoride.(ao’ o5, ea) Lanthamm oay also
be separated from emerleium and curium by & 13 M EC1 Dowex-50 realn colw
(24,39) or a 5 M NE,SCY Lovex-1l resir col.lmm.l‘

Jon exchange —ecn—iques proviie <he ncst powverfu. tOGl TOC separsce
t=acer (and macro) quantities not cnly of awe-icium and cu=’i Tut ailso
the transcurium ele-.ﬁ:m:ts. As sgimple, hydrated catioms In dlluse mizersl

acidis , txivalent americium and curdiun are 2ightly bound t9 esticz resins
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“workers

suct as Dowex-5C. Distribution coefficlents es large as 3. 86 x 105
_(resiz/equecus) have been measured for americium in Q.1 M nc:Lo,,. (_°:’)

The trivulant actinides elute ghesd of ‘the la:ttnaniues from Dcﬁru 50
resir in 13 M EC'_(S‘ s5) bus there is- lictle tendency for -emerjclum or e
curiun to ebso-b onto gnicn resin Zram hydrochloric acld medis. Several .- _
(e8,85,70) | ove investigated the behavior of eme=icium end curium -
in pinersl acids toward Dowex-l end Dowex-2. Their work shows that

americiun and curium are not sisu.'!.ficantly absorbed (s 1 columm volume)

" on these anic: resins fram 0.1 M to concentreted HCl, HxSO, end HNOs.

The absorption of Am(ITI) end Gm(ITT) on Dowex-1 fram concentreted
equeous sclutions of chloride, (s2, 33) nitnte(s.’) end thiocyuste(u’n)
salts contrasts strongly with their lack of absorption fram the correapand-
ing acids. A ciean separation o americilum fram lanthanum has been o'bta.'l.ned.

using Dovex-l and 5 M Im.scn.(u ) TFor a single batch equilibratiom,

- separetion factors of 30 for emericlum-lanthanum and 3 for emerliclum-

s
yrterbiun wvere found in 5 M HH,8CH and Dowex-1. (72) Surls and Choppin( )

- report values for-the disiribution coefficlents-between 2 M NH,SCN end

Dowex-1 for 18 Lf and 5f elements and also report distribution coefficients

*or emericium and éurcpium over a 1 R M thiocyanate concemtration range.
Several cetlon exchange systems particularly sulted to tracer scale

- separstions ol emericium &snd cur:hm and trmsct:rim elements have been .

utllized, Classically, buffered citrate solution was n.aed,( ) but this

feasent has been superseded by cthers giving better separation. Fram

Dowex-50, the eluamt 20% ethyl alcohol-setd. ECL'®®) gives an excellemt
actinide-ierthanide group separaticn alang with a somewhat better imtra-
actinide separation than 13 M HClL alcne. A method for the recovery of
americium end curium {(end transcurium elepents) fram cyclotron targets
Les beea stufled by Chethem-Strode.'’®) Briefly, tnis separation dependa
upon ebsorptima of Am(IIT)-Cm(ITIT) on cation resin fram 1 M HC1. wuh:l.ng
“with thie eluart removes alkall metals, alkaline earths smd silica. The

. ame=icium and curiur are then elirted fram the columm with 6 M HCl. Little

separation of emericium and curium 1s obtained but excellent re_solu!:ian
fram the light and beavy lanihanldes can be realized.

A gregt deel of information 1s avallsble cone the use of -
butoered ammontim lactate, ®® 7™ ") amontum tartrate,' ™™ and
emmonium glycola‘te.(n) Howvever, ammonium slpha-hydraxylsobutyrate
(pE & L) as an eluant from Dowex-50"has been used almost exclusively in
recent years for Intra-actinide scpu-a;bions.(n) Most of the work with
alpka-hydrcxylsobutyric acld has been dome at 87°. Other recent studies ™
have shown similsr separation factors can bs cbtained for emericlum,
cur:hm ani cal:.fornixm 8t room tempeTrature v:h:h lowver crou Jd:nked resin..

- - -
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The reagent ethylenedlamine tetrsacetde acid (EDTA) and ca'l::‘l.an resln
syatems show even higher separation '.t'a.c'l:ors for emericium a.nd un:l.:m( &0)
than the alpha-hydroxylsobutyric system. However, the alpha-hydroxyiso-
butyrate system is generally preferred, perhaps because the grester solu- -
bility of the particular metal camplexes concerned and the employment of
mo=e rapld flow rates. 81) The campound pentasodium diethylenstriamine
pentaacetate (DPTA) has been shown to form very tight camplexes with
thortum.®2)  Other work indicates that DPTA complexes plutanfum as
expected and has certaln advaatages campared to EDTA for removal of
plutonium fram the bod.y.() The possibllitles of actinide separatiom
using DPTA are yest to be expiored.

Table IIT im & camparlson of ammonium glycolate, emmonium lactate,
amronium alpha-hydroxyisobutyrate and EDTA in vhich the peak positions
are normalized to curium. The freercolmm volume has been subtracted Zrom
all positions. Elutions of lanthanide tracers showed essentially the same
behavior relative to gnd.olinitm(n’al) with amsricium eluting in about the
sam;a position as proamethium. Hence, operation with theee reagents is ot
useful as an actinide-ianthanide separation.

There ere several solvent extractlion technliques which have been used
on the tracer level. The reagent thencyltriflucroacetcne, 'J.'J:A,(B"”a’) st
TABLE ITT

ACTINIDE PEAK POSITIONS WITH VARIOUS ELUANTS

Glycolate Fra) I.a.cta:l:ehs) Buty:mte(-’a) Butmte(") EDIA(ST‘J
Element er er - er a5° 25°
- (Dowex-50x12) (Dowex-50x12) (Dowex-50x12) (Dowex-50xk) (Dovex-50x12)
(0.25 M) (0. M) (0.L M) (0.5 M) (0.COL M)
Ma —— - 0.05 —— -
Fm - 0.23 0.07 ——— ——-
Es — 0.33 0.13 0.1 —
o 0.6 0.L1 0.20 0.19 0.18
Ik 0.70 0.65 0.15 0.37 ——-
Cm 1.00 1.00 1.00 1.00 1.C0
Am 1.1s 1.2 1.Lk5 1.1 2.CL

a concentration of 0.2 M in bearene wil® gquantiistively extract americiur
and curlum fram an aquecus phase cf oE = L.J. Scme separaticn f—am
layg-hamm is possible by cperation et PE = 3.3; however, little or no
separaticn of smericium fram curiim cer be atta'ned at any acidi—y.

This —eagent 1s one best reserved for tracer levels of activity si-ce
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the unsgrurated TTA molecule 18 quite easily attacked by macro smounts of
elphe rediation and the camplex with-smericium does not have a high
salubﬂ.ity.(n’u) Thie reegent does allov & convenient tracer scale
separation c americium from plutonium since tetravslemt plutoniun is
coamplete’y extracted at much higher (ca. 0.1 ) levels of acidity. A
proceiure has been develcped 8T for quantitative tracer separation of
emericium eaf plutonium. Another, slightly modified, TTA systam for the
separation of americium and y-trium tracer Las been repori'.ed.(ea) This
wes acciarp-isheé by extrac-ing both americium and yttrium from an
aquecus phase initlelly pH = 5 1mto 0.5 M TTA in xylene. The americimm
wes then etripped from the orgmnic phase with en equel volume of ¥ EDTA
at g8 = 6.L7. Tvo back extracions removed 7L$ of the original americium -
with no detectable yttrium.

Considerable work has been done with the reagent tributyl phosphate
(TEP). Tr!s ester is much more resistant to radiation than TTA and is
mo-e oSten used with macro Emourss than at the tracer level. There are

- several experimental persmeters o consin.e:r such as TEP comcentration,
acld and selt cancentraSlion of the agueous phase, etc. Peppard end co-
‘H'orkera(as) g-udied the distribution coefficlents of lanthanides and.
ectinides fram 12.0 M HCL ené 12.0 end 15.6 M HEiOg imto undiluted TEP.
Other vork(so) describes the couxter-current separation of americium and
curium fram ritric ecld solutions into THP.

The extraction of americium with acldic esters of orthophosphoric
acid has been repcrted.(™) The aistribution ratio of americium imto the
organlc phase cen reach values of 10° from aquecus phases of dllute acidity
and Zractloral values for the fermal concentrstion of the ester in the
orgenic pkase.

The extraction of Am(IIT) fram ) M NE(SCS into TEP has been used
on tne rrliitgram acsle {see purification section) for americium purifica=
tion. Thils system would mlso be useful with tracer quantitiles.

welsh!®2) srudied the extraction of emerdicium(ITT) from aquecus
niirate so.ution by tributyl phosphate. The extraction 1s favored by
high nitrate ion conceztratlon end high TEP concentration in the organic
phese; I= 1s reterded by high aqueous acidity. The extraction of americium
18 gree:ly influenced by highly charged cation nitrates, e.g., imto 35%
TEP, 2.5 M alumimm nitrete, K’ = 1L2, while fram 5 M NeNOs, K, = 3.

The solvent extraction techniques menticned ell involve trivalent
americium. Reduction of Am(VI) tracer occurs so easiiy that use of this
velence stete on a tracer level is not recampended. DBoth catlon and
anion resirs reduce Am(VI) to Am(v);(“’ez) hovever, Dovex=50 has been

_.-used to separate Am(IIT) from Am{V)_ withoyt rednct:‘l.on_p-:f-Am(V).(sz}

(as)
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(v) _ Milligrem Scale S-epu'a."tiana
Methods, such as omes involving oxidation of Am(ITI) =o Am(V) or
Ar(VI), vhich are excellent for the separstion of americium om the =*iii-
gan scale fraom only milligram amounts of impurities sre often fourd
unsuiteble at higher impurity levels. Mary times a concentraticn step
mst be performed for volume reduction and separation of mi-ligram smcunta
of anericium from bulk impurities other “han lanthermum. A trivaleat
lanthsnide-actinide fractlon may usually be concentrated by e sultsvle
combination of fluoride or axalste precipitations. Mest trarsition elemen=s
form scluble camplexes with these anlons and sre removed. Seversl such
procedures have been reviewed.(a’a-!)
Concentration by extractlon from nit—ate medfa using THBP kae teen
mentioned gbove and i & uselul technique.. Colanan'“) bas fourd that
LO% TOP extracts enmericium from X M HH.SCN with e Kg of ~ 100; if <ha
concentratior of NH,SCN is 1 M or less, lanthamm ta 8 KZ gbout &
factor of 10 less tten ~hat for emericium. (With thiccyenate geme-slly,
<he presence of high ecidilty or etrong ox'célzing agerts xust be avoilied.)
Experlerce on the lzolstion of & 25 ngs of emericlun from grem amoun=a
of impurities 1s summarized in recent reports. ZSall and Her:li:a.n( ==)
repor= a procedure for the separation of 25 ag of amrericiur Zram 2 gm of
Plutonium and 0.5 gm each of uranium and iror. Flutonium ard uraaire
were removed by solvent extraction. Americium cxaare was then
precipltated end metathesized to the suifete. A series ¢f ox*dstiom-
reductlon cyc_es separated she reslidis® plutcalim. Filca® purdficetian
involved the use of a. 12 M HCI-Dowex-50 on-exchangs colimm.
"™e separatiod of 50 mg of Am?*l” frcm -gram amounts of plctoniun,
bismuith, !ror and sub-grim emounss of lantharum and sther impu=ities
was dascribed by hﬂ_'l.'tia.m.(sa) The proceéure conmsisted essextially cf
precipi-eting the combined hydroxides usiag emmonia, dissolution of the
precipitate In concentrated HC. foliowed by passage ~hrough Dowex-2 regzn
“hicah ebscrbed iron sné plutonium. The eSfluert was &livted =o L M IC1
and pessed trrough a secand Dowax-2 column wiich arsorced 2iamuth. Yar-
thenum and.,amt_ariciu:n were s2parated using Dowex-30=ccrzeertrsted ECT -

84) cg=rved cut the isolatiom cf ca. 50 ng of smex’ciur Trar

Naito
grem quentities of impurities. After precipitatisn methods Por corceatrs-
tion and par-ial puriication, the use of botk the 23 M HC_-Dowex-30 ==&
the 5 M NE,SCN¥-Dowex-l ion-exchnange nethods are desaribed, g=ving detal’ed
ana‘yses cf'va:ric!.:.s impu—ities af:-e= each step.

Velgel' 88) yas faced witr <he problem c® recovering sbourt 1C0 =z
apericium from vesy lmpr-e weate acluticns. Ee attamprei to axt=2st T:-e
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ame=icium with TTA and experienced precipltate formatlon, but wes even-
tusly eble to recover most of the americium by other techniques. (The
dlsedveniages oF m for macTo quantities of americ:hm ‘ha.ve 'been mﬂntioned
‘earlie-.) -- .- - - - -

_Once an emericiwa fraction nas been enriched to the point vhere
emericitm is the major constituent, any of the several_tgc_:hn:’n_.quel men=-
tloned i= the previcus section can be used. In additlon to methods which
work at tracer levels, methods involving precipitetion of carrier-free
americium and oxidatlion-reduction techmiques became feasible.

On the severzl mil igram scale, emericium is conveniently- pu:'f.;'.‘lried.
fran cerbonate-soluble impuritles (such as La(IIT), Cm(IXT)) by ccldation
of Aa(ITI) <o the insoluble Am(V) carbonate from potassium carbonate (the -
conditicas ere described in the Am(V) secticn). Dissclution of the Am(V)
Precipitete in dilute acid cen be followed by ozame cxidatiom to An(VI),
subsequent addition of fluoride ion will p:'ecipitu.te the lanthanide-like
fluoride-Insclubles leaving Am(VI) in soluticn. The emericium may be
subsequently recovered by adding a reducing agent to the 2Am(¥I) super-
-nasaat solusion (etill contairing excess fluoride) and ];:-eéipita.ting ener=
icium <rificvoride. Trivalent americium fluoride may be dissolved in 1 M
HHOg-satl. Ez30s or metathesized to the hyﬂ:raxiﬁ.e by trestment of the
fluoride precipitate with 0.1 M KOH for 1 hour at ca. 90°. Alternatively,
Am(TIT) can be oxidized to Am(VI) in dilute acid with persulfate (for
decails see section on Am(VI)) and the fluoride precipitation carried out.
Qne may recycle the americium in such an operation as necessary to cbtain
the desired degree of purity.

Ion-axchenge aperations on the milligram scale are subject to same

“limitations. Considersbly more cross—-contemination generamlly occurs
between adjacent elements (e.g., smericlum end curium)- and it should be
_emphagized thet the separation fdctors given in Teble IIT are for peak
positions. FPorthermore, the gas evolusicn caused by the alpha rediaticn - -
‘associeted with milligram quantities often causes plugging of the column
-fram butbles. This in turn necessitates more repld flow rates wvhich may
éowngrade tne effectlveness o the separation. Kevertheless, most of

tke ion-exchasge techniques mentioned in the previcus section have been
used puccessfully on the milligram scale.

(e) M:Iligrams to Grams of Americilum with Multifold Levels of Impurities

Unfortunstely (or perhaps, fortunately), chemists have cften had o
consider the probler of recovering smericium (or ecurlum) from solutions
vherein the actinide is present only es a "barely detectable" mpectroscopic
impurity. It has certalnly not been uncammen to encounter several gallcms



of highly salted "solution,™ perhaps ca. -15 M in totel cation :a_nd._de.nsity
~1.6. Such "solutions" usually have the color, viscosity and tranaperency
of split pea soup and invariably have a suspicious sludge on the bottam

of the container. HNevertheless, theru may be americium contents ranging
from severel milligrams to several grams vhich somehov must be recovered.
Glum as the prospect may seem, 1t is possibls to recover the amaricium
from such miserable madla in reasamsble yleld with only slight wear and
tear on the personnel concerned. Isolation of cmrium from similar medis
would be sxpected to be about as efficient.

There have been several schemes described which lend themselves to
treatment of such extremely impure americium soclutions. Probably the
bulk of this work has been oriented toward the recovery of americium
from various plant residues which are by-products from the purification
of plutonium. Since americlum is formed in reactors by the reactions
Pu®2® (n,7)Pu24%(n,7)Pu¢l § Am@4l, this americium !sctope 1s contimually
encounttsred in plutonium progessing raffinates.

Obvicusly, same preliminary step mist 1ead toward thes concentration
of an actinide-lanthanide fraction which msy be followed by more specific
chemistry. Successful carrying of Pu(IIT) end Am(IIT) with calecium
oxalate fram solutions containing high concentrations of magnesium,
alunimm and calcium nitrates (total cation concemtration up to 10 K) kas
been reported an a plamt scale. ™

I® the concentration aof total cation 1s high, solvent extraction with
TEP is widaly used in concentrating the americivm. The Impurity itsel”
acts as the salting agemt to insure high extraction coefficiemts. A
routine method has been reported'”*) using 30% TEP in Gulf BT (Gulf BT
is a kerosene type dlluent s0ld by the Gulf Refining Compeny). This was
used to extract americium from & dflute acld aquecus pnase (ca. 0.1 M)
and heavily salted with alkaline eerths, aluminum and sodium nitrates.
Distrivution coefficlents of 6 to 10 were obtalned for this system. With
many . impurities, the use of a higrter pH must be avolded aince precipita-
tlon followed by emlsification can occur. Little or no separation *rem
lantranides was obtained snd considersble amounts of other impuri:ies were
aleo extracted, but it served well as a convenlent concentration step Zor
the americium. The americlum was recovered “ram the organic pnsse by
stripping with water.

An axaiste precipitation was then made which Zurther concentrated
the lanthanides, alkaline earths and americium from other metals. The

" cxalate cake was metathesized to the hydraxide by treaiing wita 0.1 M NaCH
rorl hour at 90°, ylelding a dense, readily Ziltexable nrecipitate. By
‘batchewise wasking the hydroxlde precipitate with 2 M NE,NOs, the alkalize
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eerths were leachsd eway with little loss of ame—icium. Following this,
the emericiun end larthanldes were seperaced by lon exchange. :

Another "ﬂ'port( ) describea the recavery and sepa.ra'l::!.an of mriciln
and plutariur *rom soiu=ions of tyolcel camposition: = 100 mg/liter;

Am = 2 ng/lZter and total catim (impurity) = 10 R. If the solution 1s "*°
made 1.6 - 2.2 ¥ in 5" and cortacted with 37% TEP, culy plutonium is
excracted. Afver trestment of the plutonium-depleted aqueous residues
with base “o0 b=ing the acléity <o 0.13 M, emericium and lanthanides are
extracted with 37% TRP.

The sepzrwtion of smericium fram such concentrates has been reported
by ORIC end LASL. One ORWL concemtrete'®’) comsisted of sbout 10 g of Am@®
vik 3 kg of lesthermum and smaller amoumts of corvosion products. Two
seperatian technigues were used on this materisl:

(1) EBlusion of emericium from a 25% loaded Dowex-50 resin coluxm with
0.15 M citric acld--0.10 M diammonium citrate—-0.3 M ammoniim nitrate,
IH = 3.3, gave e product containing 99% of the emericium with a La/Am
ratio of 17100 or less in one fourth of a columm volume. Approximstely
9 g of emericium was purlfied by this method.

(2) Elution wiih 12.8 M hydrochlcric ecid fram a 20 to 30% loedsd
Dowex-50 columm gave 99% of the americium in two colimn volumes of product
with e La/Am ratio of sbout 1/k. About 1 g of americium was purified

by this method. (Note: Use of concextrated HCL in canjunction wvith grams
of epericium and killograms of lanthanides requires many liters of 13 M .
HC1l <o evaporate. This has deleterious effects on metal process equip-
ment.) Later, a solvent -extraction process for the separaticn of smer-
jeldum £ram large quantities of the light rare earths wes dsmonstreted on
a pilot plaat scale.(aa) The process utilizes the preferential extmction
of emericiur imto 100% TEP fram 17 M nitric scid. Americium is enriched
in the TEP by & Zector of 10 corpared to lamthanum.

A= LASL, separation of emericium from such amsricium-lenthanum con-
ceatrates utilized displacement mnslysis with 0.1% citrate pH = § and
Dowvex=-50 resir. With m:ltigram amounts, a series of head-to-tail bands
develap w-ich may be cleenly separated. (72, 09) It hes been replaced by
the 5 M NE,SCN-Dowex-l eystem which is mich superior.' >’

A cambination procedure using Dowex-l and RE,SCN to separste smer=-
icium fram rere earths, iron, aluminlum, manganese snd chramium is out-
iined below. An impure mixture of emericium, lanthamm, iron, etc. is
abeorbed frem &i“ute acld on Dowex-50. Pmegage of 1 M RESCN through
the colurn removes lrom readily. The column is stripped with 5 M RHSCK
and the solution is fed dlrectly onto m Dowex-~l column. Elution is



cantm.ue& with the 5 M NH,SCN until. the rare earths are eluted (Preseace .
of rare earths in the effluvent is conveniently tested by adﬂition of .
oxalate lon or emmonla.) If bulk rere esrths ere present, ~ 20 ml of
Dowex-1/gram of rare earth is needed.

Chromiym(ITI) apperently reaches equilibrium slowly in thiocyenste
solutions. It has been found “*) that waen Cr(IIT,) i= removed fram
Dowex-50 catlon-exchanger with 5 M NH,SCN it is not sbscrved on Deowex-l
anion-~exchanger if the chromium solution 1s not ellcowed €o stend. If-
the Cr(IIT) is allowed o stand in 5 M NH4SCN it is then strongly ebsorbed
on Dowex-1. Na.i'to(s_‘) suggests passage of Z M NH,SCN through the Dowex-l
colum to remove mangsnese and alimminum pr"or to stripp:u:g americium from
the collmn with 0.1 M-HCl. : o
_ . It has been mentioned that the actinides are szbsorbed oa N

Dcwex—l anion resin frcm hishly concentra...ed 1iCl. There are two
reported procedures which utilize tkls separation. Seperation of 1 gram
of americium-from 100 grams of lanthanum using sa.'tu.ra.‘ted lithium cl:.'l.orid._
(20 molal) and Dowex-l resin at room tempersiure was reported. 71) The
smericium is bourd to the resin while the lanthanum is washed thrcugh.
Crene and H:‘ng"_ns(aa) isolated thousend-curie quantities of curium42
by using 10M LiCl-dilute HCL at 80° as elusnt from Dowex-l. A lanthmids-
- actinide separation using ‘hot (87°C) 8 M LiCL - 0.1 M HCL and Dowex-1 was
studted.'®®)  The lantheiides come thru the colwm first; and scme separa-
tion of americlum a.nd cur:hm is obta.:l.ned. The emericilum or curium mey be
‘readily desorbed by striprving with HCl. However, operatlon with these
reagents and macro qu.ntit* es of alpha-emi"'ter often suffers from the

(32,33)

.. dlsadvantages of :anrea.sed neutron hazard frcm the (o n) react:‘l.on on .
1ithium end the syrupy conslstency of concentreted L1CL so_uticns.

A method developed 2t the Canadian Chelk River Project by Butler
and Merrit: %00) has been used to sepe;ra:te grams of americium from kiloe

grams of felrly puie plutonium, The-bu_‘l_‘c of the plutonium wes sepersted
. by precipitation of the peroxide. A hydroxide end flucride »recipitatica
followed by anion and cation colurms with HCL brought the emerlcium to
99.%% purdty. ' '

Scme stua'.iesuo” bave been done using molten blsmuth to extract
emericium fram 'mol‘tén pltrtonitm, ‘however, the conditions descrined did
<:.w.o't.-g':'we a high yield purificeticn of. emeiicium—p‘lutonim. An esxriler
report 2) describes vacuum fractionastion of ame** cium from pluwtonium
- ard curium from ‘américimi using &ifferences in volatility. Althcugh the
e_xper_nenta.l.,condiuons -desc;'i'bed. were somewhat difficuit to malntain, -
-thils_type of separation‘ﬁ:ay' nave advantages under soms conditions.
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3. Cuztur

Curium, element 95, is the actinide hanglog of gadolinium. The
sinb_e valence of +3 in aqueous solutlon makes this aspect of curlum
cnerd gTvy mich gimple~ to comsider. Two other states, {0) and (IV) can.
be at:alped under anhydrous conditions. A more detalled discussicn of
these valence staies 1s glven below. -

1. The Me+allic State - Cm({0)

Curium netal hes been prepared by reduction of CmFa with barium
mesal va.?or.(loa) Curium Is eppreciebly less volatile than nmrici'lm.(“’
The properties of the metal were gtudled with great 4ifficulty because of .
the raliation. The intense alpbe and gamma radistion accampanying CarRé2
(162.5 dsy half-life; 7.k x 102 g/min/mg) render any menipulatioms with
thls isotcpe extremely harardous. The gamma radistion also blackens
" x-ray filr and necessitates the use of extremely small (< 0.5 microgram)
smounts which decreases the accuracy of crystallographic measuremernts. -

" Within the last few years, milligram amounss of 17.9 year Cr®** have
become evaillsble and alrealy same of the early Cx*2 work has been
repeated and extended using the longer-lived isctope.

102)

2. The Trivaleat State - Cm(IIT)

The trivselent state of curium is the cnly cne encountered in
soluticn. As a trivalent ion, curium is similar to trivalent smericium -
(and hence to trivalenmt lanthanides) and exhibits essentially the same
behevior toward group reagents. Fluoride, hydroxide, camlate, etc. are
all quentitative precipitents. A thermpdynamic constant of ~ 0.070 has
been detesmined for the reactiom Cofl™ e Gn* - c1”.(39)

The exclusively trivalent state of curium in agueous solution can be
helpful in separa-ions. However, if cne must purify curium from another
exclusively triveleat "lantharide-like" impurity, a method such as ian
exchange nust be employed. Group seperation of actinides (trivalemt)
fram lacchanides has been described in detail; snion resin, Licy; (32,33
cation resin, 13 M BC1;S>*3%) cavion resin, 208 ethyl alcchol - satursted
ECl.( ®) Although -probably not useful for Cm242 in macro emcunts because
of the effects of alpha activity, NE(SQN, Dovex-1'2%"") yould imaountedly
prove'wbe a good method for the separation of curium fram the lanthanides.

For the seperation of americium and curium, several ion exchange
“techniques discussed in the tracer-americlum section sre applicable.

These are cltrate, tartrate, lactate, and a-hydroxylsobutyrate.

Oxidz:ian-redn-ccianmlea can be used in a solution comteining
gmericium gnd curium, e.g., the emericium can be aridized to the (V) or
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(VI) 'state, the curium remaining trivalent throughort L55) e corcentra-
tion.of Cm®*2/ml is a critlcsl factor in the oxidastion of Am(III) to

Am(VI). It wvms found that Cm=*® concentretions > G.5 mz/ml preventad the
persulfate oxidation of Am(ITI) to fluoride-soluble Am(vI).'®®) on

lovering the Cm#%*2 concentratlen to 0.16 mg/mi, quantitative axldaticn to

Am{ VI) was obtained_ Similsr experience wss reported by Crane and Perlman.(la")

The oxidation of Am{ITI) to insoluble Am(V) in potassium carbomate
has been used by seversl wrkers('s’u’ﬁa) as a separsticrn from curdium.

It scems less semsitive to the alphe setivity of Cuw?%2. Corcentrations
renging up to 0.32 mg/ml were used in 2 M, 3 M =nd savursted KzCCy
solution with the Am(V) precipirate contadning 0.2 - 2% of the curim
afrer s aingle precipitation.(ss)

A convenlent smell-gcale separaticn for emsricium ard cvrilum irvolves
trestment of a slurry of rThe mixed triveleat hydroxildes in 9.02 M lieHTG
with ozome at %“.(“) The americlum is cxidlzed ts tke solubls SmiVI)
camplex; the curium hydroxide 13 unchenged and msy be separated oy
centrifugation and dlssslved in any desired acld. Decontaminastion factors
from smerizium of 2-3 per cycle can be obtained by tkis technique.

3. 3pec=rum of Cml{ITI)

The recent dis-:overyhos) cf prominent absorpticn peaks in tha rear
i.v. spectrum of aqueous Cm{IXT) using Cm®%* has snalyticsl uses. The

gpectrum 1s glven in Flgure L., The three major pesks cbay Beer's law
snd mey be used for qusntitativa determinaticms.

L., The Te-rayslent State - Cm(IV)

nly two campouncis have been studisd whiech cortain tetraveler-s
. - - l1cs - lio7
carium, the dioxice, Cmo, ) na CmFy. )

under stringent condlticns using cxygen or elsmerntzal flucrine, Such

These ars prepared orly

campounds were found to be lsostructursl with oxddes and Zlucrld=s of the
cther tetravelsnt actiricss., Atramptsd disscluticn of thesa compounds
resulted in the Zxddation of vater snd the immediste asppeserznce of

om{ ITT).

5. Sepavaticn= of Curiim from Cther Zlemerts

" Detalled procedures will be given 1n the fellowing section. Tre
_ gensrat cethods were mentioned usder trivalent cuxrium,
Solvent extractlcn techniques with TEP hevs b=en spplied, For s
- g&~ose.ramoval Sf .lantihenides and scrinides. TBP extractlon from salred
s5luticns 15-__ effective. A ddstriburion coefflcient of on. 10D wes
t1csl for curlum ints undi’ursd TBP Zrom an sijuecus phase 7.
Nallig and D.L M EI0s5.
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IV.  COURTENG TRCHNIYIES

-Alpha emitting isctopes can be determined by the usual counting
techniques and an excellent general discussion is givan—elaawhere.(ma)
Where several alphs emitters are present; use of an alpha energy anslyzer
1s necessary.

As both an elpha and gamma emitter, Am@4l can be determined by count=
ing either type of radiation. A method has besn reporr.ad.(uo) for doBc=-
lutely calibrating such cowmting ingtrumants. A detailsd procedire Tor
gamma cowting mmericlum is zivem In the following section.

Platimm 1s usad classicelly for coumting discs tut these ere
expensive un'ess clesned and re-used. However, 3 - 5 mil stainlesas steel
(for nitrste solutions) end tantelum discs are in general uss. These may
be -discarded after cne use. Metsl platas have the advantage that they
can be heated Inductively. Glass microacope cover glasses are used in
sqme lsboratories. Since they are of soft glass, they must be fismed
vith caution.

V. CQLLECTION OF DETATLED RADIOCHEMICAL PROCEDURZS

PROCEDURE 1

‘GAMMA COUNTTNG PROCEDURE FOR AM2AY

Source: J. Bubernak, M. 3. Lew, G. M. Matlack, Anal, Chew.,
39, 1759 (1956).

. This procedure was developed for the determiration of emericiux®él
in the presence of plutcnivm. It takes sdvartage of the fact that the
- gamma t0 alpha activity ratio for americiur®4® is mary times greatex
than i1t 1is for plutonium. It cannot be used in the presence of fission
-productuorvhzrethmhubemanenriehmmtofthcumimdnushters
of plutonium, perticula~ly 6.8 day U7,

Counter Calibration. Greatest sersitiviiy is obtalned wi<h a well-
type scintillating erystel, such as Harshew 778 NaI(TZ) crystal, coupled
to a 2 inch multiplier phototube (Dumont 6292). Tue phototube outyus,
atter golrg through a pre-ampliTier such as the Model 205-B, Atcmic

- Instrument Co., is led irto a scaler whose trigger sensitivity 1s set at
10 millivolts. Under these conditiars and wsh en emericiun®%l sample
.. Treparesd as described below, a specific activity of sbouc 2 x 102 gome
" counts per Illi'l:'!li.te per microgram cf americim is Toumdé whem the hizh vol-sage
for the phototube is se= in the vicinity cf 1000 velts. The exect volzage
-will vary from cne phototube to ancther. The speci®ic acsivity of
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PROCIDURE 1 (Comt’d)

fautozium a:- this volteze is epproximstely S5C -cm:;rs per.minute per micro-
&ar. TFor meximm stabi"_"cy it is desi=mble to set the voltage 80 that
the lower eci==c® poimt of =he counter lies in the valley between the 53.6
kev gaxom pesk of americium®él and that at 23 kev (the unresclved combina-
tion of the 25 kev gamma and the escape peak at 31 kev). This adjustment
mey te made, without <the aid of a pulse-height analyzer, by inserting
an axe>’ciun aan;'_-e in the well, end determrining a "platesu” curve for
The cownter, ueing <he phototube high voltage as the variable. Plotting
tke dITTerex=tial of this curve ylelds the gamma spectrum of the americium
. 9zmple ve~sue phototube voltags, fram which the voltage for the desired
cut-0fI pclag- 1y be determined.

Callbrate The counter with knovn amounts of pure plutoniiom and pure
- amaricium, preparing the samples as described under "Procedure". The
plirzcairn e=sndard miet aleo be alpha coumrted in order to obtain the
Flr-orlimn alpha to gamma sctivicy ratio, vhich 1e used vhen psmples
cartefaing bo-h eme=icium and Plutcnium are gamma counted.

Procadure. The procedure given below is for emmples which comtain
both amaricium and plutonium. If only smericimm is pressnt, Steps 1, L
end 5 mey be omitted.
1. Deterxine the total alphe aetivity of the sample by counting a sultable
aliquct in a 2 F-proportional alpha courter. It may be necessary to dilute
the sample before performing this step.
2. Trensfer 2 mi1iiliters of the sample or dilrted sample to a 13 x 100
mil imete~ test tube, being careful not tc leave any drops an the side
valls, If it ie expected that 2 milliliters wvill give sn excessively
high gamms count rate, use a smeller aliquot, then add sufficient 1 M
nitric meid to make the volume 2.0 #+ 0.1 milldliters. BStopper the tube
“with a cork. ’ -
3. Place the tube in the well of a Type 'rrenmhunal(m crystal, snd
garma count for a sultsble lengith of time.
L, If plutcnium 1s present, asmume that the total alpha activity found
in Stap 1 i3 from plutonium and campute the corresponding gamma activity
fram the plurtaniim slpha-gemaa activity ratlo.
5. Subtract this fram the total gamma activity to obteln the smericium
gamma activity. Even 1f most of the alpha activity is mmericlum, the
assurprion made in Step L will inmrroduce an error which 1s never greater
than O_Z percent.



PROCEIURE 2
TETERMINATION OF AMFRICIUM IR PLUTONIUM FRODUCT SOCLUTIONS

Bource: H. R. Sclmidt, EW-25%27, (1952), #1.80 (:ph ors),
. #1.80 (mr oOTS), ‘ba.sed.anvurk'by

H. W. Miller, EW-22267, (1951), #0.10 (OTS), ard

A. Chetham-Strode, Jr., EW=25205, (1952), #1..80
(ph ors), #1.80 (mr ors).

Principle and Limitarions. Americium is determined in <he presence
of large amounts of plutanium by oxldizing the plutonimm quantitatively
"to the fluoride-soluble plutanyl state and subsequently precipitating
-amarictim trifluaride with cerium fluorids carrier. In samples of high
plutonium to americium ratios, significant amounts of the plutonyl iom
are carried with the americium by mechanimms of adsorpticn and ocelusion.
The cerium~emericium fluoride is therefore dissolved with zirconium eand
reprecipitated fram a salution of greatly reduced plutonium concentretion.

The entire procedure is carried out in the presence of a amall amount
of dichromate, wvhich serves as a holding oxidant for the plutonium.

Reducing agents in the sample imterfere vith the determination and
must be eliminated.

Procedure. Pipet an aliquot comtaining 1 x 1¢® total alpha d/m into
a 3 ml. centrifuge cone and dilute to 2 ml. with 2 M HNOg. Transfer the
cone to a water bath and hest for 15 min. at 85-95°C.

Add four drope (250 ul) of 0.1 M ceric sulfate in 1 M HgpSO, and
digest for 15 min. at 85-95°C. Remove the come and cool to room”
texperaturs.

Add 10 drops (500 pl) of 27 M EF which has been previcusly treated
with cr,o-,' and stored in a platizum container. Dlgest the precipitate
for 5 min. at roam temperature, cemirifuge, and discard the supernate.

To the precipitate add one arcp of 0.05 M Crz0; , 3 drops of 0.1 M
ZrO(NOs)z, and 2 ml. of 2 M H§Og. Stir until the precipitate dissolves.
Reprecipitate the fluorides by the addition of 10 drops of the dichrcmete-
treated HF. Digest 5 min. and centrifuge as befare.

Wash the precipitate three times with a 1 M HNOy - 1 M HF solution
previocusly treated with a few drops of dichromate. Slurry the precipitate
with a few drops of the wesh 1'quid and tramsfer to a platimm disc Zor
counting.
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PEOCELLEE 2

LICERTMATT PROCETIRE FOR AMERIZTOM

Szircz: J. Hibsrnsk &ud G. M. Martlack, CME-1, Los Aismos
Sclentifiz lebosetors; - - ST

*-is preeedure hes been used for samples which comtalned sufficlent
reducing agerte To locsrisre with tihe method voere cerlum is used both
gs “r=z ~x2éizing mgent and carTier.
- Trersles <ke sexple, not mo-e taen 200 mlersliters, Intc & 2 millle
d1iuts to 1 miiidlitsr with 2 M nitrie

\\N

iter cemrrifugs coae (Fyrex), snd

. Add twoc éroge of lanthenum carrier (lanthanunm nitrate aolutiun cone
taining 3 mlligrams of lsnthanum per millilitarj, end 1 drep of 1 M
potassium dlchromate. '

Z_ Stir wvell w!th viatinum wire stlrring rods, remcve the stirring rods,
then place the cent-ifuge cope in & bolling weter bath. Fkemove efter

28=2> r?nutes exd plece the cenmtrifugz cone In csld water to cool t5 room

To E=cos 22 20 M hydroflucrie ecld, s-ir well, mnd &llow to
stand “c- £ rcirates- (Th2 hydrcfliuoric acld should eontaln sufficlent
dlckromese to give s fednt yellow oslor, in crder tc counteract eny

redicing sgerzs in the bydroflucric acid.)

- Cectrifugs Zor 5 minutes, then remcve the supernstant.

™M \A

. Wash the precirirter=z with 1 millfiiter of 2 M nitric acld -« 1 M
hyirciiusric acid mixture contslrping & smell emount Si dlchromate.

Cant>lfuge S mitutes and clscard supernstent.

{8l

. hepeat Step G,
8. Slur=y <hs sSracipitats witkh 1 M nitric scid, trensfer quantitstively
To & cleen platlioum plate. Eveporate to drymess, then hest tc & dull

.
red. Coumc in & 2 T proportionsl alpha chanmber.
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" THE IETERMINATION OF Po{IV)AND Am{TTT) IN NTMRIC ACID SOCUTION
Source: T. Bruce, AECL-CEDC-805, (1658), #0.50 (AECL)

Limitations. The msthod is not suitabls for solutions having very
high Pu/Am ratios or vice versa. Uraniumg will not interfere btut s
corraction 1s necessary for the alpha activity of uraniim in the amaricimm
sources. Occasionsl checks, using solutions of known plutonium and
americium content, ars nscessary.

(a)  Zirconium sclutian: Dissolve 1.8 grams of sirponium axychloride in
.-500 ml. of 0.1 M HCl1. Cmmmumtthmiutos

- bottle. Thodmimmmumhabouhlndml

(b) Phanyl arscnic acid: Pram-.ut:ntaduolntian m.ommw
otﬁhcupamlh-hmrmmmloom;tmtm.
(c) Wash solution: "10 ml of saturated phemyl arsonic scid soluticn made
up to 100 xl with cne molar nitric acld solution.

Msthod.

Step I: Accurstely pipette an aliqict of solutlan, conteining sbout 105
counts of alpha activity, into a 2 ml cemtrifuge tube. Rinas the pipetts
twice with molar nitric acid solution. Add ons drop of sircanium carrier
solution snd dilute to ane ml with molar nitric acld sclution. Mix thor=
mmmmm-usmmlmanumm.m@. Lat
Mforabartﬁnmimutomnvmmcipdm:utouttla +hen place
thncmtrﬂ\mtuhinuboﬂingwbarhshhforﬂwmiuuteltomﬂ:te
the precipitate. Cool and centrifuge. for several mimrtes. Transfer the
mﬂnbtouEmlwhmrhﬂcﬂukmdvuhﬂnmeipitatemﬂth
10 drops of wesh solution. Centrifiuge end transfex the-wash to the 2 ml
- volumatric flask.

Btep II: Make the supermatant solution up to exactly 2 ml. Accwmtaly
pipette an aliquot of ths supernatant, contelning less thsn 300 pugms

of uraniwm, on a stalnless steel source tray. Rinsa thse pipetts twice
with diluts nitric acid solutian. Add sufficlent concemirsted samonim
hydraxids to neutralisze the nitric acid. Eveporats to dryness, then
dacampose the salts vith gentle hext. Ignite and count the source with
sn alpha counter.

Btep IIT. BSlurry the precipitate with a Zew d&rops of vater and tranafer
to a. stainless stéel source tray: Rinse the centrifuge tube and trazafer
Pipette several times with veter. Neutralise the nitric acid with ’

mmmadmimlwﬂ:uﬂde. Enpuru:ca'r.o drynass ':hm.hu:l-. genily
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PRICIDURE L (Comr'd)

TS Cecomsose The srmosium nftresre and =irconium chelste. Igonite and

with &n &lphosE COUNTET.. .

= opm per source of pupermatast.

A sup = sliguot =f supermatant im micrclitres,

Ag = gliguot cf origine® sslutlon in miercidtres,
T = micrograns of uraniunm per scurce mastiplied by .75,

[Sopepn et = com psr scurze ol precipltate.

Aterichim: ( sup - U) x Si= x Loes . cpm americium per ml of
A cup Ag

orliginal sclution.

1 aoe ;
rlutoedumm= Cpot x J—'%i = cpm plutonium per mi of criglmal sclution.

FROCEDUEE 5
CEEMICAL PROCECURES USED IN BOMBARDMENT WORK AT EERKELEY
Scurce: W. W. Mzinke, AECD-3084, Decl. 1952, FC.20 (0TS)

Element segarstei: Acericiin Procedure by: K. Street

Target meteriel: (WHq)zPuFg ~ 10 mg Time for sep'n: ~ 1.5 hr.

Type of Boft= 60" end 1Bh Equipmemt required: 50 ml besker,
15 gnd 5 mi centrifuge comes, 2 mm
Ty 5 cm catlon exchange resin columm

Yielé- Setter than 50%

Degrez ©f purificatlon: Ellminetes all cther activitles except Cm by

factos of ~ 17f. Decontamination fram Pu ~ 108,

Advartegss:. It works.

-&nd 0.5 & sat: BEgBlg.

(21 Wash intc 15 mo comz, add C.2 mg La  snd ppt with 15 M NE,OF.

{2) Ceat-ifuge, wash, end dissclve in 1C M ENOg+ C.03 M Fe ''. Add NeBiOg
and nesT at ~ 70° for 5 min. Dilute to 3 M in H' and add HgFO, to 1 M.
Ceatritugs snd -“rensfer supn: to clean cone.

(4) 7o suprt ald “preoxidized HF™ te 1 M, centrifuge and wesh ppt.

75} Sluwry ppt end transfer to 5 mi cone. Dissolve ppt (LaFs) in 1 drop
sat H333: aai 2 £rops come. HNOs. Add ~ 0.5 mg Be' holdbsck, ppt with
ecnc- NE,CF, exd wesh. .

R



" FROCEDURE 3 - (Comt 'd)

{&) Repest ateps (3), (_’4-), and (5), adding~ 0.5 mg Zr"  afrer dlasolvirg
pyt in HNO5 &t start of step (2).
(7) Dissolve in 2 dropa 0.5 M HC10, end transfer to 5 ml cone containing
25 A resin. Stir for 5 min, centrL“"uge-snd remove Suprt.
(8) Transfer both batches of resin to a 2 mm x 5 cm ion exchsnge =olum
that has besn washed with ~ 13.5 M HCl. Elute with 12.5 M HC1l at a flow
rate of ~ 1 ml/cm®/min. Am cames off et 3/% to 1 ml.
Remarks:

If target materisl has been heated excesslvely It may be necesssry
to fums with H-S804 in order to disaclve it.

Preoxldized HF is prepared by adding small smourr of Koo, to EF
until color persists.

CHEMICAL PROCEDURES USED I BCMBARDMENT WORE AT EERKELEY
Source: W. W. Meinke, ABCD-208L, Deel. 1951, $5_20 (OTS)

Element separsted: Curium Procedure by: K. Street
Target matarial: (NH;)zPuFe ~ 10 nmg Tizme for sep'n: 1.5 to 2L hr.
Type of bbdr: &0" and 184" Equipment required- 350 ml beaker,
15 end 5 mi czntrifuge cones,
2mm x 5 ca caticn exchsnge resin
colum + 1 mm X 13 ca cetion =xchaage
co_umn.
Yield:s Better than 5C%
Degree cf purdfication: Eliminstes el1 other activitles by & fsctsr 52
- 15°. (Am tc varylng degree)
Procedure:
{1) Screpe tsrget material into besker znd dissclve in 1 mi 16 M dNO,
and &.5 ml sst. d5B05.
(2) Wash iz=c 15 ml conme. sdd 0.2 mg L& snd ppt with 15 M NA TH.
%) Cent—ifuge. wesn, snd dlsaclve in 10 M HNO, «0.03 M Fe . Add
N&Bi0- ard heet &% ~ 70° for 5 min. Dilute 0 3 M.in H srd add HzP0,
to 1 M. Centriftige snd —rensfer surnt ts clesn oone.
(L) To suprt add "precxidized TF" to 1 M, centrifuze and wesh mpt.

5} -Slurry PPt acd Trensfer tos 5 ml come. Idsxsclve pot (LsFa) i3 1 drcn

-

- - - —— - - - - - . - a——
sar HgBl3 snd 2 drops conc. M4, Add ~ 0.5 mz 382 hoidback, ppt Witk

conc. NH S, and wash.
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PROCEDURE & (Comt’d )

erd (5], sdding ~G&5 mg Zr  efrer dlssclving

\n

M 2225, and trensfer te 5 ml come contelning
25 L resix. 5Tir Zor S mlrc; centrifuge end remove supnt. )

(B] Traasfe- Toth betches cf resintc e 2mm x 5 em ion exchenge column
<teT hes b2sn veshed vith ~ 12.5 M HC1. Elute witk 1%.5 M HCL &t =

flow zmeze =7 ~ 1 cc®'mln. Am coxes o27 aT =74 to 1 ml.

{9) Elusicz w2tk 13.5 M HETL brirgs Sff Am and Cm st sbout the sams tims,

hovever. An Ie gluted slightly shsed oFf Om end conseguently ons cen

{10) Tor furthss sepersticn of Cm from Am it is LECEaEATY TC TUn &O
of elutlcn varies
2

to &k hr for &

IT —s-g:st matsraal he: been heated excessively it may be necessary
=& fums wvith HoS0, In crdsr tc dlssclve it.
Precxidized HF 1s pretarsd by sdding small smount of KMnGg to HF

uatil cclor terslste-

PROCEDURE 7
SCPARATION JF Am FROM Cn EY SOLVENT EXTRACTION

Source: D. T. Peppsrd and G. W- Mason {to be publishedl,
Argonne Nationsl Leborstory, Lemomt, Illincis (1959)

Thilz methcod utillzes the extractapiliiiy of AmiVI) into & eolution
of HDEEP(DST 1 (dliz=athyl hexyl) orthosphosphoric scid) in tcluene in
the presesncs of <rivalent specles such as CmtIII). It is recamended
that thie procedure be reserved for mecro emcunts of amerlclum since
Am(VI) t-sczs 1s somstimes difficult to malnteln in en oxidized condition.
The distrIbusion coefficient, K, Zor AmVI] is ca. 1000. The efficiency
cf ths prccess is > 95% with re.:pect o reccvery of americlum.

1. The sample of Am - Cm is evaporsted to dryness in a steam bath,
then teken up in 5-10 ml of 0.1 M HNO5. The sclutlon is mede C.1 M with
respect to {FHg 2520s, end wermed to BO°C for 26-30 min., following
which it ie ccoled im an ice bath for 3-4 min., then lmmediately extraected

g3 Tollicwss

*Editcrs ' Note

(XLl

epsetlin with g-hydrocxy-iscbutyrste would slso be sdequste.



PROGEDUBE 7 . (Cont'd)

-2. The aquecus phase 1s coctacted twice for 3-5 min. intervsls vith
separate equal volumes of pre-amcldlzed 0.3 NDCOF in heptane. Pre-oxida--
tion of the solvent 1s accampliashed by agitstion with an equal volume off
0.1 M HiOg + 0.1 M (NH,)2850a for appracimately 30 min. just prior to
use,

3. The two organic fractlioms are eecparately scrubbed twice for
30 aec per comtect with O.1 M ENOz + 0.1 M (RH,)z520g. The volume of
gcrub should be 1-4 to 1-~3 the volume of organic.

L. The Am is then re-exiracted by comtacting the organic _ayer
with 6.0 M ENOs containing a trece of HgOga.

5. It is important to weah both the originsl aqueous (Cm soluticn)
end the f£innl re-extract (Am in 6.0 M HNOs) thoroughly with heprane
directly after the extrsction is campleted to completely remcve traces
of EIEHP.

PROCEDURE 8

THE OXTDATION OF AMERICIUM TO THE SEXAVALENT STATE
Source: M. Ward end G. A. Welch, J. Chem. Soc., 1954, %038

"In most of the axperiments the percentmge of aexavelent americium
was i’t-a.'licved by making use of the Tact thet, unlike trivalent americium,
2t 1s not copreciplitated on lanthanum fluoride. In a typlcel experiment
. in which 994 axddation was obtained, the americium solution (comtaining
2 x 105 ¢ &/m) was pipetted iato & 3-ml cemtrifuge tube, end made 0.3 M*
with respect to nitric acid, the final volume being 1 mi. One drop of
10% ellver nitrate* snd 8 drops of 5% ammonium persulfate solution weze
added end the mixture was heated in boli‘ng water for L min. - A furtre-
8 drops of 5% mmmonium persulfate were added and the tube heated for a
further 2 min. Lenthanum carrier {0.5 mg) vas =ddsd as ritraze sclutica
and the uroxidized americiunm coprecipitated on lanthamm fliuorids by *he
addition of ammonium fluoride soluticen. The emmonivm Zluorfde was
treated with argentic nitrate Just before use to prevant any reducticn
of the americium by impurities in the Zlucride. The lanthenum f-ucride
was centrifuged out, then wmshed tvice, and its americium conteaxt
. determined by alpba-counting.

" #Eaitqrs' Note:
We recammend 0.1 M ENOs for the oxidation end do not believe The

silver nitrste cafalyst Is nedessary in <bla oxidation. See Prceceirre 7.
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PROCEDURE 9- .

AMERICIUM - CURTUM FURITICATION

Sqarce: R. W. Hof®, E. K. Hulet,-and G. H. Coleman, .
i Ernest 0. Lmance Radliation Iahura.':.pry, Livermore,
Caiifornis (1959)

Tris procedure was developed to purify tracer quantities of isctopes
¢ americiur sad curium from s mixvure of fission protucts and lighter
actinides. Ko sttempt was msde to rroduce appreciable separaticns of
gmericium and cu~ium Zrom esch other. The lsctopes to be determined
were generally Am@4l, Ap@4SR ong (mP42. In the case of curium, purlity
requirements were such that a nearly massless sample be produced wilth
less than 105 B d/m from en originel sample of approximately 10*4 fissians..-
The determination of Am®+Z required additional decomterination fram
fission product beta activity. Bamples camtaeining 102 atoms of An=4Rm
isclated fram a 1.5~dey old fission mixture comtaining-10* fissiens, . .

 ghowed 16-hour beta decay over 2-3 half-lives. The chemical yield of
the procedure, exclusive of volatilization of the sample in the final
gtep, vas sppraximately 75 percent. The yleld of the voletilizatlon step
can be varded but wvas generally of the order of 50 percent. The separa-
tion time for two perscna to run twelve samplas is approximately eight
bours. i )
Btep 3: If the isotopes to be determined are Am4l, AmP4RL, ang CuP2, -
chemical yleld tracers of isotopicelly pure Am®4® and Cm®¢%* are added
in the proper amounts to the mknown eolution. Care should be taken that
the A®41/Am?4® and Cm@42/Cm®44* aipha activity ratios favor thes lower
energy elpha particle (heavier mass isotope) in each case to aid in
resclution of the alpha pulse enalysis dsta.
Step 2: If the unknown -solution (usually 25 ml. or less) is < 6 M ECl,
add an equsl volume 12 M HCl plus a few drops 16 M ENOs. Let stand for
10 mimrtes. Pour the solution on a 6 cm. x 6 ma. (Q@lam.) Dowex 1 X 10
lon exchenge= columm vhich has beex washed with 12 M HCl containing a few
drops of 16 M HNOg. Collect the eluate in a LO ml. cane and wesh colum
with 12 M HCl cortaining a few drops 16 M HNOa.
Step 3: To the eluate and wagh, add 1 1/2-2 drops La(NOg)s carrier solu-
tian (10 mge. Ia”>/ml.) plus 0.5 ml. Zr'* carrier solution (10 mg./ml.).
Cocl in an ice bath end precipitete a hydraxide with NE,OH. Digest,
centr:Lﬁage and wash precipitate with-dilute NH,OH, then HgpQ.
Step L: Dissolve the hydroclde with 2-3 ml. 6 M HCl, transfer to & 20 ml.
lusterold ccpe, a.nﬂ dilwte to 10 ml. volume with EEQ.- -AM. eXCess CONCs.




PBOCEDUEE 9 (Cont'd)
HF, digest with stirring at 90° C. to precipitate LaFg. Centrifuge and
wash precipitate with 2 M HCl-2 M HF.
Step 9: Dissolve precipitate in 3 ml. satureted HgBOg~-6 M HCY mixture.
Transfer to a 12 ml. glass centrifuge cone. Precipitate La(CH)as with
RH,CH, digest, centrifuge, and wash preclpitate twice with H0.
Step 6: Dissclve the precipitate with HCl gas and saturete the solution.
Load the solutian (~3 drops) on a 5 cm. x 3 me. (diam.) Dowex 50 X 12
colloldal form ion exchangs column wvhich has been washed with 13 M HCL
solution. Allow tane loading solution to pess Into the resin. Elute tte
column with a further volume of 13 M HC1 et a rate of 1.5 min./drop (air
pressure is generally required to reach this flow rate), collecting three
drops per culture tube. Cambine tubes 4, 5, and 6 into a 12 zl. come.
Evaporate to dryness.
Step T7: Repeat the column elution by adding 3 drops 13 M HC1l to the &y
material in the cone and locading this solution anto ancgther Dowex 50
colurn as per step 6.
Step 8: Upon evaporating the cambined tubes L, 5, and 6 to a amall volume
after the second solumn elutlion, transfer and evaporate the solution on
a tungsten filament. The counting sample is produced by volatilizing the
material in a vacuum onto a one-inch dlamster platimum plate.
NOTES:
1. The volatilization is necessary to obtain good resolution in the
alpha particle pulse analysis and 13 also an ald in obtaining reproducible
results in the beta counting.
2. Bame interference in the beta counting of Am2*=D wi'] be encountared
f-cm the growth of the Ep®®? dmughter of the alpha decay of An>*3. One
can readily correct for this growth of Kp22® activity, eubsequent to its
removal during the chemical procedure.
3. Although americium=-curium separastions found using this procedcre are
slight, appreciable separeticns can occaalonally occur in the 13 M 3C1
Dowvex 50 column step. Thus, tracers for both elements must be added if
one 1s to determine chemical ylelds of esach element accurately.
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PROCEIGHE 10
SEPARATION OF Am AND Cm FROM 1_*15’31011 PRODUCTS

Source: . T. Carnall, Argom:e National laboretory, Lemomt,
IJJ_'Lno* ( 1959) . '

Tais report sumnarizes procedures used at ANL to se]n.n:i:e Am and..(h
Tram highly neutron-irradiated Al-Pu alloys. .
Following &issolutions of the elloy in stromgly basic aolut:‘l.an, the .
slurry 1s cenirifuged to separste the bulk of Al, as scluble RaAlOs,
ﬁ'an the solid residue containing the heavy elements. This residus is.
then &issolved in concantrated HCL and eluted through an anion exchange
resin vhich retains Pu and same transition element fission products, but
passes the hea.vier actinides end a large fraction of the fission products.- .
The eluate from the anion column 18 evaporated to dryness, ‘taken
up :Ln dilute aci d and pused th:oug‘n a caticn axc.hanae :res:Ln. Undex
these conditioms the heavy elements are retained on the colm, along )
with various fission product nuclides. On elution with eane. HC1, 'hhree
bands of activity are developed; the first erd third in order c':f'eluticn.
are cheracterized by B-7 active fission products. _Thq“cenfb_&,'a-pe_ak
. containe the heavy element fraction. '
' The hea.vy elements can subsequently be resolved eithgr 'by :‘Lon o
exe.ha.ngs or solvent extraction techniques. In both-cases the Am and. Cm
are elther geparated in a canbined fraction or as highly croes con‘bm.:l.na.ted
individual fracticns; however a high dagree of resoluticn rrm othar
actinides is obtained.
Fizel separstion of Am and Cm is accomplished by cne of the two.
following procedures. Both reguire prior oxldation (see Procedure 7)
cf Am(IIT) to Am(VI) in the presence of Cm(III); in cme case the Am(VI).
1s solvent exiracted awvey from the Cm, in the other case fluoride is .
. added to the system resulting in the selective pptn of Ca(ITT).
With the solvent extraction procedure 1t is possible to o'hﬁ.tn Am
* of high puriiy from a mixture of Am and Cm; hmverthiltechniqunvm
not. strip the last traces of Am fram-an lmpure Cm fraction. The fluoride
- cycle 1s epplicable to the preparaticn of pure fracticns of both Am and -
Since the aamples of Am and Cm encountered at ANL are principally
.t\m’*“i(ti 7951 y) end m“‘(ti = 17.6 y), assay is normelly mads by
a-counting based on a-pulse analysis. However for amall amounts of Am?43
. in's Cu** eample; e more precise’snalysis can be cbtained by solution -

W R




e 7. . PROCEDURE 10:{Cemt'd) .

absorption spectra. This 1s becaus= the anargica of the a—particlas
emitted by An2*® are significantly less then those from Ca@**. Thus upown
@-pulse analysis, a smsll percentage of the g-particles from Am'“"

lost in the Ca®** tail. Coupled with this; Am(ITT) haa a particularly
gtrong absorption hand at 502.3 mu which does not conflict with any of the
Cm bands. Thus cne should be able to detect 6.43 x 10 mg An™S/ul or
2.76 x 10° 4/m/ml by spectral meene.

PROCEDURE 11

SEPARATION OF ISOTCPES INCLUDING AMERICIUM AND CURTUM FROM
“iewi... . A KEUTRON IRRADIATED PLUTONTUM-ALUMINUM ALLOY

Source: M. Jomes, R. P. Schumar, J- P. Butler, G. Cowper,
T. A. Bastwood and H. G. Jackson, Phys. Rev., 102,
203 (1956).

See Almo: W. M. Mannin M. H. Studier, H. Diamond end
P. R. Flelds, 'U8 Patent 2 859,095 (1958).

- ~.J. B. Butler, T. A. Eastwood; H. G. Jackson,
'TLCoJ_‘IJ:naMEJanes,F M. Rourke
R. P. Scmman(canpileabyn P. s:mmf
' KAPL-1781, (1957), $1.00 (oTs).

Essentially similar procedures for separating heavy elements fram
a neutran irradiasted plutonium-eluminum alloy were used by Argonre
Natiocusl Laboratory,, ,Lewrence Radiation Laborstory (formerly University
of California Radiation Leboratory); Atomic Energy of Cenads, Limited,
ard Knclls Atcmic Power Laboratory. The scheme is outlined below:

(a) The alumirum clsdding (~ 25 g) wes dissolved in 175 ml of 5 M
NeCH, .3.5 M RaNOg solution in a stainless steel vessel fitted with a
stainless steel reflux condemser. Towarda the end of the reaction the
mixture was boiled to snsure complete solution. The soluticon was
certrifuged ard the insoluble residue washed with KDE solution.

(b) The irsoluble residue was dissolved in 13 M HC1-0.3 M HNOs.
The lanthanide and actinide elements were then precipltated firat as
fluorides and, efter dissolution in HgBOa-HNOg mixture, finally as
]:yd:r:ox:ldes. The hydroxides were diasolved in 9.5 M EC1l=0-1 M HNOg_

(¢) - The plutorium wes. removed by rtaseing the acid solution through
anian-eze.ha:lse resin colmmbowex 1,8 cross-link.ed. "100-20C mesh
wa.uused.ina.colmoSanzinmand5mlmg,theﬂwn-cem

s

lmpermin h i S .
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PROCEDURE 21 (Cont'd)

"(d) The tvensplutonivm elements nnupmm ﬁ_ﬁluion-pmht:t
" lanthan’de alements by cation exchatge using Dowex 50 12% cross-linked
(0.82 ex® by 20 em long). The pa:.'_t_:‘l:cl'e size was selected by grading the -
hydrogen Zorn of the resin in an up-flow of weter and the fisctiom
with a setiling rate between 0.75 an® 1.2 cm per min wvas used. The
elution was then donme with conc. HCl st a flow rate of 0.3 cm/min.

-(e) Individuel actinide elements were separsted fram each other

Ty eatlion exchangem The trans-curium lsctopes were separated fram the

"" bulk -of <he curiun on a Dowex 50 cclumn 0.78 cm® in area, 8.0 cm long

a* 87°C using smuonium lactste (O.b M, H = L.58)&s the elusnt. The

) final separation of trans~curium a.::'l:inid.as was dome in.a column cf area
0.031 ex2, 5 cm lang using white Dowex 50, 12§ cross-linked, settling

in wvater at a rate of 0.30-0.60 cn/min, with smonium lactate (0.k N,

pH = i.29) as eluant. To obtain purs samples of einsteinium and fermium,
one o- more of steps (b) to (e) were repeated uhen necessary.

FROCEIURE 12

PROCEDURE FOR THE.-SEPARATION OF TRACER AMOUNTS OF TRANSFLUTONIUM
ELEMENTS FROM FISSION PRODUCIS

B8curce: D. C. Hoffman, J. W. Barnes, H. L. Smith, W. R. Daniels, .
J=11, Los Alamos Sclentific Laboratory -

The follow:.ng procedure was devised to separate the transplutonium
elements “ram dsy-old fissicn product samples comteining 10*5 to 106
fissicns. These elements are carried with yttrium or lenthanm fluoride
and hydroxide precipltates vhich are subsequently dissolved and the HC1
~ solutlons paseed through seversl anion resin columms to remove U, Fp, Pu,
and most of the remaiiing fissian products (in particular,-Zr and Te).

- 'An ethanol-ECL elution from a caticn resin colmmis used to remove the
lenthanides. Flnel separetion of the indlviduasl transplutonics is accam-
plished by eluticn from a cation resin colum with ameonium a-hydroxy-
- iscbutyrate 14
: Reagents

Y carrier: 10 mg Y/ml [sdded as Y(NOg)s'6 Hz0 in Hz0]
La carrier: 5 mg Le/mi [edded as La(NOs)s"6 H30 in HZO]
"Zr earrier: 10 mg Zr/ml [added ss ZrO(NOa)z in 1 M HNOs]
Te carrier: 10 mg Te/ml [added es NagleOs in 1 M EC1]
¥Editors' Note: .

Ammoniun a~hydroxy-iscbutyrate i now used.

hb' e Te e



_ PROCEDURE 12 (Cont'd)

Sr carrier: 10 mg Sr/ml [edded as Sr(NOs)z°l Hg0 in HZD]
RH,OH: canmc
HCl: 0.1 M, 0.5 M, 3 M, conc
10 M solution I: 0.1l ml conc HNOs per 15 ml 10 N HC1
HF: conc
HF=HNOs: 8qual volumes of 2 M solutions
HP-HCl: solution 0.006 M in HF end 0.1 M in HC1
HNO,: conc
HaBOg: saturated solutlion
Phenolphthalein indicator solution
Ethanol-HCl elutrlant: 20% ethanol - 80% conc HCl ‘by volime) saturated

© - with HCl gas at roam temperature. (If-a cold solution is passed

through a —eain column, bubbles will form, disturbing the resin bed.)
This solution should be prepared Just prior to use.

Ammanium g=hydroxy-lsobutyrate elutriant:

The stock solution of a-hydroxy-lsobutyric acld is prepared

(usually 0.5 or 1 M), end kept refrigerated o inhibit possible mold
formation. The campound may be obtained fram Falrmount Chemical
Campany, Newark, New Jersey. Fram the stock solution, amall quan-
titles are withdrawn and partially neutralized with ameonium hydroxide
to obialn elutriant of the desired pH. Tha pH of the elutriant
ghould be chosen so as to elute the activities in a ccnvenlent volume,
considering the column voiume and the speed with which the separaticn
.mst be made. If 0.5 M lsobutyrate is used, the peak vosition in
FCV (free column volume units) may be estimated directly frcm Table I
and Fig. 1. If stronger or weaker aclid 13 used, the pH corr=spcnding
to a glven anian activity (as shown in Fig. 2) must be calculated,
using <he relationshlp

JENWT) 10T
R T gg,) - (A0
K, [0gg,) - (a7)]

(a7)

10 |

vhere K, ¥ 107%-9

(¥g,) = molarity of q-hydroxy-isobutyric acid
(A7) = anion activity (iscbutyrate) read *ram Pig. 2

b1



PROCFDIRE 1= (Comz 4)

- - : I - - -
Aricn excoengs rezin: Bic-Rad AS 1-X1G. 100-200 meskh for lsrge eolunme
gni 2C0-L00 mesh for <he amell coixm. The resin 1s gtored &5 &

1= zoepa-ed by wsshing In successica with Hz0, FE,OH, Kol end thres
2Cl. For the sthensl-HCTL columme, the resin 1s
stored as axn HILl slurry. ror the elurry in HoO, the resin should
be wesmet sn siditionsl threz timss with HZ0.
Lowax 50 catlon resin is uzed for the butyrste column, “ram
2-54 D2 (% dlvinylbenzeme vhich iz proporticnsl to cross-linkage),
depeniing on Indlvidus® prefzrance snd what 18 svallable. Tims
required for etzalmment of equilibrium and volume required for
elutlcn Increase with percentase IVB of the resin. The data in the
scoompenying g-ephs were taken with L% rezin. The resin should be
very Zine, LOT mesh or finer; or 1f wet-greded, tiat fractiomn vwhich
gestles &t & rste of 0O.1-0.5 am min. I1f the recin has not been
specizlly tresw=d by thes suprller, it should b= wemshed thoroughly
itk £ M emmondum thiscyenets, € M smmeniun bydiroxids, water, end
trércchic-2c geld, then storad as the ammonium form in weter. (If
a5 resin cen be found thetr achileves & zood separstion at roam
Temperstu—s, 12% VB Dowex 5C may ususlly be used successfully withn
& colurs heated to B0-00° C.J
Ion exca=nge cclumms: The columm tirp 1s plugged wilth gless wool Or sand.
A ElurTy c® resio :Ls- introduced and ellowved to sattle, and the
superaete discarded. The rasiz 1s weshed by pessing seversl ml of
e€lutrisns th-ough the cclumz. {Just pricr to use, the butyrate
cclmam 1e zlur—ied wizh the elutrien: end sllowed to sevile agsin.)
A u==icrmly deposited bed of resin, free fram eir bubbles or -
cthemasls, i3 sszentlsl 5 = successful elution. The free colum
volune is gpproximately egquel to helf the apparent volume of the
r==in bed.
Egquiyment
Centrifuge
Elcck for holding centrifuze tubes

Fisher burner

® Speclslly vur:flei and greded reswne mey be cbtained fram Blo-Red
ghcretories, 32nd and Griffin Avenue, Blckmond, Cellfcrmis. For
sams= resson_. resine very from Tatch to batch in thelr eblilty to
= veriocus zeparaticns, sc 1t 1s recommended that several
cf recein be tried baicre dlscarding the method.

L2



FEOCEDURE 12 -(Conz 'd)
Glass stirrdng rods
Pt wire stirring rods
Transfer pipettes and syringss
Vacuum trap for withdrewing supernates (opticnal)
LO-ml conical centrifuge tubes o
3-ml conical centrifuge tubes
15=m1 polyethylens test tubes
Ion exchange columms (fabricsted by fusing a length of glass ttbing
t0 & centrifuge cone and drawing cut the tip;
6=can x 2-mm I.D. glass columms
lhi=cm x 2-pm I.D. glass columms
.12~cm x 8-ym X.D. gless colums
Procedure
Step 1. To an aliquot of the sanple in a 40-ml cemsrifuge tube, add 2
" drops each of Zr, Te and Sr carriers and 1 drop of Y carrier. Using
rhenclphthalein indicator, add NH(OH to prscipitate the Y(OH)s. Centri2uge,
discard the supernate, and wash the precipitate twice with 0.5-1.0 ml HQ.
Btep 2. Dissolve ths precipitate in a miniwm amcunt of 3 ¥ HC1 and
transfer to a polyethylene test tube. Add 2 drops conc HF per ml of
solution. (If the solution contains a large amount of Fe or U add HF
<o decolorize the soluticn, then 2 drops per ml in addition.) Let the
solution stend for five minutes, centrifuge, discard the supernate, and
wash the precipitate with 0.5 ml of the 2 M HF-2 M HEOgq solution.
Step 3. Disaclve the fluoride precipitate by adding 1 drop satu=ated
H3904, stirring, and then add 2 ml conc ECl. Tramnsler the solutiar to
a LO-ml glass centrifuge tube. Add 2 drops S> carrier and then boil
-the solttiom briefly. Precipitate the Y(OH)s with KE,CH, centrifuge,
discard the supernate, and wash the precipitste twilce with 0.5-1.0 o_
Eg0.
Step L. Dissolve the preclpitaete in I ml 10 M ECl. Add 2 drop caze EKO;.
Transfer the solutlon to a 5-cm x 2-mm AG 1 arion resin colimn which hae
been wvashed with severzl columm volumes of 10 M solution I. Push through -
wvith pressure. After adding 1 drop each of Zr and Te ce-rlers, pass tkte
soluticn through two additiona: ~0-cm x 8-mm anion colummis waich have
- algo been treated with 10 M soclution I. Wash the centrifuge. tube and
then all three columms in succesaion with two 3-ml porticns of 10 M
“solution-I. (The small column contains the Pu, which can be decerms=ec
- by.the procedure described in LA-172L.)%

* Collected Radjochemicel Procedures, (Rediochemistzy Group 5-1-), .
Kleinberg, Ed., LA-:721, znd Ed. (195§), $4.§0 (OTS).
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, " - PROCEDUEE 12 (Cont'd.) .

ep 5. Add NELOF to the ecmbined 10 M sclutian I .fracticns 1o precipitl‘te
Y(OH)S. Centrifuge, disca:.-d. the supema.te, and. 'wuqh the m'ed.:pita,te twipe
... With 0.5 @l Ez0. -'_ . : = o :
S"'en 6. 'L‘isaolve the. precipi‘.:a:be :Ln a mini.'nm ammmt of O l M‘HCl md
. pass the solx...im +hrough & l-cm X 2-mm .AG 50 ut:‘l.an res:Ln eolumn vhd.c.‘n
" haa been vpreviously weshed with several columm volumes of 0.1 ¥ HCl.
. Wask the colwm with 1 ml of 0 lMEC"_,.‘.:hen2'ml of the O OOGME-OIM
" ECLl’ solu‘-ian, ead finelly 1 m1 O. 5°'M HC .
Step 7. Usirg a ‘ransfer pipet and a mirimum of nzo, transfer the ca.t:!.an
resin“mthe l-c.m columm to the top of aﬁ-mxa-mm\auso repin _
columm vhic.h l:a.s been Previocusly washed with several column volmes of the
| ethanol-ECL elutrient. After the resin has settled, withdraw the excess
Fz0 end wash out the colurm a.bcnre the resin with e mﬂl por‘bian of
etherol-ACL. Elute the activity with the 20% ethanol-HCl solwtion uaina
su.fficien" pressure to glve apprmd.ms:be.ly 1 drop every 45 ‘seccnds.
" Collect the desiredfractian¥ in s LO-ml-centrifuge tube:. -(Bee Fig.. 3) "
Step 8. Place the tube containing the semple in an oll or stesm bath.
end everorete to spproximately 0.5 ml, using & stream of air over the §
soiution if. ra:nid. eva.pora.tian is desired. 'Add & drop of. lnnthnmm nitra.te o
-solution (5 mg La/ml), end trensfer the sample to.a 3-ml eentriruge cone.,

e“mlsolutimshculdcansistoflﬁnlota-Jl-MHCl _

Step 9. Precipitete La(0E)s with gasecus nnmnia or au'hma:l'.e-free )
amonium hydroxide. Centrifuge, discard su;pu'na.te , and wash the ];mipita.te
" Witk 0.5 ml of weter.

Step 10. Dissolve the precipita.te in 8 few. d:.'opu of 01 M Et.‘.l and
equllibrate this splutian with a quantity of resin vhich is emall vith

. respect to the glze of the colutm. For example, if a l‘j-m colm is
being used, 2-4 mm oF-the res:l.nmybeui’thdra‘ﬂn with-0. ll(EClnnd.used
"for the egquillbration. Transfer the slurry carefully 4o the column

T rese"-voj_ and allow to settle. Withdraw the s‘u;pemtant 1.1.qu.1.d and dilcard

Btg . Introdnce earem.].'l.y aevenl ml of the glutriant, 80 as not to -

- Gisturb hea.ctd.vebanﬂ.a.tthztopcfthecolm A;_uplys.'u.ghtair

: pressure, 1f necessary, to produce a ﬂow rate of a drop every 1-3 mirrtes.
(Pressure may be applied with a 10-ml sy:d.nse fitted vith s rubber stopper,

. ® The egmall catlon colwmm was used as ‘an’ alternative to equilibrating
- . end vashing the resin in e test tube and then “tranaferring the resin
to the top of‘the column. Tt seemed t0 be more rapid, glve better
decontaminatian and neceuita'be less diract hsnﬂ:l.'lns qf'the mther "hot"
-aolublon. oo emveteaa . . _
¥ Essentially no sepu-anqn of Am and cm vas o'hservad. in ‘t.heue ethancl-
7+ HCL e...utims v K ’




PROCEDURE 12 (Cont'd)

or, more canvenlently, fram a.fpressu:re reduction valve attached to a source
of ccmpressed air.)

Step 12. Collect the effluant dropwise on platinum plates or in l-ml
beakers. Assay all frections and combine the drops which comprise a

peak. If additiopal chemistry is necessary, the butyrate may be destroyed
by evaporating the solution to dryness, then destroying residual organic
matter with nitric and perchlaoric acids.

TANE I
Separstion Factors with Ammonlium g-hydroxy-isobutyrate
(cm = 1.0)

Element Relative Peek Posi:zIon
Bs 0.13
cL 0.19
Bk 0.37
Cm 1.00
Am 1.39
Lu 0.011
Yb 0.016
Tm 0.022
Er -
Ho 0.039
Y ) 0.069
Dy 0.076
Tb 0.1k
Gd 0.22
Eu 0.34
Sm 0.7
Pm 1.1
.1 2.3
Ce D
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PEAK POSITION (IN FREE COLUMN VOLUME UNITS)

" +:-PROCEDURE 12 (Cont'd)
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RELATIVE ACTIVITY

—==Yb ELUTION POSITION SHOWN TO INDICATE RELATIVE POSITIONS
OF HEAVY LANTHANIDES (NOT PRESENT IN NORMAL FISSION
PRODUCT SOLUTION)

———Rh WILL APPEAR IN THIS POSITION AS CONTAMINANT IF NOT
COMPLETELY REMOVED EARLIER

] l e o

"(P,3530) ST BHKIEDOSS

) FREE COLUMN VOLUMES
Fig. 3 20§ Ethanol-Saturated HC1 Elutions fram AG 50-X4k Catitm Resin




PROCETURE 13
SEPARATION OF AMERICIUM AND FROMETHTUM
' Source: R. 8. Pressly, ORRL-2202, TID-4500, (1957), #1.80

- (ph -ors), $1.80 (mr oTg).
See Also: S. G. Thampson, L. 0. Morgan, R. A. James, and.
I. Perlmen, "The Transuranium Blements," NNES IV-1L4B,
McGraw-Hill Book Campa.uy Inc., New York, N. Y.,
1949, pp 1339-1361.

A method for the_ separation of prcxneth:hm from amgricium has been
developed. .Amer.‘l.c:‘l.\m remains soluble while pramethium fluoride is
selectlively precipita.ted from a solution of 3 M hydrofluosilic acld upon
heating.

-1. To approximately 100 ml of 8.0 M ENO3 solution of Pm“” (~0.5
curies/ml) HES:LFG solution is added until the mixture :‘Ls 3 0 to 3.3 M
H-SiFq.

‘2. The solution is heated slowly to bo:‘l.ling and boiled slcwly for
approximately 20 min. The H_-,S:LFG decamposes to give hydrofluoric acid
and silicon fluoride. Both are volatile and the excess of eaca 1s removed.
_ Americium is more strongly complexed by S:LF‘B then is Pmi47. The P47

:.preci‘pitates as PmFa._ . : : o L

3. The granuler precip:‘l.te:te settles ‘rapidly a.nd. the slrpemata.nt
_":‘Lq_u:‘l.d. is centrd_f‘uged. to . remove the precipitate. The prec:‘l.p:‘l.ta:l:e is
washed with 50 ml of HzO a.nd. the water rinse is added to the sqaema.tant
liguid. . :

k. Pifty milliliters of saturated boric acid solutian is added to
the eentrd_fuge tube to slu.n'j" oﬁ:t the precipitate into the beakers cor-
taining the bulk of the precipitate. The slurry is agitated and heated
.to approximately go°c. o

5.. Fifty milliliters of 16 M ENOa 1s added, and the precipitate is
heated to bolling; the precipltate 1s dissolved and a small amount of’

810, is precipitated. : '

6. Tne 810 is cemtrifuged out and the solution 1is saved. The
volume is Teduced to ~ 200 ml by boiling. The solution *s now 8.0 M
HNO; and O.44 M HaBO5. .

T. Steps 1 through 6 are considered e cycle. This procedure is
repeated through a.pproximately elght cycles to decontaminate to the desired
fa.ctor of ~ 200 a.lpha. counts 'DL millicurie.

) 8 Tc precipitate PmFa and AmFa, HF is added to the HgSiFg

- supernatant until the’ solution is'3.0 M. After three cycles approximetely
' 15% of the americlum is left with the Pmt47 product ard 85% of the
americium is in the HoSiFs supernstent waste.



PROCEDUEE 1

ELECTRODEPOSITING AMERICIUM

te) Scu-ce: Roy Ec, Muclesnics, ik, b {1956)
Aszemble elec=rslysle cell using =Z-mm diameter stalniess steel,

pletinum. or coppe- disk cathode.

Add L rT of socluticnm of ©.20 M BUOOH, 0-15 M ECOONH, -

Acé am=rlcium sslutlon not exceeding LOC ricrcliters.

Place pletinum encde stirre> 1T mm ebove catheds snd rotate at
epproximstely 200 rmm.

Electrolyze s- 8C-100 ma for 1-2 hr.

At end of elsctrciysles, siphon out scluticn wilth curremt on. Rinse
with dllute FH,OFE exd theo with scetone. ’

Dissassemblz cell and ignite disk to rednesa over bunsen fiame.

(6] Source: li. Yskovlev, F. M. Chulkov, V. B. Dedov,
. Ecsyskov, ena Y- P. Sobolev, J. Nuc. Energy,
(

1357) .

"l
N

l\ﬂ
]
H
il e
T4

The electrolysis of nmeutral solutlons of PuClls, AmCls and CmClg
fram 53% etnyl s_cochol, 45% acetcme, 5% weter was successful at a current
denzity o G.2 ma/cm®.

(c) Source: H. Diamond, R. Barmes and P. Fields, private
commiricstion, reported in ANL 505s (1953), $€.30
{pn OT8), #3.0C (mf OTs).

The smericium wes electrodeposited on & tanteium cathods from

0.z M ExC0g sclution.

(&) Scu=ce: W. G. Gmith end J: M. Hollander, Phys. Rev., 101,
766 (1956)
V. G. Swith, W. M. Glbson and J. M. Hollander, Fnye.
Rev., 105, 1514 {1957)

Tke hydrochlicric scid solution wes evaporatzd to dryness and the
smericiun ectivity éissclved in G.5 ml of NHASO, (pH = 3.6) plating
eclution, f-om vhich the activity was electropleted upon s 10-mil
pletinum wire.

Similzr experiments mre described in:

AEC-TR-3L97, G. I. Khlebnikov end E. P. Dergunov,
Atcammeye Prerg., L, 376 {(1958).

V. B. Dedov and V. N. Kosyakov, Proc. Int™l. Conf.
Pesceful Usee of Atamlc Erergy, 7, 369 (195€).
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PROCEDURE 15

THE DETERMINATION JF AMERIUTUM 1T URTINE

Scurce:s M. F- Milligar, E. E. Campbsli, B. <.
Jean McClelland, end 4. D. Moss. LASL
Edition); p 28, (1958), #..0G (0TS).

Abstract

The methcd 13 basaed on the coprecipltaticn of americium with bis-
mith pocephate fram & niris scld =olutlon of urins Balts &T 5 3 of 1-T.
The blamuth phosphate 1s dissclvsd in &F ACL snd The emsrisium coprsec
itatad s seccod time with lanthenum flucrlde. The preclpltate 1s slu~ri=d

soto a 3tainleszs steel piats and ocunted with a low-tacksrsund provor=icnsl

alphs counter. Thordium, plutcniwn. curium  asctinium, acd oeprundumn ex=

)

carried through thls detsrminsticn. Quentities oFf the crier 22 9.5 i3
of americlum can be datected by tals method.

Resgants

Conecentrated Nitric Acid - Hids T70%, sp. gr. l.ha.

n-dctyl Alcchol {primary] - CHglCH2]laCHZ0H, Trectical.

Boiling Chips - Carborundam, 20 mesh.
Satursted Sulfur Dlox’de Watsr - Bubble sulfur dicxids (X0z

~—

ZES,

technical, gently thrcugh 500 ml of distilled watzr for = hours.

Bismuth Nitrate Sclutlcn - Daasclve 231.2 £ o2 bismuth nltratrs

"

-

[B1(ND3)3°5Hz0 - AR] in 680 ml ef conec- nirric scid and &ilute t©s 1 lias
with diatilled warer- The sclution contsins 0.1 g Bi/ml.

Coresntreted Phosthoric Acld - HoPO, !crthophosphoric soid! BSw, sp.

gr- 1.71.

Scddvm Hydeoxide Sclutise - 50 g of scdlum hydroxide '5adH - A3

S<
pelliets) dissolved in 50 ml of dis=tilled watzr.

13 Hit=ic Acid - Add &k ml of come. oitrdc acid to approximesely

500 ml of distllled wstsr iz s 1 1iter volwmstxles Plask. Mix, c=ool,
end make up to 1 liter with dizrilled wsrer.
Concertrsted Hydrschlorde Acid - HCL 385, ep. Zr. 1.15.

Lanthanum ditrstz Solartizo
Purifleoaticn of Zaothanum liltrste
- Resgent3

Ten-hsnum Nitrzte - La{F05)5+%E20 - AR.

Armeopium Hydrcxide - NH.OH 20%, sp. agr. 0.90.

Concentrated Hitric Acié - HNO; TO%, %o zr. L.hz.

Barfum Jitrste - Ba(llCzls - AR

Sodium Sulfate Sciutlon - Flecs 5 g oF sodlm sufats 1N=530 -

31



mocxm 15 {Cecnt' d)

_AR) in a 100 ml volumetric flesk, dinolve in Glstilled m, nd aflvbe
- to0 100 ml with distilled vater. )

Potessium Permangsnats - KinO¢ - AR. .

i 20% Sodium Hydroxide Solution - PhcekOgotnodmw
(Nam AR, pellets) in epproximately 100 ml of dietilled water and
dissolve. Mix, ccol, and make up the volume to 200 ml.

Methy' O-ange Irdicator - Dissolve 0.1 g of methyl ;::n.nge ,
(orsnge III, tropeclin D, sodiumm p=-dimethylaminoazobenzene sulfonate) in
100 ml o Alstilled water. PH renge: red, 3.1 - orange yellow, k.lL.

Amonium Ritrete - NENOs - AR. ’

TTA Solutlian - Dissolve 50 g of 2-fbhgnoyltr1ﬂunmeetm
[CaHs02SFs, “ITA", L, 4, h=triflucro-l-(2-thienyl)-l, 3-butanedione] in
toluene (CHsCeHw - Teagent grade) in a 1 liter volumetric flask and make
up to volume with toluene. Store in a brown glass bottle in the dark.

1. Dissolve 5 g of lanthsnum nitrate in 200 ml of distilléd water in &
L0OO ml beaker.
2. Add 50 ml of ammonium hydraxide to the beaker end stir.
3. Transfer the solutian to four 90 ml centrifuge tubes. Rinse the
besker with distilled water and aid the washings to the tubes to give
equal volumes. Cemtrifuge at 2000 rpm for'5 mimrtes. Discasd the
supernetant fluld.
L. A4a conc. nitric acid, with stirring, to Tube 1 until the precipitate
1a° just Qissolved. Transfer the clear solution to Tube 2. Rinse Tube 1
with 2 to 3 ml of conc. nitric ecld end add to Tube 2. Stir ami add conc.
nitric ecid, with a medicine dropper, if necessary, until the precipitate
1s jus: dlssolved. Transfer the golution to Tubes 3 and 4 in the same
manner. Trensfer the combined solutioms in Tube L4 to two clean 90 ml
cemtrifuge tubes. Divide the soluticn to give equal volumes. Rinse
Tube 4 with conc. nitric acld and sda the washings to the two tubes of
solution. .. . B
5. Add distilled weter to each tube to give a volume of LO ml in each.
Add ammonium hydrcxide to each tube until a precipitate just forms.
6. Add LO mg of barium nitrmte and 1 ml of sodlum sulfute soluticn o
each tube, mix, end let stand for 30 mimuhes.
- . J. Centrifuge at 2000 rpm for 5 mimrtes. Pour the memn:bmt solutian
into two clean 90 mi cemtrifuge tubes.
8. A24 10 ml of distilled water o eech-tube, sheke to wash the precip~
. 1itate, mdcentrimgeagainstm;pnforsmmu. Add the wvashings
to the two tphes of supernstant solution. Dlscard the-resim
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9. Add 25 ml of ammonium hydroxide to each tube. Mix, centrifuge at
2000 rp for 5 minutes, and discard the supernatant solution.
10. Dissolve each precipitate in 5 ml of canc. nitric acid and heat to
boiling.
11. Add 20 ng of potassium permanganate to each tube.
12. Neutralize the solutions with 20% sodium hydraxids to a TE of 8
using Hydrion paper for the indicator.
13. Place the tubes in a water bath or sand bath at 60° to 90°C for
1 hour. (A drying oven may be used for this.)
14. AAd enough cone. nitric acid to give a pH of 6 to 7 with Eydrion
paper. Cool the tubes with tep wvater and cemtrifuge at 2000 rpm for 5
-minutes. Pour off the supermatant sclution into cne clean G0 ml cemtrifuge
tube. Discard the dark precipitate.
15. Dilute the cambined soluticns to 50 ml with distilled water and add
30 ml of ammonium hydroxide. Centrifuge at 2000 rpm for 5 minutes.
Discard the supernatant soclution. The preclpitate should be nearly white
at this step. If the precivitaste 1s a derk brown, dissolve in cecme.
nitric acid, heat to boiling, and centrifuge at 2000 rpm for 5 minutes.
Discard any precipltate that remains end proceed with Step 15.
16. Dissolve the precipitate in 2 to 3 ml of conc. nitric acid amad
dilute to 30 ml with dstilled water. Neutralize the solutiom with
emmonium hydroxids using methyl crange as the indicator. The indicstor
will change from red to orange at a pH between 3.1 and 4.h4.
17. Add 5 g of ammonium nitrate. Stir until dissolved. Tt may be
_-neeessa.:-y to let the solution stard for a few mimrites umtil the ammoriun
zltrate dissolves.
.18. Trensfer the soluticn to a 125 ml Squibb separatory funnel. Rinse
the tube with 10 ml of distilled weter and add to the solution ia the
funnel., Add 10 ml of TTA solution and shake for 25 minutea wi*h an
autanatic wrist-action shaker,
19. Let the solutions gtend until the phases separste (aporocimasely 5
mimrtes).
20. Drain the aqueocus solution iato a clean S0 ml centrifuge tube and
add 20 ml of ammonium hydroxide. Drain the TTA soluilon and dfscard.
2l. Centrifuge at 2000 rpm for 5 minutes. Discard the supernatant
solutian. ’
22. A3d 10 ml of distilled water to the precipitate in the tube. Mix
-to wash the precipitate, centrifuge for 5 mimrtes at 2000 rpm, and discard
the wash solutlon.
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25. I?sszlv= —he Srecipltste In 2 to 3 m."._-::’ ecnc. pitric-aci& and trens-
Ter quantitatively to & 100 ml volumetric Zlask with Gistilled water.
IZlute ~he scliurion in the flesk to 100 rl and mix.
2L, Wzlgh thre= planchet:s sccurssely on an anslytica® bslance. Rumber
The plarchetz snd record the welghts. 7Zlsce 1 ml of ths lantherum

esluzics {Scluzion I) or esch planches. Dry the planchets wunder an
irfrsved lemp. Flame the plenche:t t- red heet vith & burnper. I.et cool
to rsom texperature and velgh., Celculate the concentraiion of I.a
assuming that the meterial welghed 15 lanthenum cacide (Lez0s).
Welgks o éried planchet - welght blsok planchet = g LazOg

77,5 s _ -
3-:’5 — = ng La" /el Sol. I

g Iezdz X B53.7 = mg La /ml Sol. I

25. Tlace & calculsted number of mrilliiiters (see below) of Sclution I
In 5 205 ml volumezric flask sud d.LLute to 100 ml with d.istil.Leu wvater.
Sctu-lon II skould coatelin 1 mz La ™ ver m11111{ter.

IJ.u«..m.LxlmI.a ’mJ. 50l. IT)

ng I.a /mi Sel. I
= 10omg1a™
ng I_a'a,-"ml Soi. I
=ml of 3S0l. I to be diluted to 100 ml to glve Sol. IT
21 me L 3/m
Concestrated Hydrc®luoris Acld - AF LS.
D=lure Bydroflucrdc Acld - Add approxdmstely 1 ml of hydrefluoric
acld wc 100 ml of distilled water in a Bskelite besker,

1. Twc mornlaz sni twoe evening voldings of urine are collected by the
exployee 8and sent to the leboratory. The totel sample 1s mixed in s 2
liter beaker end 1 ml o axmtifoam (octyl slcohcl). 1 g of boiling chips,
and epproximstely 205 ml of come. nitric scid ere sdded.

2. The semple 1z covered with & Speedyvep and teken To dryness &t &8 low
hest on & hot plate. (IT expedlent, high heat msy be used to bring the
gample Tc drymesa.) Samples may burn violently s they go to dryuess.
This does not effect the recovery. ]

5. The &ssh 1= completely oxidized (to a white esh) by repested evepors-
ticn wizh emall portioms of comc. nitric seid (5 to 10 ml portiams).

L. Vnea the &ssh 1s campletely white, dry, snd cool, sdd 5 ml of canc.
nitric acid and 25 ol of dlstilled water and boll for 1 minute., Tranefer
the soluticn ‘Eu & 9O ml cen‘l:r.n.fuge rube - --

5k



PROCEDURE 15 (Cont'd) _
5. Pifteen milliliters of distilled water is added tc the teeke=, brougsc
to a boil, and added to the solution in the centrifuge tube. This rinsing
is repeated with ancthsr 15 ml portion of distilled water, giving an
approximate volums of 55 to 60 ml in the cemtrifuge tuba.
6. Centrifuge at 2000 rpm for 5 minutes.
7. Carefully transfer the s_upemtan‘b solution to a 150 ml beakex
containing 2 ml of satursted sulfur diaxide wvater. This transfer zust be
carefully effected since any Znsoluble materisl will be carried through
the entire prdcedure. The sulfur dioxide 1s added to ensure reduction of
any emericium present to the trivzlent state.
8. Adjust the pE of the mcid salt solutlion in the beeker to .7 by addi=g
50% sodium hydracide solution dropwise. Stir the solution with a magnetic
stirrer wvhils adding the hydroxide. The Beckman pE meter, Model H-2, is
used to determine the pH.
9. Transfer the solution in the beaker to a secand 90 ml cemirifuge tube
quantitatively and place the tube in a constant-temperature oil bath at
B80® to 84°C. 8tir mechanically at a moderate gpee=d.for 10 to 15 m'mutes.
10. Add 1 ml bimmuth nitrate solution and 1 ml of conc. phosphoric acid
to the solution and contimie stirring in the oil bath for 1 hour.¥

B1*® - po, > Bi PO,

11. Remove fram the oil bath (wipe excess oil off the tubes) and
centrifuge at 2000 rpm for 5 mimrtes.
12. Discard the supernatant solution and break up the blsmrth phcspbete
precipitate with a Tine stream of distilled water. Transfer the precis-
itate to akoml centrifige cone with repeated wecshings until the volume
4s approximately 30 ml. °
13. Ceatrifuge at 2000 rpm for 5 mimites and disca~d the supernacar:
1L, _Rinse down the S0 ml centrifuge tube with 2 ml of comc. hyé-ochlcric
acid and 2 ml of distlliled wazer.
15. 244 this dilute hydroschloric acld washing to the precipitate ard
dissclve the precipltate with gentle swirling. IZ the precipitate dnes
not d*asolve readi'y, add conc. hydrochlicric scld dropwise uztil acluslon
is carplete.
16. To =he dissolved precipitate add 0.2 ml of lenthamm xft~ate soluticn
and 1. ml of conc. hyd—ofluoric acid. If the solution 1s tu=bii, aid conc.

# Tt 1s obvious that the fnei pH, after the additZcn of blemush =iz>ate
aibd phosphoric acfd, is-hot 1.7. Experimentstlon has shown t=at tle
PH acjustment to 1.7 before this addlticn gives the highest Dercentage
yielé of americdum.
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PROCEDGER 15 {Comt’'d)

aydrochlorie acld dropwise until it clears. Let stand for 5 mimutes (not
longer thea 10 minutes) to enmsure camplete preclpltation.

La™ ¢ F ——— TaT g L
17. CentrlZuge at 2000 rpm for 5 minutes and discsrd the superngtant
Tluid.
i8. £heke the lzntbernmm fiuoride precipltate with 15 o 20 ml of dllute
byiroilao-ic ecld wash aclurion aud centrifuge at 2000 =pm for 5 minrtes.
19. Discarc the supernstent and invert the cone quickly on seversl thick-~
nessee of Kleenex. Drain for 15 to 20 minutes. The Jiquld must drain
thoroughly from the tube since any residusel hydroflusric acld will ebtaeck
the stainless steel plste.
20. GQuentita-ively transfer the precipitate to a 7/8 in., 10 mi)l stain-
less 3teel plata by aluxrylng with dietilied weter.
2., Dry the plete at low heet on an eleirtrlic Lot plete ~overed with an
asbestos pad.
22. Tlame the drled plate To red heat with & burner end count the elpha
sctivity with e low-background proporticmel counter for 120 mimites.
(1he low levels of americlum encountared necesslitate this long counting
time.) o '
23. Report the reegults as d/m/sample:

c,’m e

efficlency of counmter 8/m/seng
The efficlency of the alpha counters used at LASL is assumed to be 50%.
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