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Foreword

.Tha Sutw.ommi~e on Radiochemisuy is one of a number of subcommirteas working under tie

Commitwe on Nuclear Science of the National Raseamn

government, industrial,” and- univemkry Iaboretorias in the

analytical chemistry.
The Sutxmmmittee has comcermd i=elf with those areas

Cmmcil. Ilx members recweaenr

arms of nuclear chemi~ and

of nuclear science wh.km ;nvoive

the chemist such as the collection and distribution of rediochemical pr-edtires, me
rediochemical purity of reagents, reditxhemistry in environmental science and in nuclear

madcine, and the role of radiochemistv in college and university mugrams.
This seri- of monographs has grovm out of the need for compile~ions of racliochemical

Information, procedure, and techniques. The %bcommhme has endemored to Drasent a series

that wilt be of maximum use to the working scientist Each monograph presams pertinent
Infonnetion required fir radiochemical work with an individual element or wi~h a specialized

wchnique.
Expens in the pam-culer rsdlmhemicel -hnique have written the monographs. The U.S.

Deparunent of Energy has sponsored the printing of the series.
The Subcommittee is confident these publications WW be useful nol cmiy TOradiocmsmim

but also to resaarch worksm in other fields such es physics, biochemktr{, or medicme who wish
to use radlochemical techniques-to solve specific problems. . .

...-

G. Dawis O’Keliey, Chairman
Subcommittee on Radiochamistry
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INTRODUCTION

dea18 vith tlm radiochemiszryof ~rici~
amriam of mmgmpha on radiochemiatryof

the elemants. llww im includeda =viaw of the nuclear and
ckmical fmtures of particularintoreatta t~ radiockmist, a
diecuanx~ of problemsof dtimolutionof a sample and counting
techniques,and finally,a collectingof radiz~cal Eo-
d,~g for CM ai~ntm am fo~ in t~ lita~t~ .

lhe aarl~m of mnographa will cover all •l~ts * which
radl -ocne’aicalpocedurea are per~lnent. Plans incllde mvimion
of the monograph~riodically ●m new teahniq~m and ~edumm
warrant. W reader is tbemfore encouraged to call to t.M
attenti~n of tM author any publi~d or vnpublitid =terial
on tk radiocbemimmy of ~ricium and curiua which nigh% be
incltied in a reviasd ~ion of the ~graph.

Ihe autbora haw retiewd b-fly tln c~nuy 6f amri-
cinE and curim, attemptingto keep tki Omphaain dn meparatiom
of zbsae el~ntm while inolaulingenough backgroundinformation
to give rho reader mm familiaritywith the topic. Mwh tlm~
dynamic and electrochemicaldata bavu -n ~tted; homver, mst
of the original reference have been giwm and rny be consulted
m obtain further info~tion. Cmmplete nwlear data such as
crona a8ctionm,decay ac~m, ●tc. are m= I=lM am this
Infomatlon in readily availableh mtandardaonrces.

Referenced reports which are followedby (OT2)and their price
=Y be obtdned f~ the Office of YechnicalServices,-Mprwnt
Ot C!omoem, WaaMWton 23, D. C. YM ●ymb019 W“ cad ‘ph” xufer
to microfilm and photostat. If M such aymhol follow- the lirting
of a report, the author- mre wiable to damrmine itm present
availability.-W“ U,6. Atomic Energy ~mmion ham X w
azmngemento for tlw sale of ticmcopies rith tk Hicrocard~un-
dation, P.O. Box 2145, Miaon 5, Wiao.onain and =ith 2aiadexMicro-
print Corporation,115 Uniwrmity Place, Raw York S, 11.Y. It im
pommlble chat them organiaazionsmay be able to supplyticmcopiom
of reports. The flyleaf of each volm of I?mleu &iemw Abetr~tm
may be conwlwd for further I.nfomation. single oopieaOf the
195B Goneva -f ●rence papera -y h ●vailable for 25 aents f~
Rui~d Nation8 Bmka-, United ?Jatiom W8dquuter8, East 42nd
Sznrez and lmr Avon-, lWw York, 19.Y. We are ido~ that ●ingle
copim of the 19SS @neva Conferencewmra are no loog9r a-lable.

------- ... .. .. . . .. . -..
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Hi. =.={ OF ~CIIJE MD CKF.ZIM~TRY

-Ii:mduczion

~-aveilab~:ty of Longer lived iootopea h h-ge quantitiesin appmmbi.ng.

In ~Lcul&-, a~ ‘s (a, tl/2zel.yagmuoffm -7951 PE) end

Qz=4 (a, t:/2 = 17.9 yeasa) ulXL be aepmnmed in 1~+1*0 in the

Wited %a=ee. Oae cm, sn:icipatethe fomaziaa of longer lived isotopes

= (eee Tabie of 160t~) .of CIEi-~by re-~azion of W

Ml of the chemicalmanipulationsulth even the lan@sat Ilved

Isr.cpes 0: eme5clum 0= curium require extreme caution end care. Qd.y

:racer scale e~=-tE, i.e., i 1~ cumm/min, shouldbe perf-d

cm z-hebath top dnce the total body kn~den (bone) ia only O.~ EIcro

curies. IEIy~o-scale Inveetigs=iona-t be ctied out in encloeume

au& as @ova boxes to prevent my physical Mspersal 6f contminatf.cm.

1‘z :s a Zriba:e 32 the Q vorkera h tia field that *tivel.y few

acci&-zs kve eve= occu+~. .Zhere em no loiown casea of ●ez50ua IJlneas

or dea=h frcm me=:clum or cu%um poflaming;however,pr~ mmdlcel

treamrc is meadatory h. t-hece2e of au accident,e.g. surgicalExclsl=

an~ Ii=mvenoua mea~r vlth calciumEUiA m mueJiy used followlng

akin pizctms ‘M* *oatt the mdloarcive eiement. A report of a..- (i7)
medlcai cafi=e~ce d fle Argonce Na:icmel tioo=.ory SulImerms “

ne~cd q:i=ce in-t“tiafield.

.E the case of the.cirmwn ieotope of americium,P, care Is -O. .... .
req&reE == am~d exceae&m hand expoeureto the Pr9dnent - 60 kev gama

raz:m . (Leedfoil or x-ray glesa IE a uneful ebeorber. ) With kge

quantities& eme=iclunor curium,nemrao expmure frm (a,n) reactims

beccmea a Dzchlen.

+ T!5enext kt@e eiemezt,berkeliwn (Z . ~), la in a pautl~-ly
timmaze aituatiaa. Iaompee capehle of tioingformed by newrm
kradlation & pMtonium, e.g. EJ!?4=end

%3 yJm_-&”&’.end ‘5EWSisrge descrucz:oncross sections.
bat dementig vork c= and %fl be &me on EMUU quautitiee, e.g.
the ahac~-im spemm of Bk was exadned on a 6tihJIcrogramemoua%.

-..
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a S.oluxicul Conzadning

midheainthepre-

precipitationby -Ma

Gfthelanthanumti

ram zempemmre, k=

-- the fo*. kJc#*)g.7H@. Its decqaition was arudied a a thenrbal

kl-ante.~=y! On heattig fi vacm, vater b lom 6tep@3e, fozmlng the

anhytrow cmelate a: 2LC)”. On heatL5g to 2LO= in air, mhydrom mericium

GXS3SZe i= somed uhiti - decompGBe5on further ham-q. Decwsizian,

f- tilack&&, begins at shout 31CC”end ia canpleteat ca ~70°. The

SOlubfiityGf Ad ‘=1) G%akte under U50UE cmditiona ia @v~ bdou.
(a)

~com dara have been obteineil’) on the aolubflitieEGf the dmble

E~-==e31 O= 3caeri2u.m and centi ~ metala. Three double sulfates .

. . . . . . . .
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of wqericiumac~ pcm3asiwnhave been ch~ed. ThE mqpomi ‘kwing the

c~osition x( S04)7 vMch is Precipitated at iii~ concentration of

potaasima -ate has tie iowsst sol-ioliity,3 mgs.]literm

TAHLE I

AMERICIUM ~ 9ULLE=

Am(III) cccalare 0.1 M BaCf14
* G.: !4mo~ ~ 1.8 x 10-s

11 0.25 M HNo= 20 2.5 x 10-i
“ - 0.2 M HzCf14 25 1.8 x 104

A secondprecipitationmethod ‘=hlchhe bees exaKhedtiaetadJ.

involvesthe use of -fluosflicic acid
(za)

t= aep~-ate americiumend

prcmmthiunl.Ucder the expembmtsl condltlonaused (aee pmceduzzs),

pramatbiutnfluoridepreci Itazea -e ame~-ciun~a la solution.
7).

There are roller rep-s a vnick deacrfbethe ‘me of this reagent bc%h

as a precipitant and as an ekam :Or ion exchangemllmms .

Very Etile quenzitaziveinformation is avaihble on the cmnplexhg

of americium. A thenaodynsmic(zero imxk strength)eqpiiibrium ccnatant
- (30)

of ca. 0.068 has been celcukted for the reaczionAmCl- = ~- + ~. .

FUmher evidencefor ccmpiexdngof americium~th chlorideion reaulza

t’romthe ~ of 165 reportedby Coleaum,Hecht aud Pennenan(5’)for

emeticiumim aamrated LiCl end anion exc-hwngeresin. A pl?OCe~ ‘~

been developedfor the aepamzion of americium or curium from t~vakn=

Lan-idea using the LL~L-anionreati”syazen and till be ti-acuaaed5
(32,sS)

xne ~-ificattor sectian. Americiumezd UWium are much less

ti@zly bound to DOVex-50cation &xkr%e reslx in H-13 M HCl tham tke

lsathan3iea(34)”) end rhb ?rope-y la very vaMeble as a group aepara-

Zion.

Americim t-hiocpte campkxhg la deuonazratedby the abscrptim

of americiumon szrmg baae adon ex~e =edn = an aqdeoua phase

5 M K&X!N.(=) L- molecti wA* I.=-tides m not atmngiy

abmozbedunder these ccmiich= and ttia ~-ysramgives exceXbenr lauthemn-

ame~cium s~-atime . A
,3)

CZ > ~ k- neaaured fcr smerici-amin 3 X

L~O= towxrd anion =esti.-

Other etidence?or M I-J) cmnp:exingevolves h ti electxdgra-

Um szudies 0: Yakovlev and Ximyakov.
(se)

Briefly, 70-* antic tig7a-

ziun was obaerwsd for Am(IZI) h 10 X HCi, HNOg

nigasticnm o-bservei:or 3.7M HCL04 aymxm.
----

5

and E+i04. Ody 1$ anodi=

JQmOhua=sly :W acetic



qtl= -S notedfor 50$K#OS and 78$qtim w detemdned In 25$

mc930~ .
Withthe except:cm of the work-of Herd end Welch,

(s6)
very L& -..

3 the aq2eoua phnse. Tbla euea of mmriclum aid curTum chmlstry 18--

S%*L m: -d unchartetL.

mep.amteiyin the pwfi~icationeectim.

lb. W TetrevelentState - Ad IV)

Ody three c~ have beem identifiedvhich contain teEmvaMnt
.(s0,40)

amerlclm. These are the dicodde,AQs =d-~-ti

fluorine,AIIiF4and KAniF5.
(u)

There la am queatianaa to uhether Ma

16 E SLoimamezric orLde. h = umrrat= -dezezndnatlm of * ~cific

ac%tvZty * AI&= L% Vaa found that az@droua Amclg d Ame(t30Js mm

ccmp.smklereuulta‘bytthat Am02 prepxred at&W vouldhweto have the

a.olchlmetry kOaml’&) to @ve concordantlwsultlaror the apeclfic

ectivlty.

!l’etraveihctmriclum hea never been obaemud IZLoolu~. ~

fonllalpoteutial or h’= - Am- b -2.W volz(-~ mumewlM

~aume rapid oxltitionof vater by tetravalentawm-lciw m _ acl.d

aop.lonm

-l.& nlt.~ ‘:- ‘“mtM ‘f ‘-

-AIOa+hs wbeemestkwu

Anereforethe ~ortlmatian of h(m) Wmld be

favored by CS. +1.h VOh m 17 kcal/mole. S- evldaicefor Am(IV) dls.

P~-htic= IIIMhen obtehed wpcm dlasolutlm o@ AE9E In H@Ot
(m)

Eud HCl& stud constitutes emuther pfxth for the ~1~ dl~

Of d IV) ~ If It EhOUld have 8 M* ~~ce ~ n~~l~.

5. W PCtwalen= State - AUJV)

Tne exiater.ceof This veieace state waa dlacovemd by Wenaer aud
~er~( 12,45) .unopreparedit by oxlk~lon of Am(III) in potaeaium

ce.rb~te aolamionGZ ~ with ‘hypotiorlteIon. The pentwalent atmte

of samzzci-mala obteck.edundeT eucb ccmdltlom h the fozm of an kmoluble

(< 5 mg/Qter) dmble salt with tie alkali cerbcmate. ~ elabomte

~er~=s with mbidlum end armwnium enabled the chnracturlzmtlonof .“

the h&mal compmda F5kQCO= ma NHJmD.m=(”) and ~ie -

KAmO#O=”2(K#0 ).(-’47) A mnnocldnic double aslt with aodlum carbonate

alao dsts .
(J

Other ~us Ktich9.9ozone or permdfate have alao

been futi e~e~ive. Other ‘q being eque.i,ozone la preferredbemuse
---- .

... .

~z:..
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nu w CS,,m or anions are ti.trdicti-iht~ t-heSOlliZiO1l..-

“Theprecipitationof Am(V) Is mnineiy ‘Mealto PLUMY mzerici-m

from carbonate-sol-~ble~rizies such as lanth--am or .ccri-am.2he

-. .

oxidation of americium titn ozme proceede amotbly az %“ in3 M K&O=.

w Am(Tf)is ~omed ea .sf5nel.Ydlvlded t= m=cipizate. Remvel of the

caz%onazeaupernatamcfollowedby waeldq the precipitatewith wute

Ic2cogSolution (mtar alone destroysthe cmpound) W reduce the con-

cemtmtlon of elanents mch a~ hnthamm - bjj a faccor of 10 or more >er

oxicl.stlui.-e.

It ‘heabeau fouud recenfiy t-hathi@ [2 5 M) concan==.ione of

pucasalum c=bonaze are noz necee=q to atieve ccaq?ieteoxideziom of

trhilentamericiunto the penzavalenr-maze. E ane bdfhles ozcme

through a slurry of trivalent emeric~m Eytttiti in c=. O.~ :4RHC-23a=

92”, -& KhmOEC!2S la o-3ttied.
(*)

A ac5dngZy dlfferemtbekvhr

iS obs&veri‘=ithO.~ M NeHCOg. lJaingsodium bl-bonate at ~“, one

obttis kwma.lent amer:ciun ~ ziie fmn of a ztahomzty colored, soti~b=

Ccmpiex.
44)

The atructwe of t-his complex la yez ‘*mm. Tkis Am(VI)

cOmpleX aiao is .obttiedby treattig tYiVSieIlt smericiinl b 2 M Na@~
(-) -

vith ozone at rocm wnperature. -“ me continues to buk-Dle omne

7



-.. ..

T)ie pemmai=t stare ia unstable In acidltleshigher than 1 mol=
i=$,ss,as,ea

unde=goirg dimro?omlonatim ui=h a felrly”c~lex me&sminuL .- WJse ~
IM@m” -~, :% Uue thou@t t-t -the.I!liaprgpoRionazionf~a a -

.f~iy a~~e kkeric exper9a.im,vlz: =mnl(v) l/aAllOh 11--1 hO@ = .
Q.@ -[k(V) “!2[ELC104]4-. - (4+)However,more recerc vork uiththelonOiyed- -...
&Fti IEM ShmL Tkt tine mte axpresii&J10 more cmpliceted ad ah.c@d -. -.

be ~eaenzed ‘byen equazioa of the form “-dAm(V)]/dz“=”kz[AZU(V)‘[ECI.04]2

+ ifahu(v) ]%cLo419 . Therepmor.ionatim of Am(VI)‘&d Am(m) to form

AE(V) haE eLao bees obaened using Ama- .[fi]

The peczavalenza=ate of americigmalso cea undergo ❑ti-reduction
(se)

with a zero-order rate in perchloric ecid correapon~ to --~/hour.
(9s,se,m,se) ~ -

Tne rate la acmevhatmiable in difierem nuedla.

be emp-ha2ized*t this rate appliea only to the isotope Amzl, vhich

hizhe~o has bem ueed elmoet exclusivelyfor etudlea on the chemistry

of americium. ~ haE-life of ~=. la 458 yeem, correapmding to a

specific activlzy of 7.12x 10e d/mln/mg. The @&ted alpha XIclee.. . .-
Intmt with the aoiutl& to produce..ma~.~, the ~~~.-e&ectOS which -:..-
ia to reduce Am(v) %0 AndZII). The rste of produ6tim ti these -olyaia

products 16 proportionalto * total amount of alpha-enui~ end deter-

*es the rate of ae~-redmtion. Thus, pentuvalentmrricimllcontedn-

in.gthe longer Ilved Am2a MU undergo considerablyslover mlf’-re&c-

tim. Hy&ogen perozlde is me of the prMuczO of ‘-tim-fi~nt”

recombination;therefore aiy aolmion cautadn”~ E epacie4.vbiti viXL

cmplex or destroyperoxide uUl Eerve to alw the oelf-reductim of
(40)

Au(v). The mte of self-reductionla mch alove= in HCl oolutimm,
(s)

or C12-sazd. aol-titl~6.

The general chtiswy of the (V) and (VI) atazea of amaricim have

E= B~k-tziea, both -=azea are KLuoride-edubie end afford a quick

aeparmicm frcm fll~o~ide-tisohblecontaminama. The hexavalent atate

- ?rePk=d ti=lay bY Mrect OXIdation of the trivalent i& in dilute

acid ($ 0.2 M H-) a= *“ ual-igammoni-m
r
rmli’a.e.(so) SmE prelxultionn
s)

-areneceaaeryto ac-iievetblE oxidazionj the acid munt h dflute

becauae peraulfa=e decanposeavia en acid-cat-d path
(al]

. . to ~

- -p~OE-~. nCid vkich would rnPi~ reduce any heXa~=t ~-

iCilUllformed. Hemavalent ~cia IS rednced by Cl-, Br- or 1- b acid

~zs of -5xasei-a cenuot be totied.aolutla ‘&d en

L-geztic Ian and, to O- emnntj eerie ion, w almo b? used to

achieve the oxide.tih of ~111/ ~Je~VI). ‘*) Electml.ytictidetim.
gives a high meld in 6-MHClQ4 ‘ ~a~~~at~

......... .. .-

..- .a’.. . ... .- ..



(02)
must be used at lower aciditiesto obtain comparablefields. .,

Oxidationof Am(V)”to Am(VI) is most convenient~ carried out with

ozone, but eerie ion or argentic ion in hot, d&te acid have elso been

Used.(”o) To scme extent, all Of these methods s~+~er from %e dis-

advantage of contsudnatingthe remit ing Am(Vl) solutionwith the zeduc-

tlon products of the oxidant. Even dissolutionof the Am(V) potassium

ceibonateprecipitateh acid follow=dby ozone oxidationto ~(vI) st~

leaves potassium iOn present which is often a disadvantage?or work in

perchloratemedia. The electrolyticmethod often falls where the con-

.. centraticqof impuritiesis Mgh.

Two rather pev methods have been employedwhich may be used to -

g&etite AzL(TI)tiectly.” If ozone is bubbled through a SIURV of Am(OH)~

in Uute (ca. 0..03M) NaHCOS,at 52°, me obtadns the hexavalent state,. (44)
h the form of a soluble complex as previouslymsmtioned. .%bse~%,

slow addition of acid to such a solutloa (h the presence of ozone) ylelda

Am(VI) quantitativelyin acid solution,with only a neg13gSole cmtribu-

tion to the ionic strengthfrom the sodiun salt produced by zwut~zation.

W second metho~ involvesthe direct ~dation of Am(III) to Am(VI)

Using Ozone.(*) Direct oxidationIm acid solutionW not been success-

ful with ozone.
(s)

,Are—exmination of the Am(111)-Am(IV) potautisis in

acidic and basic solution suggestedconditionsunder wblch this mldatlon

should be favorable,i.e., neutral“orslightlyaX!raHne solutions. While

the E“ value -forthe Am(III)-Am(N) coupie in 1 M H+ is -2.4.4volt, the

~ value shouldbe about 2 volts more positive, about -0.4 or -0.~ volt

(1 M OH-).(L) This esthat e dep=ds prharfly upon what is taken for the

ratio of M( OH)i/AJE(OH)s eolubilities. E~eriment ally, it was fcmnd that
.,

at approximateneuttiityj (PH = 6-9),oxidationof AJZ(OH)s tslcesplace

with ozone. ETypocbloritetill also cause oxidationbut no Am(VT) is

ohserved aff.eracl.dlficaiion, FossSDly due to reductio~by c“hlorideioz.

‘The ozone method (which is most e:fectlveat 52° ) , ta!!es abGut 1 hcLc- for

one may slcdy add acid (w*Ale conttiuhg ozone flow) to obtain Am(‘~),

The hexavaLentstate apparentlyslmws scme smphcteti.cbe!!vl.or;ky.e~

hydroxida :s added to en acid soiutionof Am(VI) (constgtly huk:lhg

ozone to madntain Oxidiziagconditions), a dark brcwn IJreci~itate forms

If an Am(VI) solutionis nke basic without czme presect, considerable
. (44,60)

reductim to An(V)“occirs. NO characteristicAm(W_) strucYL-eU

aWemet on spectral studies cf.“tll.e,-casicsolutionbut.the ‘EOZnalwAm(Vi). .,
a“aaorptionipect~g..+~>esrs or.acifiification.The speti~ of Am(VI)

.--.... .
in bicarbonate&“”~””’c’&bonatesolution 1s.markedly differentfrcm its

.,. . . . ..>
9“



The nexavaiem Eme:e altiio undergoes Balf-reducrionas in the c88e of
Mv]; however, -Ae rate of reductlm of Am(VI) to Am(V) 1s more rapid

z-== ‘m= C= h(v) to Am(III). The 6e&&red.uaion rate o:.Am241(VI) la
=a. Lqp=~- . (5s, s7,ss)

,! A9with k(v), t-kla 10 eBB=tid~ a ~ezw order

reactlm, proportionalmd.y to the Tukl .el~ ani%ter prment. This

f~ly rap~d =ficticn rate =~zk Am- ‘haainterferedwith precise atudke

on the (Vi) fiare. The uae of @ng-ilved AU24S m & ~ra accru=te

e2ucidaric5of mny faceta of Am(VI] cheml#cry. The Am(V)-Am(VT) coqle

la reve=albleand Am(VI) la aiBo reduced more rapi~ them Am(V) by chem-

ical ~eagent~zhaz %+!i reduce both, e.g., H202.
(2s,efJ)

cd ckibride(’)

Both nitrite

reduce Am(VI) rapidly to JWE(V)vIthout reducticm of Am(V).

7. s13ect=E0: Am(nz) , As(v) ad Am(VI)

ALL c: the aquema valeace azaze6 of americium ‘have chamcteridic

sper-33. ihe VBAOUS ~ are 0S such vava length aa to eUow U three

Eoht:on vaience a:azes to be determined almltameously. m Flgurea 1,

2, and 3, the aper-raare ahom and Table II fiuta the ~cl~ ~

meLzE . It 16 not a~~iaing that allght Wecremnclea exifrt. Very

ai.gM?icant_e6. h exGlnctlonccn3fT:clen%a - noted In bl@er con-

- CECltmti~E of cm&@7u adds audc eE =, HC1, &@4 andH190g(S,za,se,se,m)

and ~Bt be considered- Utw ~ otmatric techniquesfor

americim deteminatkm. ThelmmnB43Am(III)~m5@7 R&ea not

.obey Hear’a law at ‘hlghar mericium cmcenzmationa (appmtly an ~-

mxzai =Wect).

It should be noted hera that the actlma of Am241 alpha radiatlm

cm 602---ionacan -e ccmrplicathgefiecta In o~ upecz=. The

Ee-ti-redue-imof Am(V) and of hn(VI) has been =tioned. Even h W

case c= Ac{ZII), radiolyaiaproduct-eeffect the apactrumat ahom wave

1- (< Lm & .(5S) Reduczion of per~te ipn has bean observed

in concentratedaoiution6.
(*,44) ------

.. -.
..-~..-:.

.-
. -..
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I.lezingfowmrlJlgthis descriptiveportiaG. H~ ., Em much Or the

hfozmation had nUt been Urltt= ti the fOzm of a epec~.c procedure, a

~ ~ of * re~ts -cm mmcatim la in order her=.

E me is faced with the sepm3ticn of tmerlclm from non-alpha emitting

contamdmmta, the alpha actlvtty of emertciumitati will asrve 8s a

quamcitative check on the pmmdlre. w 60 kev gamma aaaoc~ted w:th

*L La reedj2y detected aud la a mnvealenrc&oii for foilok~ SK3=:C:UU

in both a quantitativeeEd qualitativemsmer. E other alpha-en2&.e:9

LUG presert, it is.often necesa~ to uzWLze aI a12ha euer~ mdpsr TO

discriminate the amerlclum fraction of the -activity.

a techuiquavbictivSJ be tiacueaedfor me scale nl@t be J- ae aWtah2e

for mother ‘iti consideringa p_lcU problm. scme ticai reaaoE-

ing aud tition should GJJov a reasonableticiaicmae to which tecblquaa

to Ullploym

(a) Tracer Scaie AIUG5cium or CUiurn

Bienrmh pho=~-hatewbicb = the historic co-precipizatim re~=.

2or phrxmicn w!2 alao c-” americlunfran 0.1 - 0.3 M HNU3. ‘qit:aa

mch aa celciun =d nb9gGe3i-Jm m mt carried. Zta use fOr the S~atiOD

of americium fromudae 13 id.eraeaedin the rrocedurea.

With trsmr qmntltlea, htbamm prtides a con-en% camEer S=r

15



Buckas Dmfex-5G. Dltirlbution‘coefflcl~ts = k= as-3.86r.1~
(87)

(re=+we=le) Ba=vebeen -E=x=d for ~dlm In aji~.xHcio4. --.. —.
Tie trlvdent actl.nldes”elute ahead of “the-kt-hegtdm3-A- Dovei-50“

redz hi13M llcl(g’’g’~W: “k is-li:tl.ete&nq -far.q*ci.um or _..-

curiuu %0 abso=b unto enicm resin .5uu-hydrocbloricacid-~ti. SevenL --.
(sa,es,?o] - —

~vorkera have lme~ted the bebatior of eme5clum end curium -

@ r&* aCi.dEt-= Douex-1 snd I&uex-2. Their york shove that

tiCi-JE aridcwrfiunere not Sl@fiCSEt~ absorbed ($ i C& VOlm)

- on these ~m remlm frm 0.1 M to ccmcentked HC1.,H*4 snd ~~.

The ab3mlcrl of Am(m) end Gn(m) m --1 frm ~c=t-~a
(=,s)qpeoue Eoiutions of dllorlde, . . . niate(s’) end tbkyanate(”’”)...

SdtS COllZ.=%SEt- With theti lSCk Of absorption* the C_~-

* ac:a.a. A Lean s~zicm d hcium fraa LSrUMmm baa beeu Obtdnea

(ee,n) ~
udng Douex-1 snd 5 M HE&IT. -or a singlebatch eq@Jlbretion, ““

- Sep-lcm :Scwrs of 30 for americium-l .“ end 3 foramerldJm-
(7a)

yekerbiunvere fuund In 5 M ~C!l endDowa-1. Surleisad Chtmh$=)

rep&t values fw-the di8tribut50n”coefficient‘benmen 2MK&XNead

Dowex-L fo= I-8U -d “5feles and alio report distributioncaefflcients

for ~riclum end &opium over‘a1 - ~ M tbiO_te C~~tti w.

9everei caticm exchange systems~kul.arly mlted to tracer scsLe

-E~EtiOn8 0: ~%CiUlll aridcurium end t?enacurlm elaaentshave been... (s)
Utuzec. tisicalJy, buffered citrate solutionvaa used, butti

rem k been supersededby others @@rig -er separatlcm. R-

Douex-50,the chant 2@ ethyl alcohol-swtd.aHCl
(00)

gives au excellent

r.iniL--k-5zauide ~oup Eepaxazlonalaug with a a~t better ~ra-

actlnlde sepmtion then i3 M HCl alone. Amethod forthe recoveryof

Smeticiumend Cwrilm (and treaecuriumelunBantEi)fkm cyclotronmts

be bees hu?iea by Chetbam-St~.
(74)

Briefly, ttdJ Sepemtlon depends

upon absor@lm of Ad I=) -Cm(~) m catim ~efi ~ 1 M HC1. Weahing
---

-Vlth thla ellisLt.remmiieelAell Mmlle, euauaeaan%s andsuca. The -

.-.

smezlciumend curiur ~ G eluted.frm the cd.um vi~h 6 MHU. Little

separationor americiumend curium is obtelned but m-t mnol&.im

&ml the ll@t sad ‘heavy~ Csa be mallzed.

A great deal of infonuatlanIs avdlsble ccmc
Y

tbenaed

b’uf5xmd
~ ~**, (aa,7S,7e) . ~, 75)7s) ~

anmonlum glycokte.(”) Howwer, ~wl alpha+ydraqleo~

(~ = k) m m elmt * m+O”hen bm(:~ almOSt ~1~ in

remt yeem f= intra-actblde eepm53tllme. Mmt of the wrk with

elpbB-h@roxyl eiohrhyri cacidbeabeendone at 8P. Whar recent W*S(”

have S!lom dlw-ar ~cm factors” cea be obtalnd for ticiun,

curium en5 c~lfornlum a% romn Ixmperarurswith lever crass IJaked resk
-. .. ---- .. ---- . ...-. – .. . .. .-.. - --

..
~- - ‘-.-e. .,.”.”- ---.



The reegemt ethykmdkmia e tetraacetdkacid (EIXCA)and cation realn
..

ayetema ehov even bi@er mpan3zion factorE for americtm and curium
(co) --”-

zhan the alpha-hydmxylsobut~c ayetem. However, the dpk-~ao-

but-yrateaya- la generullyprefemad, perbapa because”the ~tier solu-

bflizy Of the ptii- ~d C~eXeS CUl~d J31Xtthe ~q% Of
(al)

mmm =pid flow ratea. ~ ~d Ptiu~m dleth@enetriamine

pentaacet.aze(DHX) baa been shown to foza very ti@m canplexeswith

Wrlum.(=) Other vork indlcateethat QPIX cmnplexeaphrhdum aa

acpected aud - certain d~a canparedto EIYIYlfor ~ of

pkCODilElfzuu the body.
(aCl)

The poasibilitlesof a~minlde s~tion

ua’~ DPliim yet to be expiored.

Table III is a crmpariaonof amnauim glycolme, emnmium lactate,

amwlliumeGpha-bydrgx@aobmyrate aud EUM in which the peak positions

m normalizedto curium. The free column volume has been aubt-ed Sraa

U“ positions. Elutim of Lanthauldetracera showed essentiallythe eama
(7a,a)

behatior relative to @linium with amrici-m elut~ la abowc the

aama position aa prmnethium. Hence, operationwith these reagenys is mt

useful aa an acitinida-Lw3thanidaaeparaxim.

“Thereare aeveznl aolv=t extracticmtecbniqueavblch havebeen used

level. The reagent thenoyltrifluoroacetone,TKIX,
(C%es) *

TAELEm

mmm m POSZTIOIV9m VJWIOUSELu.mm

(31y’colaze[7e)Lactate[‘e) Butymte( 7S) Bucyrete(m) EDTA(‘oJ

w .- --- 0.05 .-. ..-

Fm .- ().23 0.07 ... ---

Ea .- 0.33 0.13 0.13 ..-

Cf 0.6 O.u 0.20 0.19 0.18
Flk o.m 0.65 o.lL5 0.37 ---

Qn i.W i.00 1.00 1.00 :.CG

Am 1.lL i.21 1.145 lJL 2.CL

a concentratim d 0.2 M la beazana U quemti=at ively -.ract amertd~

and curimn from an aqueoue me d ~ = L.o. Some aeparaticn~

~~ 1s poai3ibleby opemazlonat * = 3.3;hovmer, Mttle or no

a~ticm of ameficiumfrcm cur.-n = be aatied at aay acidig.

This zeagent is one beat resemed %r tracer ievela of actitity 9km
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the unase~%ted ZTA md.ecule is quite easily attacked by mzcm mounts of
alpha rdia~ion and the cm&x with-smridum does mt have a M@

(71,ae)
Eolubmt y. Thi6 reagent does alJ.ov a Cfmveplent~ scale

13~tlccl c: Smeficiumfrcmlplnmnilm Since tetravalentplmonlun is

Ccupletezy extet at milchhi

pmce5ure has been develupd

#er (ea. 0.1 X) levels of acitity. A

for qpentiz,stlvet~ Eeptmcticclof

ti.clun d plutcmlum. Anuther, &L@tiy modified,TT.isys~ for the

u~ti= & emerlciurnand ~rlm %mcer ‘hasbeen mpoz%ed.
(ale)WB

uae aCCCQ~Shed by extrar.~ both amefi-d-mend yttrium frcm en

aqueme p-heaeinit:aUy pH = 5 In%o D.S M T!U in qlene. The emerlclum

was then mri~ed fram t-haorgaaic me with m equal volw of ~ ~

at ~ = 6.~7. Tm back exaactlme removed 7L$ of the orlgb31 ticlum

with no detectable~riun.

Cmsiderable vork has been dme vith the reagent tributylphmphete

(TBP). ‘1’k%esze= Is G mo= :esistantto *tIon * TTA - is

mom oSten used with metro ~%~ then a~ the txacer level. There m

The exkractlonof me3cium uith acidic efiers of -

acid baa been ~ed.(=)

~c

The alstributim ratio of Elmmiciumm the

orgsmlc phase csa reach %elues of lN frm aqueous phases of dUute acidity

and 2ractimei values for the fcmael cmm.mtlon aF * eater in the

orgenlc -we.

The exmaczion d Am(m) h Z M I’&SCK into THP
(u)

has been used

on the ti~am scale (see p~’fiicetionsection)for miciuu purifica-

ticni. ZblE system wxld also be uaefui with Ger quantities.

Wdsh(g’) stied the =.mctlm of amerlcia( ~) * aqueous

n:tra~e sohcLoa by t=i-htyl phosphate. me eJ&ractmn is fwored by

hi@ nitrate Ion canc=zrstion end ‘hi@ TBP Conc=tration in the organic

-e; t=ism*dby M@aqleous acidity. w axractian of wricillm

10 greatly influencedby hi.gblycharged carion nltm3te0, e.g., ~o J*

=, 2.5M emdmim dtrate, <=ti2, wWefrmL 5MlhlTC&<=3.

Z3e sdwnt ext=ction ze=quea Eentioned dl involvetri~

151neticluulmRe&rtlcm of Am(VI) tracer occurs so ●asfliythat use of this

valence state on a t=cer level la not re cmlmenaed. Buth Catim and
(*,eR)

anion reE- reduce Am(VI) to Am(v); huuewer, DouaX-59 hea beun

.. .Meii to s~=ate ~( IIIj from AndV)..@thu@ reductioq6?”Am(V).‘=} “”-

~ _. . . -“.-
-..
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. ..

(b) ~.MJMsren Scale &paratlana ‘“

MYCIW&I, such as ones tivdw%w -titL&i of AndIZI) to Am(V) or

IUL(VI),uhlch are exceUeuz for the aeparation of Siuerldum on t-heu-

- scale frm only figram amcmrrtaM @purlrie3 are m%en fume

unsu2t~le at bi#ier immirlty ieveis. MaEY times a concenuation amsp

mum be pefionned ?or volume redwmion ad separation of dUigmzn enoz.mka

of auericlum Y71XZJL‘1 =tiea other :han burtlwnmL A trivakat

lauthauide-actblde fractionnay u=daLy be cmcenhtefi by a auita”ie

cmibinationof Ehoride or ate precipitations. Mat tmition el~.s

ibzzuaaluble c~exea with these aDIonB and are removed. Several such
(s*e?)

procedwsa ‘havebeen reviewed.

Concentration by =raction from nit=ate ned% ,usiag .= ‘Laa keen

.-1
menlAoneti aimve and iB a use2uL techuique..Cokmen has fma that

lLO$T9P extracta arbericlum from L Mm#mtith Egof. mO;ti :-m

c“mcentrazior of NH@N ia i M or lea8, tithanu=i‘Earsa ~a about 6

f’actorof 10 leas t-- =hat for amerkhnn. (Wlzh tbimym.ete .gea~,

‘h presence of ‘higheetdity or strong tidz~ ~erts mat be avoitad.)

Eqperiecce on The Iaohzion of z 25 ngo of amez?ciun% ~ SMO-JUZS

of ~drit ieO is a3mnexized In recent repona. fi .E He~i=)

repor- a procedure for zhe separationor 25 ~ of emeric:-m~ 2 @ of

plutonim ma O.5 @ each d ‘imnimn and irm. Wutonium and ~fm

. .



amciciun W-A m EQ.d~ea precipitatefometicm, W vaB even-

s- ale to Teeovermoat Of the Emericiumby k teclmiqJeE. (me

tiB&UtE&E e ti- for UlaCm ~~tles ‘ofamericiuin”haim.- mnticmd1.
“earlle~.) . .. ..- ..

Once en m%cim fraetiba ‘ham been enriched to the poirrt ~ -- ‘-.. .

BJnericim is the Iruqorcm8ti*t, .BJIyof.* aever&.te@&ue8 m- -

tioned k the prawluus sectiun can be ued. In addlticmto ~ wch-

work u% aecer levels,methods involvingprecipit~tionof carrier-free

aznerlcflm .ead oddationmtictimi tecbalqyeebecq? feaqible.

On the meveml ~~ <- &e* “
S*, EcUerZchl”iaCcnlvmlmt

~ Cerbonate-ooluhl.eimpurities(much =“-La(III), Qu(IR) ) by ~tion

of h( ~1) zo zhe insoluble~(V) cerbomte frm putaaaium ~bonate [the

contitim.sece dea~bed in t-heAm(V] section}. Diaaoluzia of the Am(V)

preclpttate h Uute acti m be followedby ozone aidatim to Am(VI),

mibse~t eddition of fluoride imi wilJ ~cipitmte the 1amthedde-ldke

fluoride-= olublea leaving &a(vI) k solution. T& ~ricim may be

mubBeqpenziyrecovered.by adding a-+cing egemt to the &m(~) muper-

na’%eatmolu=icm (stiJl camadxlnn atceaa P-uoridel and *clpitetlng ~-

iciun =rL!--LCOrlde.Trivalent americim flwrlde may & dlmolved in 1 M

E5!O=-aazL.E@03 or metetheaizedto the ~de ~ tmskt of the.. _.-..

fluorlde Preclpitare wtth O.1 M ~ for 1 hour et ca. ~“. Aiwrnattvely,

Ad IZI) cen be ddiaed to Am(VI) in Wtie acid ulth ~te (for

dezaila aee eeczicm on Am(VI)) and the fluoride pmclpitatl~ car@ed out.

Oae my recycle the ~ciun in BU* an uparatlcmas neceaa~ to o-

the *fiL-ea *X of purity.

Icmmchange operaticmaon ~ ~ B* are mib$ectto ame

Mtatime. Ccmn~ly nmre Croaa*onzamjmation gmerally occurs

betwem ad.JEcem elmenm (e.g., mrericiumend curium)-and it shouldbe

.-l-a ~~t th= aeparatim ftimB given h Table m are for ~

poaitiom. F-e, ‘the @a e&iu=l&- cawed by the alpha radiatim - -

“aeaocia.tedwlti mllJlgram qumtltie.e*m cauaeaplu@ng of the colum

frcm bubbles. Tbla in turn neceeaitaea more rapid flw ratea which w

-~ade the effectivenessm= the a~zion. Eevertheleea,“met Of ..

* im-exchmge zecbmlqgeanmticmed h the prevlmw aectlonhave been

uaea aucceaafullyon -h ti~ scale.

(C) Wimaae %0 Gram of Americium ~ M.iLtfioldLevels of _tiOB

w~ tely (or perhapa, fortmately), Chtimta have oftaa had to

considerthe prcfoi.erof recm”eringeunez%ciwn (or curium) fran nolazti~

wherein the acztnide1s preeeht only ma a ‘~ detectable”apectroacopic

hpu22ty. It ham certatolymat been unccamnomto ~~ B~ ~

... .

~.. . -..
.-

....”-



at highly malzd “Rolwiorl,“ perhaps ~. ’15M h zcnd. CZKiOg.qnd”dmslty -

-1.6. Such “eolmima” u6ua& have the color, _coBity ~“ %-e

of6pMtp3aamaud Inva@ebly have a auspicioussludge on the buztcOI

of the Coutailler . Ihvertheless, them q be mfi.ciunl contentslmlgiag

m Slwersd.~ to semsrel _ vhich ~~ mst be recwered.

Glum as tbe preapect may s-, it 1S Pomibb to re~ the ~CiUU

m such mimerable mdia h reasonable Held ~th only alight ve.su aml

twmth ~1 ~C~. Ioolat~ of curium ~ B~ media

vcmld be ~cted to be ebuut es efficiaut.

Thsme have b- Eeveml E@MMa ales-bed uhich lend themselvesto

~.ofauch ~ iJDQuretiCt~ sohtiom . Pmbebly the

bulkdthisu urkhasbeen~ed ~thCrCCUW~OfCUETiCiUIU

frm various plaint reelduea W* m by-pmdtia * the purifi~tioa

of plutmiumm since americium IS f- in mectora by the reactiom

=~-, this ~cium tiotope la conz~Fu=e (n,7)m=443(n,7)Pu

encounteredin P1.ubmilmlmom- ~tea.

~ly, sam ~~ step met iead tcnm5i thO concentmtim

of au actiaide—lanthadde fraccia vhdch mW be folluved by - mcific

chmietry. SucceeefUl camylng of RI( III) end Ad ~) vith calcium

oxalsce frca aolutim cmtdning U@ concemt=tions of magnaelum,

aluminum mid calci= nitratefi(total cartlanc~tion Lz to 10 M)has
been ~edon aplsd Ecele.

(es)

L“ the Concentmticm d totel Caxion IS M*, 1301ve11-texbaction Vlth

TEQ 1s WI- Wed h C~C~thg the smericiun. The --ry itaeK

acte as the salt.ing again .to -we M* ertmczion coefHcienta. A

routhe ~ has been reported (=)”uehg 30@EPillGafm (G!JMm

IS a kemseue type dlluent sold by the Gulf Refining C~) . This m

used to extract americiumfrcm a flute acid aqueaua phase (cc. 0.1 M)

ad hewlly eaLted with alkdlna e*, aluminum sad aotiam nltratee.

Retribution coefflcie=csof 6 to 10 we- obtdned rm tlda system. w:th

many impurities, the use of a hi@er pH nnae%be avoided ati prec5:ita-

zhu folloueaby cmul.aiflcationcaa occur. Licrle or no eepamsttonfr~

2en&anldes vea ob=daed and caneiderableamounts of &her &-=Lea ~-e

alEo er&acted, but it served well u a mnrnbnt conceatrat”tonetep Sar

the americium. %s americiumw recwend fram the organicphase by

Ettipp~ With V8t- .

An ccrahteprecipitationvaa ‘- made wldch ~ cancentmed

the ~dea, elhldna e- tiamericiumflmn Other metalo. The
..
-ate cake me mtatheaized to the ~de by trea%ing vi& O.1 M NeCH

-.
for 1 hour at go”, yieldlng a dense, readily 51te*le ~cipizate. Ey

bam&iae ~ the hydmxLde pm-cipitate with 2 M NE#Og, the aJJtel&e

in



ee.z-hnvere lee-ha mEW with Ilttle IDES Or- me5cium. ~ thin,

the em2Aciun mid latc”~ e mm a.~re%ed by im ex&mnge.

h2ther .Vort( ‘) aei3mzbenthe recovery I&lamliFcm3tioncd emricilm

Sripilltoci-au5= eo:r.loue of ~icld cmplxitiam m = 100 mg&terJ

~ . ~~~~er ~t~~ c*- (-~) . 10E. H* a~l~ fi ---

mode 1.6 - 2.2 M in 3+ d coKtectedv%th 37$TBP,auly@uEmAau ie

ermacted. k!’ter‘~tment of the plutonlum-depletedequeova ~s~

=-a baee to %&q the eddlty :0 0.23M, -Cilzn and L~ia ~

exmiiccedvith 3fi “ZB?.

me” sptlon of eurici= ~ uuch ccmcemcrfrteehee been

One ORi4L-centzzte(=)

~“

by ~. end IASL. Cuneietedofilmlmlogofh+
Ui’a 3 ~ 0:~~ andelmlhr~s of Corroeim prdllcts . Two

seperetim zec?miques vere uned OE @ mzeriel:

(1) Elti.im Of ~iC:UU - a 29$1- Dow%-50 resin col~ rlth

0.15 M citric”ecid-A.10 M ~um citraze-O.3 M ~ nitnrk,

pH = 3.5,gwe a prodlleContedxdng .* of the mricj.um with a k/&n

retlo of i/100 or has in one-fourth Or8 mum volmE. ~~hly -
9 g of emericium wae purified by this ~ti.

(2) Elut:on -“A U.8 M hyarocblczricecid * a 20 to 3@ -d

rhYuex-50Cohm gave $x@of the MIcium in tuo collIOnVomm of prcduct

with s u/hi retio of bout l/lb. About 1 E of ~Ci~ w ~d

by tMe method. (Hate: U-e of conctirated HCl in ccm$m&im with gmms

of macilnn d mgmune of “-hrmhenldee reqplreemuay Ut8ra dUM

ECl -a mporete. Thlu hae deleterious effecte cm metel pmcees equip-

-. ) UWT, 8 001~t **- prOC8ES rOr the setim Of ~
icium 2mIU‘age quautizie8 of the Uj& m eerthe VIM ~ed m

B puut pkt Scele.
(m)

The proceoa uti3Ax3E tbe pmfemmtial arcz8cticm

of emericium tfltO 100% ~ frua 17 M IdtSiC ecid. ~CiUM ie mriched

inthe T’EPbya 2ec%mrof10c~d to-hnnum.

At ~, sei~ Of ~riCiilll* SUCh =riCiUW~ m m-

ceatreteButilized dieplacmnentemlyeie uith 0.1$ time pE = 8 end

~-50 res=. with Blultigml mauntm B eeries of heeado+mfl made

klop u!dch may be cleed.y eepnmted.
{n,esj

It hee been repkced by

the 5 M HH&N-Dawcx-l eyEZau uhlcb is much sqperior.
(n,e4)

A ctiinaticm procedureue~ ~-l mid KE#QJ w •~ ~

icti m ~ elm5e, iron, el~, ~se end ~um ie out-

llned helm. bmmixlmre of Em&icium, iemmum, iml, etc. 1s

abeorbed frm ~te esid on ~50. PmmegeuflM_~

the

=a

-.
.- ..”

~.



., ,,
.,ctitkedwiththe 5 M N%JSCN.until,the &sxe.earths - eluted. (.Presence,””.,.,,.
of rare earkhe in the effluent is convenientlytested by addition of

-te ion or ammonia.) If U r= e=ths are present, --20 ml of

Dowex-1/gremof rare earth is needed.

cbromium(III) apparentlyreaches equUibriw! slowly in thiocyanate

eolutio~. It has been found
(44.)

that when Cr(~~j b removed frcm

Dowex-50cation+xchanger with 5 M NHJKN it is not absorbed on Dcwex-1

anion-changer if the chrtium solutionis not Ucwe?i to stand. If

the Cr(III) is al.10w’edtO stsnd in 5 M NFL@N it is thea stmn~~ absorbed

on D9we.x-l.IWO(-) sUg&sis passage 0: Z M NH4SCN through the Dowex-1

column to move mangsnese snd aluminumpfi-orto stripptcgamericium from

the colum with O.~ M HC1.

... It haa be- mentioned(g=’=) that the actfides are absirbed .* \
.,

D--1 snion resin frm highly ConcentratedLiCl. mere & two

reportedprocedureswhich utiJJze W separation. Separationof 1 ~

americium is bc?undto the resk tie the l-anth=m is washed thrcugh.

Crane and Eiggiis
(32)

isolatedthousendwuze quantitiesof cur5.um2~

by using 10 M LiCl~:te HC1 at @“ as eluant tiom Dowex-1. A lanttiide-

acttiide aeperatim using hot (87”C) 8 M LIC1 - 0.1 M HCI and Mwex-1 WSE

studied. The”lantheddes come thru the column tlrst; and some separa-

tion of americiumand curium is obtatied. The emerlciumor curium may be

readily desorbedby strippingwith HC1. However, operationwith Ynese

reagents snd macro .gymrbitzesof alpha+tter often suffers from the.,..,.,
,..disadvantagesof,.increasedneutron hazard fYnm the (=Jn).ree~iori h.

Lithims and the SYTUPY consistencyof concentratedLiCl solutions.

A method developedat the Canadisa CheJJCRiver Projeti by Butler
~~ ~itt(ioo) has be= used to separate- of americium ficm kiLo-

@ams of fairly pure plutonium. The bti of the plutoniumuas seperz%ed

by precipikation of the ~eroxide. A hydroxide ad f>ucrlde~recigitatiox

folhwed by anion and catim colurm tith Hcl howht the americiumto

99.5$FGrity.

Scme stiidies[’o’~have been do~e ustig molten bismuth to extra~.

amefi.ciumfrom molten plti~ium, ‘nmver, the contitiom ks cri-oed did

,not give a high yield purificaticn of smericiw-plutoniuz. An eazzl:er

report(’o’)describesvacuum fractiotitio~of smefi-ciumfrom pfi-tioniw
..>.,’”’. ‘. ..,,.

ud c&ium fi.= smeriditiusing differencesin Voht’dity. Altkcugh f~e

‘‘ek&&ental. conditions describedwere somewhat U+flcul.tto matitati,

, ., ‘this-type of separation‘may‘&ve advantagesunder some ccsnditiocs,
,. ,.

23,.’ ‘,



3. C-le:lm ..

Ckxrivm,elment g6, La the actinide ‘hmqlog of
-.. .

~. - ‘-”
Oi&e valenceof +3 h aqueoue8olutim *S thiO ~~ ~ Surtum

ac.~ - simphs to cmdder. m dher rotates, (0) d mj = ‘~’.‘“ ‘:”
..-

1. The M_%Ule State - Cd 0)

Cllrtum12e-al m been prepmed by redue.lonof w~ With Mm

metal Vupor.-)Mum Le qppreciabw less volatile then enmricim.

.. ..-.

44,ma)

ne~iesoftheti were etudiedwitheat dlfficultybecuee ~.

the radiation. The Imceoee elpha end - radlatltmac~-

(1*.5 day heLr-ltre; 7.b x 1P cK@l/mg) r=rlder~ mdwlat * with
WE isotqpe erhumdy hauamle . ~ _ mdiatlon dAO bl.ac&ue

X-IV ~ ead neceaslwtee the use of ertremelyemeXl (< 0.5mi~ )

amcmrte uhich decmesee the ac~ of cryutallograpblc~e.

Wlthh * m rev yeers, mlgr ~%n of 17:9 yeer + have
bectme avellablearidalready eme of the early @* work hae been

repeated end -ended ue~ the l.onger-llvedieotupe.

2. The Trivalat Stez.e- Clu(III)

The trivalent state of .gwriumh the anly one enmmtered in

Solu:ti . “* a trivalmt ion, curim in similarto tri~ ~ricium

(d hence to ~~ Lmthanidee) aud axhlbim ●emntielLy the q

behavior tuuard _ reagents. Fluoride, hydzUxLde,anJste, etc. m

ell quemiwative prec%piwrim . A~c=~tQf*O.fJPti
- (s0)

been detemdmed for the reaction ~- * Cm- - ~ .

me excmsively trimlent ** of -m in aqwoue eomim m be

helpful in aepemztis . However, ticmemuet~curim ~enuhher

=cltilvely triveJe3t “lantheride-like”~y, a method ati ae la ..

exchangemud be ~loyed. Qrmxp eepwmtion of actimldea (trivelmrb)

frm W-Ammldee MS been describedin detail; mlon reeti, =; (=,*)

4-,9s)
catim medn, 13 M HQ; Cexioriresin, * ethyl alcohol - eaturated

HCl.
(~e’) ~th~ - notueafore=innmcro ~bcmXe

of the effects of .Hlvlty, _, =-1(=8”) vwld ~ *

~-tobeagood~~cmthe eewmtionofcurium-the~=

For the eepmlon of ~eium wad curium, ●verel im exchmge

“tedmlques dlmeuesed h the zmcer -ticim oectim are X*.

!l!heeeare ci~te, z~te, lactate,end a-hydmxylnobutm.----
Cmada%lan-mdu-.”all”Cycbe

.eklum md curium, e.g., &e

cm Eeusedlnaeelucim

americium can be lnMm@tothe(vlor

----- ...... .... .. ”:.- .“ . .
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m.-”-- ~ TEcmmEs

hlpha elnittdngiautopse cm be de’ce3mined

tec?miqueo=d an emAJmxt s-A ~am.i= Z2-==?”’)
Wherea~alphatitGms- xmaent,ueeafcmelpha~~

in necas~.

hbotham al@aaud-mitter, ~mbedetendned bycoiant-

ing either tyxm of radiaticm. A ~ haa ~ reported(x’o)fm abac.

lu** tibrazhg such ccmnting~a. A detsild mcedx=e far

game canting americ= in ~vem 5 the follo51ng aectia.

Plsctm.uuis uasd Claaaa fcu cmrting discs ‘ratthese ~

qpeualve unLesa cleanedend =-ueed. Eovever, ~ - ~ mil scdalesa uteel

(for nltrete aoltiia) d ~w ‘diaca& in ~-use. These ~-

ba -dlacardedtier ~: une. Bk3tslplaten ‘havethe edvanz~. that they

can be heated inductively. Glass mi~copa cover glasses are used in

aaueiab~orien. Simcethey mof**a, thay mwtbe~ -

with Ulutim.

v. mrncrIo190F~ RKOIOCEEMIUL PRO~S

m~ 1

“QiisLi-Colm!mm moa!mm

.. Source: J. Buberdf, M. S. Li!v,
~ 1759(1956).

ma AM=

G. hf.Matlack, And. clad.,

. . ~-a procedure‘w developed fa tha &t~tha of &eriCiT#a -
in & “Presenceof Phrtcmiml. It t-a advaLtaged’ the fsti that the

..~ to elpbe actitity mtio for emarhiu#U in maEY tlmm satk-

then it in f= pluturchm. It cannotbe used in the prea~ce of flaalon

products cm uhere there haa been an enrichmentof tha =um dau@tem

of plmcmimm, miti”iy 6.8w PT.

countercalibration. Greateat aamititity in obtained“d.-&a -mdl-

*e acintiIkting crystei,much an Haraha ~8 lhI(Tl) cryataL,wmpl.ed ‘“

to s 2 titi mltipMer photombe (Dxmnz 62*). ti phntotube out~m,

&ieT gdxg t&ou@ B me~”iar such as the Mod&L 205-B, Attic

~ co., la led ILzo a ecalermhoae ~er aenaititity h ant at

10 Uvolta. - tkeae mndlticm sad *.+A = am3riCiUEL=z aa3@le

-d en describedbelw, a specificactivity m? .r&nm 2 x 1~ ~

countspar *te per mic~ of emericim is fomd ~~ * M= VOl:~~

for & phGtotube ~a a= tn the vi~ty cf iOOO vclts. The ~&* vulz~e

h--vary * one phutomba to &&. -TkeapecL”:c e.itiry &

27
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PROCzDm.2

2ource:H. R. Schmidt HW25$?7,(1952),#1.80(phm),
..@=& bf d, heed m mark by

H. u. ~a, w-22267,(1=), #0.10(CW), end

A. Chetham%tmde,Jr., HU4?5205,(1952),#l.&i
(phcm), #1.80(nrrm).

Wci@e aud Limit= ione. Americium is det~d in =Ize presence

of lsuge ~a of plutxmim by Cddizing * plutonium qlUtitatlve@

to the fl~de-ohible pluccayl utate end subsequentlyprecipitating

.mmricilm trmUmi& With C=ium fluorlde carrier. =~~U#

e be elddnated.

~. Pi*aueUgpot c911tednillglxl@toWd*d/m into

a3ml. ceuhMlge cone md dilute to 2 ml. vlth 2 M HW~. lhemnfer the

m to awe-bath end heat for 15*. sit&-%mC.

Add fmrdrope (250yl)of0.1 M cericeulfate lnl MH#04amd

dlgwt for 15 min. at 85-~°C. RmloWe tie”ccme and cool to rom-

~.

Add 10 drops (500 Q) uf ~ MHF which haa beeu prevlouel.ytreated

vith Cr&= and _ in a platimm c~. Digmt “h precipitate

foz 5 dn. at e t~tum, cent-, end dlacerdthe mqmmare.

To the ~cipiwate add cme drop d 0.05 M &~=, J drops & 0.1 M

~(%)a, end 2 ml. of 2 M HK~. Stir till the p-pirate diamlves.

Reprecipitatethe fluorldeoby the addition of 10 drops at the dl&ruaete-

treazed HF. l)i~at 5 min.and ~ - *f-*

Waeh the ~cipitate three timee tith a 1 M HWO= - 1 M ~ solut:m

pmtiouely treated vlth a fau drope of dichrmme. ~umy the Precipitie

29
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= cpm americiumper ml of

Gri@lai Sol-utium.

-permi Gf Gri@mai iaii.zion.

Erocedureby: E. Street

i~ ~ Time l%r sep’n: --1.5 ‘u.

EqJlprlent“+imi: 50 mi beaker,

15 d 5 mi centrifuge ccmea, 2 m

‘Ey ~ cm caticm exchangereairicolumn

------ .— .’

. .



‘ai%ilcolor per9ista.
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.. . . ~ 7 (Cowt%]

.-
2. =~-fi CmkLoted twice for 3-5 *. intervalsWI’&

wperazo Sqpal vdulws of pre~zed 0.3 Mm la heptane. m+xida-,

tion of the aoivent is acc-shed by agitezlm ti’~ - .que.l.vol-m of

0.1 M ~ + 0.1 M (~)#$#e ~ e~ =lY30ncLn. @rt Pzmorzo

Ue ,

3. The tlm Orgazlic ticti.fma m 0epm53z* scrubbed tuice for

30 sac ~ cuntact uith O.1 M ~g + 0.1 M (~)##~= ihe ~ Or

S.cmhahould balAtol-z the Vollmbeoforgflnlc.

L. The h IS t,hm re+xhacted by comtactillgthe organic :-

with 6.oM ERGs cmtdning a trsce of H&z.

5. It b iqparklt to Vaah bmh the original aqpeous (Qll SolU”Am)

mdthemre ‘-~(Amin6.0M Hm3dt?=ou@Y Vith heptane

dizectly dt= the ~ion IS mmq?letedto ca@.stely runme tmces

of Hmm.

PRooEmm8

l’moxmAI’IatJoYAmRxcmMTG THE EiEx4iiADN!rslxrB

Source: M. Ward ad (1. A. Welch, J. Chum. SOC., ~ kG38

h mst of the v-ta the percautage of aexavd.ent americium

Ins fOilOVSd by _ use & Khe %& Khd, Ildika tKhelOnt ~iCi~,

LZ is not copracipitatedon lanthanumfluoride. h a typicld experimut

in Wch * tidazion W obtaine&;* americium aolucion (cnntainhg

2 x 1~ a d/m) vaa pipattsd iato .s3-nilcent~ge tube, and made 0.3 W

with respect to nitric acid, the fhii volws beiag 1 mi. One ~ of

@ Efi-mr oitrste* and 8 dropsof 5$ ammonium~are sohziriu ~in

S.&d and the ~ was heated in ‘D9d~ vatsr for ~ min. - A f’WtkL-

8 drups of a~ auuwniumpersulfatavere added and the tube heazea for a

further 2 min. Lauthanum ~ier (0.~ mg) vaa added aa ~zrate aclutioa

and the UEtidized amerlci= copreclpizaredon laathauum~Luoride by ‘&e

Sddithl of Kmmlwllumntide Solut:on. The UmmJnilansue-de -Qaa

treated vith argenticnitrate $zet b--ore use to prevent sny re.dx+km

of the ~cium by Impuktiea in the ~uorids. The iauthsnum~--aride

w -zF5 out, then vaahed mice , and iZS 5KfiCiUM COIIZ@L

. detemln’ea by SIPk+mmta.

%Mitqrs’ Note: - -

We recmmnendG.1 M HNOg for the OXLdeki,onan~ do Got beiieve the

Sfl-” nitrate~ ia nec!~aa~ in -Xa cGddatioJ1.9ee Rce&-e 7.
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sQace : R. H. Hod, E. K. Mere, -end-Gin.HS..CD@nJam,
Emeat O. Lmrence Red#.exlollLab-wry, Uvemlcme, .
Uord.a (1959)

TkiE pocedure vas deimlopedto purify tmcer quautizieaof imt-qpem

e 13mer.chz ua curium frcm & minalra of fimiml products ad Ugtmer

actlnidea. Ko ~v.~ w mede to r70duce ~reciable ~tima d

americiumand cu5wI = - other. The isot~s to be ~emined

vere gemeraUy hn%l, A+-, and ~. Inthecl?@e c#cwim, purity

req~ ta msre such that a ~ly maealeea samplebe ~~ti -

Leas tkum 10B B d/m fra an ori@16i OarQle of Wro%lm%* l&* fia8ion&. -

The dete-zion of Amg- required addltimal de~tim m

fiHsi~ ~ct beta &ctivlty. Sam@es C~ 108 atana Qf -

Iaolazed~ a 1.5* old flsaion~ caat_-l&4 ftaa--. .. ..
..

shaved 16-liourb&.a decay over 2-3 ‘half-lins. -~-m~ ““-
the procedme, excluEiveof vohtil=tion of the _ in the H

=eP, - ~t* 75 P=c-~ The yield of “b Vol&ili=tiQn step

cenbevarled butuasgememllyd thJeorderof50Fercent. !rhea~

%Icm time for * pa-sane to - tudve aazqpleaU appmdametely ei@t

hulre.

Ste2L: EtheietiqPes to be M~am Am=% -, d+,”

-Ccl yhld traceraofisutcq~pwee amdm-madded

inthepmper emmn” Bto the unkmoun sd.utim. Care shouldk takm that

the e/e and e/e ei@xe actititymtloa favor the I.ouer

ener~ al* ~i* (**r maaa imwpe) in each mase * aid in

reeoiubion of the elpba pulee aualyaia &ta.

S-bep2: I% the unkmwn -aohrticm (USUECUY 25 nil. or less) la <6 M Kcl,

addmequal mlume12MHCl @aaafev~s16MSHOs. Letstemdfcm

10ndnukta. pour theadutimcma6m. x6 m. (diam.]Ibwexl XIO

ion exch&nge coluumwhich has be= washed with 12 M Ha contdnimg a few

drops of 16 M HNG=. CoUect the eluate “a a LO ml. cone and wash col.wm

Wth12MHCl Cmtainln g a fev drqpa i6 M KRO~.

Stm ~% To the eluate aud waah, add 1 l@-2 dropa Ia(lK)=)=a?mieT aolu-

ziau (10 mga. li3*/nil. ) plus 0.5 -. Zr* tier eoluzk (10 reg./ml.).

Cool im am ice bath md wecipittie a ~de with FiH&i. Digest,
.-.
oerctrlfuge,and vash precipitateWZth-Ukte KH#H, then H*.

- Diaaolva‘the-~de with 2-3 m-. 6 ~ ml,” ~er to
luatemid c~,l and dilute to 10 ti. vnlume wI* H@.- “Add exceaa

-.-.--- . . ..”.-. -
., . .

● -. .....

.-

% ~ ------ :“. :.:.

1320 ml.

-c.
. . .

...- -.



~ 9 @ont’d)

mlntim. Allow * ~ solution to wee into the zesln. ~uze &e

COIUUM vI* a ~ volmeof 15 MHClatazateofl.5 min./drop(*

memre 18 ~ 1 reqplred In read thb flow rate), coUec’Wng tk=e

~mperd.ture tube. Caubinetubesh, 5, end6intoa~nl. m.

Cd- M E eteP6.

step8: K evapratlngthecmbined tubes L, 5,and6 to a emll vol.me

tier the eeccmd Eolum elution, trauafer ead wmpomxe the Eolmim au

atmgstan fuament. me couatlng ale Ls pmdnced by wolatllAzlng the .

meterlellnavacmm mrto a ane-ti~ dlem3ter pletlnma @site.

Nms :

1. The volat~aatlcm is necesmmy to obtdu good resoluticm h the

alpha ~icle Ze eaal.yati cud h also = W b obzdzdng mproducfile

tits h * beta cmmtlng.

2. - hterference In the beta couutatng of J@- w5U be encountered

hthegmuth ofwl&gdeu@lter dwdphadewoft i-. one

can readily cmmct fcm W gmvth of Flpas actitity, subsequentto its

~ - the cheulcalprocedume.

3. Al- EmleriChzm—curmmBmtione found Uebg this procedxre m

ell@rt, apprec-e ~i- - OCWJ~O@JJ occw ~ * i3M g~
Douex50 column e-tap. Thud, tmce- for buth elememtamust be added If

me ie to detemine chmlcal melde of each elcmem accumdely.
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mocmim”lo

~ARATI~ UF Am Al& h I&CM FI&ION ,_Cl?S

mtimm”k
....”

Source: W. T. CarneU, Argonne National Iaborstory,Lanont,
IIJlnozE (1959)

!F5i9 repopw mmnerizeB procedures Used 8t Am to 6-IX h and h

frau highly neatron-lrmdieted A1-?u alloye. ,..

FoUowing &LsL301uticm805 the aUOy in etmngly baetc eolutiml,me

slurry is centrifugedto smte the U. of Al, ,8.8oolub~ WW.Oa,

Au the Bond residue conttiing the heavy tienta. titi reddue Ln

then dissolwd In concent~ted HC1 and eltied through an eninn exchange

resin which retdns Pu end came tmnsitia eleaientfiasia products,but

~ses the heatier”actinidesand a large ~ion of the floal~ -U.

The eluate frau the anion column is evaporatedto dryneea,“teken

up & dilute”ac~d, ~ paesed tbro&b a cetlon achange resin. hder... . .,, .,
these c=ditione the heavy elameuta- rettied & the coi&nj W, ,.“,

tith ve&ioue fission p=duct nuclides. On elutlonulth cam. HCIJ ~

bade of actl~ty m dmnsloped;the “firstend third in * d “elutlm”
..-

~“ .chmaktefizedby +7 active”fle@on products. T@ cc@=, a-

.,,+,contdne the heavy elanent fracticq.

w heavy &k@ntei “m +@w@entlw be resol~ eltk W“ I=” ~‘“‘.

~ or solvent amction te12miques. m bothcaeee kf+m.elni”cm ““”’

are ei+= wpemeted in s cwnbinedfracticm or ae Mgbly crons cmtamimte”d

lllth%ilalfractlone;howmu’ ahighde~eof~lutinn *W. .

actmdes la Obteined.

With the solvent ertractiomprocedure.Itis poeslble,to obtainAm

“ofhi~p urityfraia~ums Ofh_d~j houe+er this technique UiQ

nuh @rip the Iaat traces of Am *an impure ~ fmctim=. M fl~

..cycle 10 eppli*+e to the plq#m4ticm ofpurefracti-ar botJIAm and’
.

cm.

.. : S2nce the 13aqplesof Am and b encounteredat AIL ere princi@ly

=17.6 Y),wwisnmBdlY xby‘“~Eqt2 .7951 y) and--(~ .,

a-counthsbaaed ao a-pui.eeaualyafi. Houever for6mUamurtmof#*

w Q cm=. seqplej,FLmm p&dme’ -is cen be obtdned by Bolu@cm -
.,.,

,--, .. . ,. ...
!. ,,

‘... :“, .. . “’,!....;. “,..:..
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!. mxE.mm,lm-(@itt’d.) ,,.

,,

E$beorptionspectra.ma is becEalaethe auergies of the ti-pfu’titles

emitbdby M- ems EigrliricsultlyMm than those frm e. Thus UpoL

u-pm ~, E - PSZK=S ~ * ~-~lcles f= UM =S

L3utintheti -w. Couplea with this, Am(RI) has a Sicu&U5

6tmJngabaorPtion hwlaat5@.3 llwwhich dDesnutcQufUctwlth qof the

tibende. -mehoddbeabtitod=tact 6.43x 10%sJbi=/!Emor

2.76 x loe d/m/laby Spec-kml-0.

PRWEDURE 12

HEPAxATIm OF IWMEES mCLUD~ -CIUM Am RIRllJMFROM
.

AEEU!12R~~PII: ’,-.,”’,.: “::. ” AJM-ALmmoM ALLug
..’ ,.. .:. .. . . .

.,.
Sarce:” M. Jmes, R. P. 9~, J. P. Butler, G. Covper,
,.... T. A. E-tuocd and H. G. J*on, ~. R--, ~

203 (1956).

see Also: W. M.kg, Mm H. Studier, II. Diauortd=d
P. R. Fields!,m Patent 2,859,095 (1958).

..’ ,: J. F,.Mtler, T...:A,.E~,~j H. G. Jacks-an;
T. L. C~, M. E“.Jones, F. M. Rwrke
R. P. Schman (cmupiledby R. P. Scbcan~,,
ICI=”174 (1957), ftl’.m {m).

EmentiaIJY aindhu procedures for Bepemit5ngheavy elwt a fraa

a neutran ~ted pltionlum-aluminumalloy uere uned by ArWe

Hati- ~Z, L“&&ce Radiation&ratory (f&uerly University..: ..
of &Mfoti Radiatia L“ibom+&)”j ti~.c ~=ti 0?’~, Limited,

- =a At-c R&II” Laboratory. The scheme IS out~ed below:

(8) The illumblulu~ (-25 g) was diSHOIWd h 175 ml of 5,M

ihOH, 3.5 M NaNOg solutionin a ated.nleamsteel vessel fitte~ with a

stainlesssteel reflux condea9er. Towm5J9 the end of the reactim the

mixture was boiled to ensure cmplde soluticu. The solutionwas

c~d, - ‘the~oluble residuevaahed with IUIHsolution.

(b) The &soluble residue was,dissolvedin L3 M HCWO.3 M HRO=.

The knthauide end actinide elementswere * precipitated*at as

fluoridee&d, alter dinsoluticfnin HsBOS-HNOSmixture, i7Da.Uy as

V*S ●
The h@mxideo were dissolved.- 9.5 M H2L.O.1,M,HHOa .

‘. ““ “(d “.= lihtcdim mS”=&o=d w“F?LSS@ ~ 8Cid Sohtion throu@
....

‘‘7 .@. ~~~a .~~a”>’”” lfj&z~ ~~hSaion-exduulm’ zmsfi Collhlti. ..: D=mf - .,

was used in a,coluum”0,8’* ~ ~ &d”5 ~“l~;, the “~ ~%e vae
..~

l&p&~m, ““” . :“.,’.:: ~ - .,
.:.

. .”’..”,.., .“:”””. 39,’.. ‘“- “.



PRcElmm a (Corn‘a)

-(d The tEanspluGcdmt d-s ~ -Bai&a&l. flmon-pm5uct
:- Imlthaa:as elmelits by cation ax- UEdng~ 5q@ ~.gd

-(0.82 ai”by 20 r+ lag]. = ~ide SiZe vw sale&tedby ~ & “-

-m:~md*reshfimq”- avBteramd&e&ticel “-’’--””

vlth a seet~ raze batvean 0.75 an& 1.2 a per dn wee used. The .

elu.tion m then done ulth cone. HCl ei a flaw mte of 0.3 +In.

-(e) hdlwhhil ectlnide elanantswere aepamted fran eu& uthar

by Cazlon ax-. u The tram-curium iouhpea were aepewted fzun the. .

“-bu&&-& &b JucmaDwex 5ocolUlQ o.78c#tieuee,8.o calllmg

- a: Wc Using anmonlumtiti* (Ok M, pE = k.58)aw the ~. The

fhal aepamtlm of treua-e@um e&nidaa wme dam in -a col~ of ~

0.031 ~a, 5 cmlmg UB* white Ibuex 50, 12$ cmaa-tid, aettldng

- in mater at a mme of 0.~.60 cm/ndnJuith ~um Ls.ctete(0.4 M,

PH “ 4.9) M Ielu.en-t.Toobtdnpwea4m@eE

one o= more of at.epa (b) to (•) were repeated

.-

ERocmm 12

of eintiehium md fdum,

when IleCeaaaxy.

PR~ FUR Tm-sFmRkTIoR aF mAcER Amums or mARsFmromm

~s - FISSIOR PR3DUECS

source: D. C. Hoffman, J. W. tieI, H. L. Smith, W. R. IhdGla,
J-U, Los AJ.emoaSciemlfic Laboratory

The foU.uuhg proc- vea detisea to a~ze the tmispmcmlum

●~ta 2- day+ld flnslon product ae@.ea coamtang l&s %0 l~a

flmaloa.a.Tneae ●l=emn H mea tith yt%rlmn or I.a,u_ fluofide

entl~~de preclpltatea uhlch m mihaequentiy dlaaolvednud the HCl

ao~ime paaaed tbrougb aeveml amlon realn cole to rmma u, Hp,Pll,
andmat 0: the A&&g fiasim p&ducts (In miculei, -* end Te) ~ ‘---

“h ezkamol+cl eltiicm frm a CJWtim rash Columlwia uaea to mwve *

hnthwddea. Fkuil a~tlcm of the bdltidual ~lutonlca la acc~-

pmba by elti.lon frmn a cetlao msln comwm with ~ a-~-

Isobutyrate .~ -

Reaqen za

Y Carrlar: 10 mg Y/ml [c@ad aa Y(Ivos)s~6 H@ In HZOI

u ~: 5 x M@ [-a= ~(m~)9-6 HAI ~ HA ~“”
-a c!mdar: 10 mgZ+I [eddedw zdms)a ~ 1 Mm%]
Te carrier: 10 mg Te/ml [added aa lh#aO= IZI1 M HC1]

..—. 40-
.. . . . >;. a
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. .

8r her: lomg Sr]ml
E&oH: Cmc

HCl: o.l& 0.5M, 3M,

10 M solution I: 0.1 ml

m: Cone

[addedue Sr(NOg)a-LH@ in HaOl

Cone

cac ~~ per 15 ml 10 M HC1

ID?-: equal Volumem d 2 M mllruollei

ma: SOhltiOYl 0.006 M in HF end 0.1 M in HCl

KNOg: Cmc

H@= : saturatedeoluzim

Fheuolphthaleini.@lcatoreolution

lRhauol*Cl elutriem: 20$ ethanol - 8@ cone HC1 (by vohhae) ~ted

-vtth HC1 gee at roam temperature. (E -a cold aolutiaa b paeaad

tbrou@ a ~ti column,bubbles vUl form, dlezurbingtbe meein H.)

Zbe etock eolutl= of a-~-ieo?nrC~c acid ie prepared

(USUEUY o.5 w 1 M), ad kept r~ated to iuhibizpoeeiblemold

rOmtia. me ~d may be obtadnedfrm F~ chQi&

~~, ?Iem8rk, ?lev Jereey. Ran the 6tock eohtion, emell queu-.

titiee EU8 uit_ end ~ neut~zed with ~um ‘~de

to obtain elutrielltof the deeired PH. The pH Or tbe elutrlant

abouldbe choeen eo.eeto elute the activitiesin a c~eut volume,

consideringthe cmluom vcihnm end the epeed witi which the mpxratioo

met be nude. H 0.5M Laobut-e ti used, the peek poeition in

FCV (tie column vol- units) w be eetinmzedUrectly frcm Table I

=a FiE. 1. If~or weaker acid ieuEed, thepHc-epond2ng -

to a gives ml= activity (ee ehoun in Fig. 2) nuut be calculated,

Udn6 -b Be18tiaclmp

10”m(A-)%“* =[%) - (A-)

or

Where 1$ = 104”8

(r@ - ~-t y of CM@mxy-isobutyric acid

(A-) = ‘-icm actitity (Iacbutyrate)read ~ Fig. 2
.-..
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with

sand.

Ehck ~or iioidh.gcentrifugetubes

Fi5”&r b-mer

.– ----
A2



. . ---

mm’s fltti rode

Ptuimetirrmagrcds

Mmsfar pimtee and

. . ...-

vacuumtnxgfor~ Sqpana-tea (optimal)

M-ml conical Cmtrifwe Inlbea

3- c-cd. centrifuge tubes - –
..

154Ql polyet@@ene test ties

Icm exdiaugecolunme (fabricatedby fusing a lqfcb of gkm tiing

to a centrii%gec-- snd drawing out the tip;

6-ca X 2+nM I.D. @emn cOlumO

I.he x 2= I.D. @ASS Cd- ...

.12*x &m I.D. @asE COIUUIUS

Rocedure

w“ ToaasUquut of theeawQeti a40*ceuc~tube, add2 ..

- droph each of ZrJ-Te and ST cs17dersandlarup of Ycszm5er. using

eme~ ~=o=, a~ ~~ to m~pi*e * Y(M)9. C=rti-m,
dlacard the mpemde, and vaeh the ~cipittie tslcu FAth 0.5-1.0 ml H@.

step 2. Dissolvethe precipitatein a ~~tofJMmd

t~es to a @ywthyllene tert tube. M.d2&ope cmc HFper allof

sol.ut-. (If the solutioncmtaine a kge mut of Fe or U add HF

to decoldse the Sol.utiml,them 2 drops pmml in adaiticdl.) Let the

soluticm utaud for five minutes, centrifuge,dis- the ~te, aud

wash the precipitateuith 0.5d. o? the 2 M EF-2 M HK09 solution,

Ste.i~. Dissolvethe fluorideprecipitate‘byadding 1 ~ saruzzted

%%J ~=J ~ ~ add 2 ~ c~c EC1- ~s~er tie SO~L~i~ ta

a k= glass centrifugerube. Add 2 ~~s s? CaTTiST sxitithen boil

-the dsrtizm briefly. ~cipitate the Y{OH)~ vith KE4CEI,cemtrii’uge,

dlacsud zhe supamate, and wash the precipitatetutce wlzh 0.5-1.0L

F@.

Steu L. Ilksolw the ~cipitate in 3 ml 10 1.!Xl. Add 2 drop ctic EKO=.

%3uefer the aoluticmW a 5-cm x 2- AG 1 scion resti cot- ‘~- ‘has

be= ms%sd with seveml column volumes of 10 M ao~dtton Z. Push =-krOUG5---

Vith presm . After ~ i 3rop eti of Zr and Z’scazzters,WS &

Eoluticmthrou@ mu addititi lo-an x a-ml -Cm coi-~ which hve

also be= tremd vith 10 M SOkCiOIl1. Wash the centrlff.e.tube smi

tm sU three colums in successionwith rvu 3- ponicna of 10 M

‘-Salllzltm-I. (The smsll column C-AS the % W* M be W.-’--S .--

- -@. tie proc&dnre described& LA-l= .)s ..

= CoUeczed RsdiocbauicelPracednres-,(Radioch~~.~ GTOUZ J-U;, ;.
Kletiberg,Ed., U-2721, - Ed. {ig>~j,$~’O CC?I’Sl-.
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.,. - ,. ...’ . . . .

. . ~.li?”(cont’a) “:., ....” ““”““ :“
..’

. . .
: ..

wsp5. Add NE@ to the cc&i&d iO M eb~ub~~ $.$racti~, to ~Ci@t& “.”

“::.’ r(m)= . Centrifuge’,disc@L the su~tej: ~d,.~~ %” PrecZplts$zi“twisb,....-,.,..
:,,~thO.j@Ii#. : “’,,; “,-: “:,.,,.. : ,:,’,,.“,:.,,,:.... ~: .,..

. .

.. .

..

,.

,.

.. . . .

,.

ste-i6. Eissolve the,precipi’~teb a +.@mn _ of O.l”M Ha ~ ‘.~”’, ....
pass the fJo&on through a l-&” x 24mll& 50 Am Msti Colizml,whml ““
h= be- P=tiow31Ymshed with swversl CO1- vohnu+.,of”O.1 M ,HCl. ”” “““

Waqh the ,col~ with 1 ml of 0.1 M.ml, .-Au 2 zl of,the O.ti M HF-0~1 M

EC1 “soltion; sad fin- 1 ml’0.5“MHC1.* ... ..

Uskg a trsasfer pipet enfiFL miclmtmStq) 7. of H&, transfer the catfi:

re.sia - the l+m colmun to the top of a i,2-cmz 2+um ~“”,50 r+n

Cd- u@& kas been pI%?tiOU8~ washed with seveti ~ ve&s d k

et&nol-ECl elutrxt ~ Eter the resin has settled,withdraw the”excesin

E@ end -h out the”colmm abo& the ~sin with B smui& por%lon of :

ethsnol-xc!l. Elute the,actlwltywith the 2@ ethsnol~~ tsolut~ us= “.,.-..
qicient premure to”@ve appra&&ly 1 dzlwp~ ,hs“0icGndt3.

Co”tiect+he ,de6irF@*tiL&* in a:&& centrifuge*:. .-(See Fig..3),“”~,,.

step 8. FWe the tube cmtsblng the smnple in an oil w utema”bath.

‘ppz&hnately 0.5””ti~US* E st~ of air-~”the “. .,=“d eve~te to a

kcr@un& Mt=te .,,:SOiUti@& H. -M evapfxmi.icm is desired. “,Add a drop @

solutioo (5”~ La/d) ;~~d _ti, the EIsm&s““tqq 3ti tit- cone:.

The ?kosl Oolut~,&uld. consM of 1.5,- gf,2~” MHQ.: “,,,,,.,-,,., “,;,,;

+* “9* *cipZtc& La(&) ~”ulth “~”&m ““&ule” m: &&&*e” “.;..::;.

aamlmniumhydroxide. Centrifuge,t&3cszv3kt% -- * mtita%q
.,.,.

Uith 0.5 ml of water. “’

Step 10. Diss~vs the precipitatein a few.&&m of OJ. M ~ snd

eq@J&brate this aplutim with B qu&tity of r&n tich in d &h””,, ..-.
respect to the sis43of the cti. For exam@e. if a 15-= column. is ““”-

...”be.~used. 2-4 ~.of.the resin my b& ul$l&rawn~th.O.l M HCl”~ used. ,.,.
.,

for the eq@lLbra%Lon., Trensfer the sl~ ~ ““’t“o:the Colum

r&smo~* md alluw “tosettle. Ui~ the sqpernatsmtllquid and .dimard.... “,.
&“+ .p“. htrod@e c&fl.il& sev&%l ml of the “dutriwat.;so M @ to ~~

;;&s&b the active””bm at the t~.~ & colu&. =-*

p=mure, if necessary,to produce a ~ ~te of a“drop.+ i+ ndnutes.

(kSSLre “w M spplde~ ulth a U&ml _ fltie~ with a,~ba it-,

..~“m The small cati& “colmmnw used-asmm”~te~tivs & equilibmiting
..:.”. tiwasb5ng ti, resin in atest” tuheandthau”.,.. ~-a resin” ..

to the top o~.%e column. It seaned to be mre rsptd, @vu butker
.decfm~tion red’”neusaiwate Ieua *et ~’Qf’’Mle nsther .“hot”.

.“ ,..qqutb. ~~.......“..,..: “.........;,.,. .....” ~.
.:

,.
f EsseutislQ no Bepmratiqnof ~ ,agdG was ,obs~””jn “these”atheaoi-

.. .:,~Cl e~qt~m’~:11>.~ , ..... -“ ,.,’., .. ,..,.;, .. .. ...‘...’. .... .. . ..””,...’ . .... .
i.., .”“.”;’:..,,.., ,... .. .. ......- :, .. ...,.!

.. .. ,. .“;. ,.,..,;..:.. ...
‘.. . ., . .

.“ ~ :..,,.... “,, ,, ,, .,”,:-.\ .:.. ,{ “, ““’i,..

.. ..



. . ---- ~-12 (bid)

or, - Cmmnimtw, * a pressure -Ctiou valve wtkched %0 8 Saurce

of ~ssed air.)

step E. collectthe ~ dropuiae on platinum plates or in l-ml

beekere. Aaeay alJ.fractioneemd c-tie the ~o which c~riae a

peak. m additionalchedetry 10 neceoo~, the -7ra%e w be deotmyed.

by uv~zing the emlutZon to dryness, then deemoying meidml organic

matter with dtric =a pembkmic acide.

. .

ImllMnt

m
Cf

Hk

b

Am

h
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m
Er

Ho

(cm - 1.0)

Rehtive Peek Poeiz;on
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1.00
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m
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---Yb ELuTION POSITION SHOWN TO INDICATE RELATIVE POSITIONS Yb
OF HEAVY LANTHANIDES (NOT PRESENT IN NORMAL FISSION

--.,#

PR(XXJCT SOLUTl~ )
!

#

-—Rh Wlu APPEAR IN THIS POSITtON AS CONTAMINANT IF NOT 18 -

COMPLETELY REMOVED EARLIER 11
!1 Y

/

Rh
?1

/\ ~-”--~

:

/
Am-Cm :

i’

;

/.

Ct /1
/) -.

/
,/ .

,/ -
,/

0 I 2 3 4 5 6

FREE COLUMN VOLUMES . - ‘-
,’”

Fig._3 a Ethauo14xhuTd=dHcl Elutims - M *X% G3tim web
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REPARATIONOF AMERZCIUMAND PROMETIUUM

Source: R. S. HS.sly, ORIJL-22~, T~-4500, ( 1957), @,80
“’(.ph m), $L80. (ti OTS). . . .

see Also : S. G. Thompson, L.”O. Morgen,R. A..”.Jmnes,and
1. Perlmen, ‘?T?’heTramuranlum Elem-ts, ” NNES IV-14B,
McGmw-Hill Eaok Ccmpany,.fic.,New York, N. Y.,
1*9, pp 1339-13fa .

A method for the s~tion of p?xmetmm Cc’cmamfaxiciumhas been

developed

selectively

heating.

. 1. To

curies/ml),

H&iFe .

AIuericiumremdns solubletie prmnethiumfluoriti is

precipitatedfrm a solutionof 3 M hydmfluosiUc acid upon

approxlmtely 100 ml of 8.o M EINOg solutionof =47 (--0.5

H#W= solutionia added untfi the rcZcbma IS 3.0to 3.3 M

2. The solutim IS heated S1OV1Y to boildng and boiled slowly for

approximately20 mln. The H#l’6 decmposes to give -fluoric acid

and sfliconfluoride. Both m volatileand the excess of eac”nis removed.

Americium 1S more st- c~lexed by Sfle= tti is Pmz47. The FinL47

“~cipitates Se.Fi@ ,.

3. The ~ul.sr precipitatesettlesrapidly and the “supernatant

~iquia is centrthwsd to remove the precipl*%te. The precipitate is

washed with 50 d of HzQ end the water rinse is added to the superrmtant

liquid.

4. Fifty Wfliters of sat=ted boric acid solutionis added to

the centrifugetube to slurry out the precipitateinto the beakers con-

tain&g the bulk of the precipitate. The elurry is a@tated and heated

to approximately80”C.

5. F~y millilitersof 16 M HNOS,is added, and the precipitateis

heated to boilimg; the precipitateis dissolvedand .smiall amount of

SIOZ is precipitated.

6. The S102 is centrifugedout and the solution is saved. The

volume is reduced to . 100 ml by boiling. Tne solution is now 8.0 M

HIi03 and 0.4-4M &I!J23.

7. Steps I through 6 =e considereda cycle. This pmcedxe is

repeatedthrough appmximtely eight cycles to decontandnateto the desired

factor of -200 alphi ctits per Witi.e.

8’. TO precipitatePmF= and AmF3, ST is added to the Ii#iFe

:Snpematant Unt”tlthe Sollitionis-3.0 M. After three cycles approximately

.15$ of the americiumis let% with the Ra147 product end 85$ of the

americi~ b in the H.#IFe iupematant waste.

49



W. G. Srclth, W. M. Gibson ad J. M. HoUader, Phys.
Rev., ~, l!jiL[1s57)

. qimem= are describedb:

AEC-TR-~~, G. I. Ekle-bnikovend E. P. Der~ov,

RDc. fitn. Cmf.
~ 369 ( 1956) .
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PaasEltnlP~ s-lQ&O* -AR. . . ----

2@%&l.umHydxoxl-. de Solutim -Flace40g ofeodiumh@rcdle

(ma - AR, pems) in q)pmdmat~100tiof~tid urber and ‘--

dissolve . htlx, CCd, cad mske w the ~m tO 200-.

lCG nil& distilledwwta. PE renge: re&, 3.1- ~ wllau, kmh. .

A510rdum rutrnte - KH#ag - AB.

T!cA Wllzim - Dinmolm 50 g of 2+theoqlt#l~

[C&O&=, “lTA”, k, 4, 4+iflwre-1-(2+M en@) -1, 3-buteaedlmelin

up to Volwm Ulth tolJlene. Store iaabmmglaee bottle in the dark.

Pmeedxrre “-.—–

1. DWJOL= 5 g Of ISIITJWIUIUtit=tO h 200 d Of di.dwa--” 5J-S -“

Loo ~ b~~ .

2. Add50El ofemslonlum~de tothebeskrendu:

3. ~fer %& Eoluctcm%0 four * ml centritt Ixibea.IUnee the

beaker with distiJMd water sndaddthe~to*~sto @m-

ewsl vohimes. Centrifuge it == f0r5Edmtem. ~m

a~wm-t fluid.

lb. Add -C . nitric SLCM, with st~, to Tube 1 -U - ureci@~

b -Ju6t dlssolvea. !Rmrmfer the cl- solml- to Tube 2. I?lnee Tube 1

wilh2t03ml ofconc. nitric acidendaddto Tube2. *Endadd_C.

nitric acid, with a -dlcbe ~, if necess~, until the precipitate

Is $$e: dlt3eolved. ~erthesolution tomlbes 3mdhtitb-
~. Ransifer thecmbined solutiomti mibe4tomr0m90ml

cant- tubes. Dim the solution%0 @ve equal ~s. -

!hlbekvith ccnc. nitric acidd addthevwlhing stathetuoms of

8oJ.utlorl. ..

5. Adddlstilbd vatertoeachmibeto gLveawO1ume aC40niline8ch.

Add ~lm ~ to each tube until a preciplt.ste Just -.

6. MdbOmgof ~umnltmteaudl tiOfOO~~ ~ Solutia b

tit ibe, mix, d let tifm 3omlnutes. . .. .. .

. . -.
:.% ,...- -- -:.;.. “

---- ~-
--- . .....



---- . .. . PEKEmE8 15 {COm‘d)

9. Add25tiof~m~ti toatie. -,C =&a%

2000 ~ for 5 tiutee, and disc~d the ~taut Sol-dlall.

10. Dleaolve each precipitateIn 5 ml of coac. DItrlc acLd and heat ta

boU.ng .

U. Add 20 mg d pot-aim pe~anganate tc each tube.

X2. NeutnaUze the eolutiollawith 20$ aodim b@mxlde toa~of8

uelng Hydrion wr for the Indlcata.

13. nace the tmbes in a vater bath or aaud bath at 60° to 90”C for

.lhcmr. (A_mX-wdforWs.)

U, Addenough conc. nitric acid to@= apHof6t0’7 tith Eydrion

~er. COOl the tubes with tap vater emd centrifuge at 2-XX3 ~ for 5
-mh.rtee. Pour off the fmp-taut aol.ution into one cle= * ml ~

ttie. MscaA the dwrk ~cipitete.

15. Dilute the canblned solutione to 50 ml. vith diet-d inter aud add

3ollllof~um~. CentrMuge at 2000 rp for 5 ndnutea.

ItLs- the elqernatentSolucian. The pmcipitaze shouldbe naarly white

at tbla etep. E the precipitateie a dark brawn, dissolvu in cone.

DItric acid, heat to boLUng, end cautrif’ugeat 2000 IIZUfor 5 mdnuteta.

Dlecti any precipitate*t remdna end pz%ceed vizh Step 15.

16. Msaolve the precipitate in 2 to 3 ml CU cac. nitric acid ad

mute to 30 ml Vith dlst= V&r. Wut-ze the s--la tith

~um l@roxide Ueingmethylmm M the bdlcator. The indicator

will cbemgefrau redtoonmgeat apHbetveen 3.1and 4.4.

17. Add 5 g of emonin nltmte. Stir umtll diaeolved. B maybe

~necemaeccyto let the eolution at~d for a f- ndnutes mtil the amnoctuu

titrate dieaolvefi.

.18. !Ihmfer the eolution to a lJ25ml Squibb aeory funnel. Rlnee

the tube vlth 10 nilof distilledwater aud add to the solution b the

funhel. Add 10 ml ~- TIM Bolutlcmand ehake f= 25 ndnuteflwI’% =

awmnatic uriet-actionshaker.

19. Let the soluticma-d *II. the phaees a~te (app~tely

mimmes).

20. Dra”a the aqaeoua solution tito a cleen ~ ml cezwrlfugetube =d

add20ml ofemcmilnu hydlmYldem Drein the ‘mA Solutim and tiscue.

a. Ce.mcrifugeat = rIZUfor 5 mimu%ee. Disaxrd the snqema-

aolutiti .

&. M 10 ‘ml of ~etLUed wet-- to the precipitatein the tube. MIX

-to UEMX the precipitate, centrifuge for 5 dnutee at 2000 ~, and tiacerd

the Vaeh 1301uticml.
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PEcmmiE la (Corn ‘d)
.. .

5. P&eenmillilitersof distilledv&r la added te the bs~, b~

to a boil, and added zo the ❑dlution in the centrifws tube. “Thisrinsing

in repeatedwith enuther 15 nil portion of dltil.ed u=er, @* =

appm@mateti-aC55zo 60mltitJ=*_ tube.

6. -~ at 2cx30 ~ for 5 tiutes.

7. Gmrlm.y trmder the aupemmmt Solutim to s 150ml b’cake
Cdxdldllg 2 ml of n~ -ei sulfur dioxidewater. “~s t~fer nuaetbe

carefuUy effectedmince any insolublenvatti will be csceiedthrn.qh

* emtfi prdce~. The euJXur dioxide la added =0 emnc= reductionof

auy emericim pmseent to the trivalent etate.

& jidjuetthe pH of The acid salt ml~-ti in the beti to :.7 by addbg

5N sodiumhy&adde solutiani~)e. stir the Solutionwith a qetic

-et.~ Ubile adding the hydmlddl?. The Eecknam PH metex, *W H-2, is

uad to detendme the PH.

9. Tmnefer the oolutianin the beaker to a secand ~ ml cemLrifugetube

quantitatively end phe the tube in a coEstent-tmpsranue oil bath at

w to &“cm 8tlr mechaalcallyat a ~te epe-~.fm iO to 15 dmtem.
10. Add1 d biewth nitrate sduttm and1 ml of C~C, phosphoric acid

to the Solutionand Contimuey intheoil hethforl hour.+

Bi- - m4 —> M m4
Il. Remve frcm the ofl bath (tipe -ce~s ofl off * ~bes) ~d

centrifugea~ 2000 ~ for 5 ndrnrtes.

12. Discard the elmernatanteolutim and break up the blennrchphosp-hate

precipitate‘#.tha fine 13treemof distliledwzter. I.%ansfer the gncip-

itate to s LO nl ~-%e cone with repeazedvaddnge until the voluam?

‘Isa~te* 3U~.
.

13. Ceatti.@e at 2W ma for 5 dmutes and dlace=d the euperna=-.

Cazehluy.

IL. .Rlnee down the ~ mi centrifugetube ‘tith

acid end 2 ml of dimmed vaze=.

15. Add E-his Ulute hydrcmhloric actd washhg

diasc:= the precipitate~ltn ~tle mclrling.

2 ml of cone. -hya-chicric

to the precipi=a~e ani

If tie prec<?izaze Sims

not FEssolvereadily,add cone. hy&wchiorIc acid -iae lmtfi aolizi.m

is ccmplete.

16. To “k dissolvedPreclpirare add 0.2 ml of iantlwnm alt=ate soi-rtton

aud i.ml cf cone. hy&ofhmic acid. If the aoluticm1s r@bi&, ati mnc.

*“ It is obtioue At the ftnei PH,
tid ‘pho~htic acfd, ia-nm L.7,
PH ~tment %0 1.7 befcreTdziE
yielEof amer:ci-dn.
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‘hydmdloric acid -me umtll It cheere. Let tired for 5 ndnutes(not

less steel plata by elmryi.ngwith dletilledvater.

z. ● I&y the plate st law heat on aa alertficM pi-ate=mvemd with m

mabeaos psi.
22. F3mne ‘b dried plate To red heat with a WrmeI an~ count the CL*

6ct lti-Ky %ith a lo’W--kck&Xcnma propmEiomL cmnter for 320 mlrmtee.

(Ihe low levele of amrlelum encounterednficeasitatetie Q counting

the.)

23, Report the reaulte ee Um/aeai@e:

&.~ ‘ d/mJaau@e

Theefficiencyoftheal@a countcre ueed at LFiEL la aemm?d to be 50$.

———_______ ..______ .- ..- .. —- . . .
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