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Abarrast - An anelytlsal methed was devaloped for the redlochemlosd seperetlon
and guantltatlve recovary of ruthenium, zireenlud, nlobium, nRepburlum, schalt,
ireon, zine, Etrontlum, rere earths, chromium and ceslum from & wide verlety »f
natural materlele, The method t2 bassd on the anlon exchenge propeptles of

the varicus radicrnuclides although both ion sxchange snd preclpltatlon Tadh=
nigquas are incorporatsd, Voelatilizatlen 1 wessd to eliminate ipdlne. The rem
agyery of the individusl isobopes is graater than g with z etendard deviation
of TH¥, The devontemibabion facstors fer the individual redicnuclides ara
greater than 1c“ for gll lon ercharnga Esaparaticns end grezter than 143 for

ghavimetris Esparaticns.

Introduction

The anslyszis of procesa, gtream, send river water along with vegeta-
ticn, scil and blological sampies is complicated by the large mumber
of diveree redicmuclides that mey be present. TIn all gmess, Inters
fering setivitles must be reduced by a factor of 107 ar greater with«
out saerificing the guantitetive yileld of the ilndivlidusl radignu-
glides, In most cases standard anelytical-inorgemic methods are not
directly appliceble, because indlvidual isctopee are present ln mi-
orogram quantities, A scheme of srelysle was sought which would
separate the common longer=lived iectopes in high yield and sloplify

reutine anslyesle.

Ten exchangs was shosen 88 it appesred to expleit the mwaximan 417-
forences among elsments, offering guantltative peparetione with min-
imum croes-conbamination. Ion exchange technigues cover concentra-

tdons ranging from mierogram to grem guentlties per milliliter of



golvent depending only upon column capsalty. Anlon extchange ig
preferred over catlon exchange beceuss of its high selectivity for
complexers of most of the metals of irterest, Additicnel?y the ef-
feotive operation of the enion exchange resin is not hindered by
high azld concentratlons nesdsd for sample preperation, Whars an-
ion exchenge technigues were not fearplble grevimeirle separaticns

smre ueed [Flgure 1),

Experimental

Apparatus

P Miilipore Fyres filter holder,

® piillipore filtera, HA type, (47 mm. (Millipore Fllter Jorg.,

Watertown, Mass. ).

® Ion exchenge columns, L7.0 com. long, 0.9 cm, inside dismeter,

with stopeock end BO-ml, capecity reservolir.

® Saxple viels, Celluplastic Corporation, pelystyrens, 3" (ID) x 2"

high with frietion polyethylene cap.

@ Zointillation well oounter, 12" {D) % 2" theilium sctivated sodlum

iodide crystal with a 5/8" (D) x 13" central well.

& Sealer, Tracerlsb Model CC-10.



Raupenis

Carrier Bolutiong, These are not standerdlzed slnos nearly guana

titatire recoverles mre cobtalned and grevimetric yleld determina-
ticne are nob regulred. Chemleelly pure reagente were ussd to pre-

pare the followling.

Boluticn

Carrier Joon Concentretion, rug;"m.l. Bolute¥® and Solvent
pu it 25 RuGl, BHZ0 in HgO
Gyt 10 OrQly+6Hs0 in 1N HEGL
Fatt+ 5 Felly«6HpD in HgD
Cott 10 Callp*6Ha0 in 1K HOL
cet 1 CalQy 1in Hal
Cat+tt 2.5 Ce{N0y )5+8H20 in 1N HNGa
nptitt 5 KellbgO1m ' 16Ez0 in Ha0
Batt 20 BaéNUE}E in Hz0
gt 20 Sr{N0g }o in Ha0

# Beapent grade materdsl vsed whenever preslible.

Breclel Soiutlons. Tetalls are as follows,

® Zirconium carrier, B0 mg/ml., Welgh 4.7 grems of Fr{ODs)'6HgD
ot B trip belence, Trasoefer to s 100-ml. volwmetric flaek.,  Add
digtilled water to dlesclve, then dilute to the merk., Mix thor-

cughly std transfer to e lebeled polyethylens bottle.

® Zirconiun carrier, 5 mgfml Repeat the ebove procedure for meking
a 20 mg/nl. zirconlun carrier solution usging instesd 1.8 grams of

ZrCOLas BH-0.

® Thioecstemide, 0.2 g/ml. Welgh 20 grams of thivacetemide on a
trin belamce. Trapsfer to & 1O0-ml., yolumetric flesk and add ap-
progimetely 100 ml, of slightly werm dlgtilled water. Mix thor-
cughly, allow to cool and dilute to the mark. Traoefer to a

laheleg reagent hottle.



& Thoephotungstic mcid, D.05 moler solution, Trenafer the contents
of a freshly opened 100-grem bottle of phosphotungstin acid (Bset-
men Kodek), FoOg*24Wlsr44HsD, (mel, wt., = 6500 g.) to 8 SO0-ml. grads
uated oylindsr. Diesolve 1in dlstilied weter and dilets to 300 ml,

Mix thoroughly and transfer to a labaled reagent bottle.
® Fumlpg nitric acid, ACB reagent grade, 95% nitric meid.
# Forle acld, eatureted solution in water.

8 Ammonium oxelete, satursted selution In water.

len Exchanga Celumn Preparation

The ipn exchange oolumn, a 17.0 om. % 0.9 cm. inelde dismeter gless
tube with & 50-ml. reservelr at the top, i pecked te a 1l3-om. helght
with & thick digtilied wmter elurry of Dowex-2xB, chloride form, 200
to 400 mesh enion exchenge reein (Dow Chemieal Co., Midlapd, Mich. ).
The resin is allewed to Bettle in the colwm and the excess water 1s

removed leaving anly encagh weter above the resin to prevent drynese.

The reain is previcusly clesnsd apnd sized by weshing with dietilled
veter alloving the resin to gstile out, This cyole is repested

geyeral times, Folyethylene shavings are used as a support for the
resin bed vherever solutione conteinlog hydrofluoric acid ere LeEed,
Either preggure or veculm can be epplied to the columne to lncremse

the £law rates of the solutioens.

To change the Dowex-2¥8 resin colwm to the hydroxide form, pase
150 ml, of M scdlum hydroxlde through the resin bed fellowed by

200 wl. of dletilled water,



$Sample Preparctions

Water pamples are evaporated to dryness snd dissclved in a solution
of 3% hydrochlorie acid - Q.1 hy@rofluoric acid, If complete eclu-
tion of the sample is difficult, the eample 1a digestes with 3§ hy=-
drochloric acld - 0.1N hydrofluoric acid on a hot plete and svapo-
rated to dryness. The sample 1= again trested with 3N hydrochlorio
acld - 0.1¥ hpdroflucric scid, Piltered, and the residua discarded.
Mud samples are trested directly as the insoluble residus from weter
samples,. Vegetatlion and hiologlesl mamples ave First Fired in &
muffle furnace and then the ash is dissolved or leached with & 3N
bydrgghlerie aeld - 0.1F hydroflucric ecid eclution &5 the insoluble

resldus from water pamplas,

Radliochemical Procedures

Futhenium Separation., Tremefer s 25«ml, aliguot of the 3N hydroe-

chloric agid - O.LN hydrofluorie acid solutlom to 8 §50-ml. conical
centrifuge tube. Dilute the aligquot with 10 ml. of distilled water,
add 1 ml. of & 25 mg/ml. ruthenium carrier soluticn and 1 ml, of &
2,2 g/ml, thioscetemide solution. Heat the semple in & water bath
until the black preelpitate setiles. Filter the solution through
an HA Millipore filter using firat BN hydrochlorie acid - 9.1N hy-
droflucrie acid and then 95% ethyl alechel as a wash., Trenefer the

filtrate to & 150-ml. bemker mnd evaporate to dryness,



Ruthenium Eetimaticn, Place the filter in a EQ=ml. Erlermeyer flsak

with the precipitete mide down, and diseclve in 4 ml, of concentret-
ed nltric aeld by applying heat glowly. Eveporate the slurry to
dryneas end ash, &Add 5 ml, of conecentretsd hydrochlorie aeld end
sEeln evaporete to drynees. IDMeeolve the regidue in 25 ml. of 3N
hydrochloric acid - O,1N hydreflucric scdd solution and 10 ml. of
distilled water, Add 1L ml, of & 5 wmg/ml. soluticn of zirconium
parrier, 5 mg/ml. solutlon of niobiwm carrder, 10 mg/ml. sclutlon
of chromlium carrier, and 2 ml. of & 10 mg/ml, ecluticn of cobalt
sarrier. Precipitete the ruthenium by edding L ml, of a 0.2 gfml.
thlpacetamlde splutlon to the sample and hieating on & bhot plate at
g0°C, VWhern the black precipitate settlee, filter the soluticy
through so HA Millipore filter ueing first 3N hydrochlorie azid -
0.1N hydroflucric acid and then 5% ethyl alcchol as s wesh. FRe-
move the Filter from the filter epparetus amd cenfer it on 2 steine
less ateald dise. Cover the flltsr snd disc with & 2-inch plege of
cellophane tape and cbisln & beis count in order to determine m-
thenium=-103 plus ruthenius-rhoditmelss, Discerd the filtrate

soluwtion.

Strontium Separation. Add 1 mt, of a 20 mg/ml. steontiun cerrier

golution, 1 ml, of & 20 mg/ml. barium carrier sclution, 1 ml, of &
! me/ml, ceslum cerrier solution, sod 1 ml. of & 2.5 og/ml. cerium
garriser solutilom to the residue frow the ruthenium seperation steyp.
Af'ter evaporating the sclutlon to drynese, edd 2 ml. of concentrated
nitrie acld te the resldue and guantitetlvely transfer the slurry to
& S0-ml. conleal centrifuge tube using 25 ml. of funing oitric eaid,

Oool the golutlon under cold tEp waker end Jet it satand 15 minutes,



Centrifuge the mixturs and quentitatively treanesfer the supernate
to & EQ-ml. besker. After weshlng the precipitate with 10 mil. of
funing ritric mcid, centrifuge the mixturs., Combine the wesh with
the pupercete snd begln eveporsting the solutions 0 dryness. Ile=
sulve the prepipitate with 2 ml. of distilled water, add 1 ml, of
% 2.5 mg/ml, cerium carrier poluticon followed by 25 ml, of fuming
nitric acid, and coocl the eclution wnder cold tep water, After
ellowing the pampie to etand for 15 minvtes, centrifuge, and guane-
titatively transfer the svpernete to the combined supernetes of the
firet praclpltation. Wask the precipltete with 10 ml. of fuming
nitric eeid, centrifugs the mixturs, and ammbine the wesh with the
previcus supernates. (Record the time in ormder to correct for

yttrium buildup.] Eveporate the combined supernates and weehes to

drmmese,

Etronmtium Dstimaticn, Ddeeclve the precipitate in 10 ml. of dia-

t11led water and 244 to the solution 1L ml, of & 5 mg/ml, irom .
cexrTier sclutlcn followed by 1 ml. of concentrated ammonium hy-
droxide. Centrifuge the mixture and guantltetively trensfer the
supernate to a S0-ml, eobdeal centrifuge tuke., After washing the
Precipitate with © nl. of 3IM smmonlwn bydroxids, centrifuge the
slarry end combine the wash with the supernmte. Bewasgh and digcard
the precipitate., (If barium-~14Q is suspected to be preaent, igo-
late it at this point uedng o chremate separetion,) Heat the com-
bived supernates to Bolling and stdr in 2 ml. of saturated ammenium
sxelate solution. Heat =g=lin to bolling snd allow to otand while
gtirripg occaslomally for © wmlnubes withoat spplied hesmt., Centri-

fuge snd discard the supernete. Quantltiatively transfer the



strontiun preclpliate to & flamed stalnlema steel vlanchet with 20

ritric eeld and count immedistely on o Gelger-Mueller counter,

BFare Earth snd Tttrium Separation. Add 5 ml, of dietilled water to

the residue from the strontiunm ssparation step end heat to diesolve,
{if the residue does not completsly dissolve, combtirue on with the
anelysis eince the mdditicn of the 0,2N swlphurie scild = 0.6 hy-
drefluoric seid mixture will bring 1t in solution,) A34 L wl. of

& 20 mg/ml. zirconlum carrier sclution followed by 5 ml. of &

.20 sulphuric seld - 0,80 hydrofluoric acid mixture to the sample.
Af%er allowing the ssople to otend 15 minutes, guentitatively trans-
fer the mixture to a 50-ml, conlcal centrifuge tube using 5 ml. of
a 0.10 pplymirin aecid - Q.30 hydroflueric scid sclutien, Centri-
fuge the mixture snd pour the supernate directly on e previouwsly
repared Dowex-2 reecln column washed with 15 ml, of & C.1N sul=
thuric acid = 0.3N hydrefluoric acld solutiom, Wash the precipi-
tate with E ml. of a 0,18 peulphuwric acid - (.3N bydrofilucric ecid
golution, centrifuge the elurry, exd edd the supernate direstly to
the resin column. Rewassh the precipitate allowing the combined
supernates sand weaehep to pass through the resin oolumn into s

100-m1l. besker,

Fare Eerth and Yttrium Fstimetien. Dissclve the precipltete with

2 ml, of satursted boric aclid and 1 ml. of nltrie moid. Quantita-
tively tranefer the golution to a 100-ml, lusteroid centrifuge tube
uelng 2 ml, of & 10 mg/ml. sireoniuwn carrier solutlon and 3 ml, of
diestilled water. After the mdditlem of 15 wl, of 7B hydroflusric

aeid to the sample, let 1t stand for 15 minutes; then centrifuges



the mixture and dimscerd the supernate., After weshing the precipi-
tate twice with © ml. of SN hydrofluoric scid, edd 2 ml, of 2N nia-
tric acdd to the precipitets end guantitatively transfer the slurry
toc & flemed steinlsss steel plenchet. Count the ssmple on a Geiger-

Mueller sounter immedlately for rers sarths snd yttrium.

Zircoplum-Iioblum Ssperatlon. Wesh the resin by edding 40 ml. of

0,1 sulphurle emeid « 0,38 hydroflucrie eseild solution in B-ml. ali-
quote to the column and combine the wesh effiuent with the =anmple

effluent, Ceuticusly evepcrate the combined sffiuvents to drymecss.

Eirconlum=Nicblum Estimsticon, Elute the zirconlum and nichivm freom
the reein with the edditlon of 50 ml, of &2 AP hydrochleric seld -
0.5N hpdrofluoric acdd soluticn to the column, Collect the effluent
in & 50-ml. hesker, evaporete tha aolution to a 2-ml, volums and
quentitatively transfer 1% to = %" (ID) x 2" high polystyrene vial
with distilled water. Adtuet the volume, a=al, and mix thoroughly

before counting oo s game eeipntillation well counter,

Heptumium, Cobkalt, Iren, and Zinec Ssparetdion. Dlsaolve the regidue

from the zircdnivm=-alobivm=-95 asparetion step in & minimum of cone
centrated hydrochlorie scid with the addition of heat. GSuantita-
tlvely transfer the solutlon to 2 previcusly prepared Dowex=2 rTesin
column, washed with 15 ml. of conceatrated hydrochloric acid, and
ellow the molution to pass through the resin cclumn, collseting the
effluent in & S0-ml. beskmer. Wash the resin by the addition of

40 ml. of ctmeentrated bydroehleorie acid in S-ml, aligucts, and
ectibipe the effluent with that of the semple, Fvoaporsie the com=

blred effluents to drmess.
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Heptuniun Estimatlion. Elute the neptuniws from the resin with the

addition of 40 mi. of &.5N hydrochlerie ecid - 0,6N hydroflucrip
acid solutlon to the colwmn, Collect the effluent in s S50~ml, heak-
8T, evaporste the solution to & 2-ml. volume and quantitatilvely
transfer it to a 3" {ID} x 2" high polystyrens vial with distilled
water, Adjust the volume, acel, and mix thoroughly before counting

on a gamna écintilletion well ecunter,

Cobelt Fetdmetlon., Elute the cobalt from the reein wlth the addi-

tion of 30 ml, of BN hydrochloric acid, and +rest the sffiuent ae

in the neptunium estimation,

Iron Petimation, Elute the iron from the resin with the sddition
of 3¢ ml., of D.8K hydrochlerie acid, and tremt the gffluent me in

the neptunium estimation,

Zing Estimation. Elute the sine from the reain with the sdditipn

of 50 ml. of 0.00EN hydrochlorie meid, and treat the effluent ss in

the peptunlum estlnation,

Cesium Beperstion. Dissolve the residue from the neptunium, cobelt,

iren, and zine eeparation step in 5 ml. of nitrie acid, and quanti-
tetively trenefer the solution to a 50-ml. conical centrifuge tube
with 15 ml. of distilled water. Add I ml, of a 0.05M chosphotungatie
acld eclution %o the pample and ellew,it to stand for 10 mimutes.
Centrifuge the mixture and save the supsrnete. Wash the preciplteta
twice with 4N nitrie azid, centrifuge the zlurry, and combine the

woshes with the supermmte,
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fesipm Estimatlon. Slurry the preclpltets in e aloioem amount of
distilled water snd guantitatlvely transfer to o flemed stainlsse
gteel planchet, Allow 30 minuwfes for the beriuwm-137 1o egtabllsh
eguilibrium with the ceslum-137, then count the sample on & Gelgers

Mueller counter.

Chromiom Bat:imation, PFraporate the cowblned supernate and washes

Trem the cesluvm separstica step down to e 2-ml, wolums, Quantlta-
tively tranefer the £-ml. volume t¢ & 3" (ID) x 2" high polyetyrene
vial with distilled weter. Adjust the wolume, &oel, and mix thor=-

oughly before counting on & gamma eclntillsiion well counter,

Dlscussian

AL of the redicnuclider dlecussad gould he separated soclely by an
1ot exchange separatlom echeme. However, the sepsretlion of severml
of the muelides would lovolve varisue chetical eclutlons difficult
to use with the materlale sempled, making the separations lengthy.
Because of this, gravimetric methods were found more adapteble for
the geparation of ruthenium, stromtium, rare esarths {as a group),
and ceslum. & seguentisl enelyesles combining the best geparatlon
techriques, elther grevimebrlc or lon exchange, for the radionu-

glides of coneern wee then developed,
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Somple Preparation

The complete golutich of a wide varigty of semples is difficdt in
many ineteances; therefors, & leaching mMethod was tasd in the sathle
preparation. 4 BN hydreehlorde acid - C.1N hydroflusric acid solu-
tion with the addition of heat leaches greater than 88,0% of the
ruthenium, ceslum, slreomium, niobivm, weptunium, irem, eobalt,
chramivm, end zine from the inscluble residuss of waisr, soil, and

eched vegestatlon semples,

Radlochamical Procedures

Precipitetion of Ruthendum Bulfide. Ruthendum sulflde is quantite-
tively precipitated by the thermmal decounpoeltlon of thiorcetemdids
in & 2N Wydroeblorde acid - Q. 08N hydroflverie acid solution, A
gecond preciplitaticn 1n s 2N hydrochloric acid - O,08N hydroflucric
acld sclutich is sufficient to seperate ruthenium from 93.9% of all
other interferiog activities lsclated by the entire scheme. lodins
which cerries on the sulfide presipitate iz eliminated from the re-

maining radiomielides by volatilization from a2 nitrie meid sclutiocm.

Precipitation of Strontium Nltrete. Srontium Is isolated 28 the

nitrate by 8 double precipitation from a >80% nitrle acld solution
(8)., Thir method has been frequently used for the separation of
barivm and strontiom from fleelon prodvcte. Earlum, if present,
can he separated from stromtium by the clesslizal methoed of precipi-
tating berium ss the chromete from a hot buffersd solwtion {1y, A
gizable mmount of caleium i carried on the etrootium nitrate pre-

pipitete cousing sbeorption of the strontium-50 weak beta., For
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thig resson calolum guantiftisa should be less than 100 mg, per sam-
ple 1n order to obiein good results. Further purificetion of the
gbrontimn le necessary when guentities »100 mg., of calolum ara

present,

Precipitation of Rere Esrth Fluorides. ILanthanide rare sarthe in-

cluding wttrium are determined by precipitation as the fluorides
from B 0.1W sewlphuric agld - £.3H hydroflucric scld sclution. The
precipltation is gusntitatlive, and the supernatent scluticm cen be
directly ueed a& the medium for the seperetlcn of zirconium and

piobivm from the remeinimg radionuclides on Dowexs2 reasin,

Anion Exchange Separetion of 2irconium end Nicbium., It is ktoows

+thet both zZirconium end neptunium are strongly ebeorbed on Dowex-2
anien exchange resin at wery low concentrations of sulphuric acid

(9)., It is further kuown thet neptunium cen be sapsrated from zir-
coniuwn by its eluticn wilth 2 combination of both swlphuric and hy-

groflucric acids et low concentratlons.

Further development of thie separation revealed thet ecbelt, irom,
gine, chromium, and essium along wlth neptunium sare not absorbed on
the Dowex=2 resin when in a sclution of C.1H sudphuric agid - 9,30

hydroflusrie acid,

Both zirecnium and ndeblom remsin etroopgly zbeorbed on the resin snd
ere guentitatlvely eluted repidly with a 6N hydrochleric acid - O.5N0
hydrofluoric acid solution. At the same time, zirconium and nichium
can alec be quentitatively pepmrmtszd by thls method depending upon

the sire of the lon coclumn uped, Thie method provides such a
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feparetion with the eite lon column desoribed in the preceding par-

agrephs (ses Figure 2).

Bince ptrootium, the rers sarthe, and yitrium are partially-to-
guantitatively preclpitated in C.1N sulphurle eecid - 0.3IN hydro-
flupric asid soluticn, they are recovered flrst se previpusly out-
lined. Idrconium and nicblum cen elec be sspereted by passling &
ecluticn of 11N hydrechloric meid - 0,5W hydroflucric acld through
Dowex~2 resin, the zireonium eluting first. DNloblum which 1z ab-
porbed mere satrongly on the resin In thie solutlon cen ba aluted
rapidly, after all the zirconium has been recovered, by pResing BN
hydrochloric = 0,EF hydroflusric ecld through the resin (2} (Fig-

ure 237.

Chleride Complexeso and Anlon Exchangs, The metals neptunium, cobalt,

iron, and Zinc ares known 0 bhe stronmgly absorbed co Dowex=2 realn in
concentrated hydrochloric acld, while chromium and cesium show no

sbscrption (3, 9). Cobaelt, iron, and zime will guantitatively slute
at cueceepsively lower hydroechlorie acid concentraticns effecting an

exgellent gquantitative separation of the three metels.

It was ohssrved thet the slution curves for neptuniun and cobalt
vaing warying concentrations of hdrsekloric acld overlap to e great
extent. However, neptuntun waes found to elute ppecifiecally with an
8.50 Iydroehlorie acld - G.5N hydrofluoric acid solutlon. Cobalt 1e
then quantitatively eluted with SN hydrochloric acid, iron with CO.EN

hydrochlorie ecld, and zine with 0.005N hydrochloric acid (Figure 41,
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If girconiun and nicobium were absorbed cm the column they would
elute in thisd scheme 8¢ as to overlap the neptunium eluticn, The
nipghium would elsc "straggle' off the column meking the eluticn
time consuming {Plgure 5). This is true for higher hydrschlorie
acld concentratlions slong with 2 0.50 concentrstion of hydrofluorlc
ecld.  Any chenges In the hydroflucric ecid concentraticon other than
0.5H ware alaw found deleterious to the speeific slutlon of each

retal.

Frecipitation of Cesium, Cesium 1p precipitetad ms the theosphoturng-

state from & 4N nitric acld soclution by the edditicn of phosphotunge
stic mcid (5}, The precipitaticn is gquite simple and extremely
gpeclfic sxelwding &11 of the radionuelides of intersest here with
the exception of zireomium and nicklum. Hewever, 1f siresonlum end
nipblum were not eliminated firet ag lzn this esguential analyeia,
the addition of zirconium carrier would reiss the dscontamination
factor to }105, meking the asparation guite satisfactory for e di-

rect anglysls of cesivm.

Parificetich of Chromium, Glinee chromium 1s the only radicauclide

left, the eglution is concentrated and counted. If e purifleation
is desired, the chromium ls oxidized to the chromete by heating
with roflum hydroxide and hydromgen peroxlds, and the resulfting so-
luticn collected oo Dowex-2 anien exchange wegin in the hydroxide
form, Eutriation 1s guantitative and repid with a 2M potassium

thiceyenate solution (4).
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Beperation of Radionuclldes from Biological Samples, Separstion of

gmall guaktities of redlonuclldes from biaological aenples 1s complie
cated by the large amcunte of eulrvhates, phosphates, slkell metals
and slkaline earths present after ashing the sample. Howaver, by
rearyangement of the scheme of apalysie as shewn in Flgure &, most
of the trace redionuclides are sasily and rmpldly seperated from

large quantities of alkalf epd 2lkelline earth salts.

After performing the ruthenium seperstion, the remaining solutlon
1e eveporated and brought back in solutlom with hydrochloric meid.
Thia solutien is passed through Dowex-E anion resin sepereting nep-
tanive, rirconium, oiokdwn, cohkelt, 1ron, and gioc from chromlom,
cepdun, reare earths, and stronmtium whiech are not absorbed oo the
eolumn but rather appear in the efflvent along with the phoephetas,

gulphated, alkeli metals, and alkaline sarths.

&f the radlomucllides akeorbed by the resin, neptunium, zircenium,
nlobium, snd cobalt are eluted quentitetively as & group with =2 8N
hydrochlorie acid = O.5N hydrefluerie acid sciution, Zircooium =nd
niohium are aeparated from neptunium and cobsdt, as shown io Figure
1, uslog the §.1N sudphuric scld - 0.3F hydrofluoric eeld solution,
In turm aepiinium 18 peparated {rom cobalt uslng the firet part of
the bydrochlerlie scld snichn exchange step discuzsed on pRge 5. Iron
arnd zing sre eluted repldly by their reepective glutriant solutions

&g Bhown by Flgurse 1.
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&f the radicnuclides contained in the resin column effluent, stron-
tium ls preclpiteied e the niltrete. Bowsver, lorge amounte of cal-
cium may Interfers in obtalning a highly ascurate enaver unless fur=-
ther separation technigues ere used (6, 7). The rare earthe and
yebriom are next preciplteted ss hydroxides froo s 4¥ eocdium hy-
droxide 2% hydrogen peroxide golwtion whick in turn ocxidizee chro-
nivm to the chromate preparing 1t for absorption an Dowex-2 resin

in the hydroxide form. Ceslum remelng 1n solutlon, I cesium 1B
the only #ediottcllde of Intersat, it Je esaelly preciplteted from
the chloride coclumn &ffluent by the phosphotungstete saperstion as

dlacussed an page 15,

Couating

Speciel sttentlcn must be paid to the types of radiation of the
redionuelides g well ae o thelr chemiesl cherscterdietice If ac-
curate results are to be obtedned. The pocintillation well counter
1ls epitabls for measuring mest radionuelidse emitting gemna reys or
high-enargy beta raye, but & thin-windeow Gelger counter is used

where the most sccurate resulte are ohtelnabls by a bete osount.

Whers activitiss of dsughter products ipterfers (atrontium-90) or
the radicactive decey le repid (ytirium-90), the eamples muek bLe
countad agp soon efter they are aeperated ss posgible. In some ocnEes
the activity 1s besed on parsnt-daughter squilibrium (cesiwm-137);
therafore, the sample should be stored at leaet I0 minutes before

gamina counting.
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Reayults

The yleld and deconteminsticn date predented in Teblee I snd IX
1llustrste the spegificity end accuraecy of the analysis scheme, In
every case recovery was grester then 96% and precieion was within
+4.5% at the PO% confidance limit, Dacentemimation factors [DF}
for dindividual redlonuelides throvghout the sequence of anslyses
were obiained by using eplked semples of 0.2 Ko on the aversgs to

2 He for jodine-131. All deconteminatdion feetore were greater

than 107 snd many wers greater than 109,

The scheme ig versetlle; 1t 1le sppllcsable to meny types of sem~

ples, end redicnuclides may be omitted or new cnes added with only

minor chenges.

WER:nbb
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Teble I. BRecovery of the Individual Aafionuelides

Standard
Blement Hacovery, & Deviation, %%
Futhenlun 88,8 £%.4
Etrontlum gB.q 8.0
Bore Earthe 28,8 2.0
Firoonlum-Hicbiam 87.0 5,1
Neptundum 86,5 13,4
fobalt 87,0 2.2
Iron ga.1 =, 5
Bine 95.0 2.1
Ceplam 9B.0 4,1
Chromium g5.7 4.4

* 90% apnfidence level.

Table II. Decontemination Factor Dets According
to Procedure Seguenae

Elements oF >1 x 10° . DF L ox
Futhenium Zr, Kb, Np, Co, Cr I, Ca, BE, Br, Fe, Fn
Strontium Zr, Nb, I'p, Co, Fs, FE, Fu, I

&n, Cme, Cr
Rare Esrthe Zr, Wb, Np, Co, Fe, Ru, I
gn, O, Or, Sr
PAroonium-Nichiuwm or Ce, ¥p, Co, Pe, En,
Sr, Ru, HE
Neptunlum u ¥e, ZIn, Cr, Ce, Br,
EE, Bu; <o, 2r, Wb
Cochaly - Fe, En, Or, 08, 37,
BE, Bu, Np, Zr, b
Irom - Fu, &r, HE, Zr, Nb,
Np, Co, Bn, Ce, Cr
Eine - Fu, Br, BEE, Zr, Hb,
¥p, ¢o, Fe, Ce, Cr
Cazlum or RLR, .ZI‘, I‘Tb, E, Er,
Co, Fe, Zn, Np
Chromium Cs B, &r, I, FE, Sr,



20

Literature Clied

(1) Eildebrsnd, W. F., Lundell, 4, E, F., Bright, H. A., Hoffwen,
J. I., "Applied Inorganic Analysie,' 2nd edition, Wiley, New

York, 1953,

(2) Kreue, K. A., end Moore, 8. B,, J. 4m, Chem. Boc. 73, 2800

(1951},

(%) Kraus, K. 4, and Nelson, E., “inloo Exchange Btudies of the
Flosion Products,' Internmational Confarence on the Pesceful

Uses of Atomioc Energy, 7, 113 {1855).

(¢} Manning, D, L., Miller, W, K., Rowsn, R., Jr., "Determinetion
of Submicrogren Quentities of Chromiun end Venadium in Alkal:
Hydroxides," AEC Document ORNI-1388, September 8, 1952 {Une=

clasgsified],

{5} Mizzan, E., "Fhospbotungetate Precipitation Method of Anelyais
of HEediceective Capium in Sclutions of ILopg-Lived Filpelon Frodunt

Activities,” Chelk River Document FDB-128, July 1954 {Unclaesie

fied},

() Feppard, D. F., Masgon, G. W., Msler, J. L., and Drisecoll, W, J,,
"Fragtlonel Extrectlon of the Lanthanides ap thedr D1 Alkyl

Crthophosphates,” J, Inorg. Nuel, Chem. 4, 334 {1957},



23

(7) Fepperd, D, F,, Meson, 4. W., and Moline, 8, W,, "The Use of
Tdootyl Fagephorie Acid Extracticn in the Taoleticon of Cmrrier
Free Ye20, Lael4(, Ce-ldd, Prald3, and Prulld," J. Inorg. Nuel.

Chem, 5, 141 {1857).

{8) Willerd, H. H., snd Goodspeed, F. W., Ind. Eng, Them,, 8, #ld

{18%E],

{8) Wieh, L., and Rowell, M., “"Bequentisl Analysis of Tracer Ancuats
of M¥p, U, end Pu in Flssion Froduct Mixtures by Anion Exchange,'

Document USNRDL-TR-117, 21, OQctober 1856 (Unclassified).



€r, 55 MK, £u, [ Ru, Trih, Np, G, F4, 28

19 mg E\t Sarrlur
04 § Thaopatombde
Bt mg Au Carrter (DouRl ppi

Ern W, AE, Cu, L 2/Hky Mp, Cu, Fa, 30 .1}

Evup, with Goap, HND)
Cr, B, WE, C3, Irim, Wp, o, Fa gn I 1'

Doubla Faatlu HNDy pp!

tr, dn, RE, IrMu, Hp, £o, Ky, I0 &
AW Wl = BIN MF wel'n
;ultuu ppl
G, &y, Eftib, Np, e, Fu, In nE

o wen Salunn
SIH W EDy= BIN HF

1OFF| Cfy, C1, Np, Lo, 1, 2 Zrib (GN)
' I
aﬂwﬂlH?Lhm ¢ HGL=D.EN HF
[ K} Cr, »:-,,I, Mg, Go, Fu, Zn GN1 'i‘" 16FF)
Mhodphitremtin i.iJ HEL
deld ppt R HF
-] £r v Fa, 2n LA Irim
Eapd fnaiunt Pomew E Geiumn
Eofuilen BN MEL 11N MEL—OLBH HI
i [GN] &4, En Cn  [&FEY {AN] Nb Zr (AR}
I
D.aM HWEL AN HIL - OAN HF
Nb [DFF
Q.ooEN HEL
n_LaFF]

Figure | SCHEMATIZ DIAGRAM OF THE METHGCD

22



Annfien Aty

25

dbml ol mnpe wh | ADm wmh | OBl putrinnl |
AUH Hghhy— 03K HP I DN Heddy= 30 HF I BN Hol = Q.0W HF Fl
1 1 1 1 L 1 i 1 1 1 L | 1 1 I
III:I fiv] 5I0 4II} 50 aa ?Iﬂ B - []5] |:'m I IIIU IEII:I
Tefal Yelemm of Esdvifon Peaawed Through Cylumn
Flgure 2 10N EXCHANGE IBOLATIN AND SEPARATICN

OF ZIRCOMIUM AND MNIOEIUM




Eafafors  Activity

24

;
4k 1]
19+
F1= o
-8 o
2]
Eoml of wamps ul | 1A nl wath | a0 m subdanb |
112N HEL - LEK HF | LLON HEL= BN HF T %N HEL = QBN AP -
] 1 1 1 1 1 . 1 . i . ] M | L ] | ,
ta 1= ] 34 an ag 1=} T [ L] - n] ag

Telnl Valyms of Balyilen Baaadd Thrdugh Giloms

ION EXCHANGE SEPARATION OF

Flgurn 3.
ZIRCONIUM  AND NISBIUM




25

T T T T T T T T T T il
Lo g "L\r]
BOF
G4
En
o
il | LT ] 1 nl ikl e m ainitar B4l wlin
LENHEL | NN |7 b HeL-oBN W BN HEL 0.0 WEL DRORN ML

L i 1 1 [l 1 1 1 1

L 1 L i Il i L L L
20 40 &0 1] G 1&g 142 (L14] 1ad EIIJEI

Tuful Velgme qf Holuifen Puawdd Through Calaan

Figure 4. [ON EXCHANGE ISOLATION AND
SEPARATION OF Ne, Go, Fa, AND Zn



=)

T T T T T T T T 1 T T 1 T T T —
*[+] 3
1
i 20
Laknga
ab" Rempglng j‘:}
ofF
e W 40 | LG m akiranl J
PN HEL T I L.5K HEL =0EW HF |
1 " L ] I 1 1 1 1 " ] 1 1 L ] I 1 1 L 1
- Xr] L1~ Ao abD 100 120 140 193 185 204 20 aq &0

Taial wolume 4F Bofwrlen FPaseed Thraweh Colvim

Flgure 8 THE ELUTION FOR ZIRCONIUM  AND NIQBILUM
FROM & CHLGRIDE COLUMN




27

Giy Br, RE, o, I, Ay, ZrMb, Hp, Co, PR, E0

I mg Gr corrlar
@1 § Thisansiamids
dEmy Ry Curdimr [Doubie ppt ]

&, &r, ME, 84, 2rHb, Np, Ga, B, Ta I Ru

Evap. wilh Cope. HWOyg

4, 3, ME, Cu, ErNB, Mp, 7o, Po, Im 1 *
s4ne HCL
Cowps T Column
[PFE) Gy, Br, RE, G0 ZrNB, Wp, Ca, Fe, 20 [OX]
Boukle  Fumimg AN KEL ~Q.BK HF
LL =T
AL, &, Er w mY Fa In ZrNb, Mp, £ [OFF}
Hydrealte ppl oM HEL ON Hefluy= 5,BH HF

Déwer £ Enlumn

B, Br Al [N Tn Fe (AFR) [AN] Irhie Np, (o [GFF)

Qawgr  Calumn CLE%H HEL EH HGL = 0.3H HF cone, HEL

LOH™ Form) bomrs 2 CoOmA
[are] oy cr 0N} in  tOFF] IrNb  1OFF) Np, Ca =L H
Fhaapheiumgslic AN HElL
e W HEME QAN HEF
=] =LAl LONE £r l Hp [OFF}
AN HEL
Qo 10FF|

Flgurse & SCHEMATIC LCLAGRAM CF METHOD MODIFIEC
T2 IWCLUCE BIOLO3EICAL SAMPLES



