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ABSTRACT

Thiz papsr deacrnbas the rmeults of solvent extraction of B group of slementt Present & tFece mpUntE In
nuclaar grace thorlum and thar getsrmiration by atomic absorptian spactophotometry Thooum mtrete 13 converied
mito chioride ared the slements By Cd Ac Pb Hp Po &g and Zn ama extrected toghetar by tri n oetyl mrmne (TOA)
froen tha thorlum soluton made O M 0 Fraes HCI The organre phase & burned dicectly Tor the detarrmination of sach
Avment Elemants not sAtrected trom tho oedum P or anly partoally sxerscted (Sd A0 hed their sctrection
improved by the aodition of emell amount of potessium iodice @ the squecus phese

SimNary the stament Cu Fe In end Snoame sxctracted from thanum chlaride after making tha ioiution & Mon
HC1 Cu and 5n hed thar exttacton improved after the sddition of small smioum of potmmium odide

For tha cabbiwtion curves the precmions (%3] obtoned are 1a the renpa 1 ro 11 far routing aralyxe of thonum

INTRODULCTION

The increasing importence of thoritm as a nucleat fual source has gvan great impulse 1o the
development of anelytical methods for determuming impuntres o thorum Impunties are known to
affect both the physical metailurgy and the neutrgn economy 10 the breeding  reactor reaction The
falection of high quelity thorium metal for reactor appixations 15 then necessanty based on
considarations of the impurty constiuents which influence the physical proparties as wall as those
which affect the usefulness of the thorium as a nuclear fuel

The purification of thanum concanteates to nuclsar grade products raquires the dentfication
anct determmation of » series of trace metal impurities some of which hava deletsriously high thermal
reutron capture cross sactons The majority of the published hitarature in this area have approached the
problem by an notiel separation of the matrix thorum using for instance solvent extraction and
datermlrung the trace impunties In the raffinats Any procedure that could primanly separste the
mmpanities by solvent extrection  or gtherwise from the mejor constrtuent thomum  would be
advantagecus and atractiye This paper deals wrth such an approach for the caparstion concamtraticn
and determinstion of microgram guantities of a seres of metals present s mpunties n high grade
thorium

Lang chain amines have bean uthzed extensively as extracting egents for varicus elaments
including uranium and thoriom Tha litersturs on the subject 15 extenave’@ 4 67 8 12 5uch progedures
have alto been inwestigated In this lshoratory for wolating trace metal concentrations from hydrochlonis
acit mecha (1) Qf pertinent nterest 1s the use of tri n octyl amine (TOA) diluted with an inert solveant

1*] Prassnted or tha Conference on Muzlesr Powar and Applications in Latin Amenca American Nuclesr Soccwry &
Inrttuto Wicianal de Enscga Nuclesr (Maxicel Saptermber 28 — Octobar 1 1975



as exiracting apent The axtractive scparation of silver bismuth, cadmium  gold, lead, marcury,
pallsdium and zinc from agueous hydrochlonc acd solutions of thorium chlonde by use of TOA in
berzane wa snxched It was demonstrated thet wiule Au was gusntrcatively excracted, 51 Cd, Hg amd
Ag wera pertially extracted and Pb not at all while Pd and Zn are well extracted Addition of small
quantities of potassium rodhde to the agueous acwd ghase overcame this drfficulty and perritted high
and reproducible extraction by the amine

The separation of Cu Fa, In and Sn wat previcusly studied'??!! It was demcrstrated that Cu
and Sr wers partally extracted whule Fe and [0 wes quantrtatively sdtracted by tr 0 octyl amme from
Th€ls HCl solutiens Addition of small quantries of potassium odide to the thorm
chlgnde hydrochlonc acid mediom has improved tha extraction for Gu and Sn

Artomi: sbsorption spactrophotomstry indeed sppears 10 be the mathod of chaolee for the
datarmination of a variety of trace alamants m tarms of sensitvity and convemence in this study the
impurity alemonts  aftor extrachon from thorum chloride solutiors were detsrmined by stomie
absocption 0 directly burmng the orgamic phasa in the ipectrophotomater

1 — EXPERIMENTAL

Equpmert

Apparmtus end experimentsl conditions adjustment are the same as described previouslyt! 0}
For Pplladium and Finc the foliowing spectral lines {nm) ware ysed respesctively Pd 244 7 amd
Zn M3 B

Reagariy

All chamcals ware roagents grade {E Merck B & &, Carlo Erba S#o Paula Breml) or of the
highest purity avaidable ODelomzed water was used for the preparetion of all agueous solutions
Trinootyl aming {Kock & Light England) was utihzed without sy further treatment it was diluted
with banzens to provide a 5% (v/v] working solution These wers used immed ataly after preparation to
avoid possible aging effects

Procedurs

Thorwm nitrate was convarted 1n thorium chloride by pucessive evaporation with hydrochloric
pcrd adjustad to be O5 M 1n free HCI in the final dilution Sciutions that contamed potassium odice
ware smilarly adjusted to a final 9 5 M HCI-D 01 M Kl Fifty mi aliguocts of therwm chlorde solutions
{300 g Th/l), 10 which were sdded microgram quantities of Bi &d Au Ph Hg Pd, Ag and Zn
individunlly or in mixtures ware extracted thrice with 3 ml portions of TOA benzena Tha organic phase
was simibery washed wath 3 ml porticns of 05 M HCI or 0 6M HCI-0 07 M Kl respectvely in tha two
garies of axpeniments. The final arganic phase was filterad and made up o 19 0 ml with benzens

The TOA benzene phase was burned diractly in the atomic absorption spectrophotomater to
determing the congentration of extracted frace slemerts Hydrogen ar flame was preferartially used 0
visw of mnpreased sentitnity A set of standerd calibration curves wera zlto run by the same procedura
hewavar amitting the matrix thorium in the agueous phase Birnlarly o Blank experiment was parformad
utihizing & previcusly purfied thonum in winch the trace metal impurities ware separated by

TOA benzens axtraction



H — RESBULTS AND DISCUSSION
A = Amine Extrachon from HCl Medium

The extraction of metals from hydrochlorne acid mediam with an orgamic phase consisting of
tr nogctyl smine diluted wath bercens or other diluents depands mainly on the capecity of the el
to form ameond: chloride complexes This capacity 15 considerable i the casa of sevaral metals (ncluding
B &d Cu In Pb Hg Pd Ag U and Zn In such systems the influence of HC| corcentretions s of
parsmount importance on the disinbution coafficients of the varnous metal wons Mirza st al {6) hawe
studied the behavior of several metals towards extraction with tronooctyl amine diluted with methyl
isobutyl ketone from hydrochlot aod solutions Abrao!!? has mwestgated the use of tr n ootyl amine
for the separation of uranmm from 24 metals in HC| and UD,Cl; HCl media Moors!B! yed the
tri 130 actyl smine diluted In Xylene for the separation of thariuen from ursniwm Moraes and Abrio!10!
mntroduce iodide a5 complax on n extraction of metals from matrx uranium

Attempt was made to adapt such solvent extraction procedures for the separation
concentration end detarmination of B Gd Au Pp Hg Pd Ag antd Zn from hgh grede thorium
Wherens the amine extracticn of the pure matals wons proceed quantitatwely in HC| salutiom!! B 121,
the prssance of relatively large concentrations of thorum n the aqueous media however seriously
inhibred thawr extraction In these axpanments the trece metsl soncentrabon were in the range up o
Bi 120 Cd 05, Au 58 Pbh 30 Hg 143 Pd 16 Ag 0% and Zn 3ug per gram of thornum Thess
sxparirnents showed that while Ay wes extracted into TDA bonzena quantitatively Ag (18%) B (74%}
Co {8/%) Hg(77%) ware not efficiently extracted and Pk was not at all extractad from the
acd thorium chlonde saiytion Pd [195%) and Zn {B6%) ware bettar extracted n this medium

B — Amine Extraction from HCI KI Madium

Tha unsatisfactory axtractions of any the trace metals mentonsd inosec A wera concidarably
mproved by addition of wdide on las K1) to the thorum chloride hydrochlons acid aqueaus madis
Although the potentiality of solvent exteaction of anlome metel ochde somplexes by long chain ammes
and quaternary sammomnum salts was foresgen!!#! publishad {itarature 1n thes area 15 lirnptad!® 14}
Abric!!'!  demonstrated that the extracuon of purePb and radiotracer b (Z212Fb 1n thonum)
TOA benzere wi improved quantitetively by the addition of smaill quantities of K1 ta the hydrochlore
acid solution Sermilarty whila the extrachion of Ag diminhes from 97% n 0B M HCl 1o 3% n
EAMHCI addrpon af Ki to the acid solution allowed gquantitanve extractions in TDA banzan Marses
and Abraol10) demonstrated that the extracton of Bi Cd Hg Ag and Pb was improved by the addition
of Kl to tha U0, Cl; HCI media

Based on thase obtervations the sotvent extraction of Bi Cd Au Pb Hg Pd Ag and Zn and
saparatian fram thoriom was studiad  The aquecu: phase contaiming thoriom wes sdjusted 1o o finat
OBEMHCIOM MKl The traca slement concantrations were 1dantical to those mentioned praviously
The relative extraction of the metals into TOA banzene were B BE% Cd B8% Au 100% Pb 20%,
Hp B4% Pd, 91% Ag 83% and Zn B4% While no change tn the extractability of Al was oxpected
consderable improvements in the axtrection of 8 Cd Hg and Apg into TOA benzene were pbtained Pd
and Zn were not improved whils partial extrection of Pb was obssrved

In conclusion it can be sad that of all elaments studiad only lead ha: not itz sxtrechion
corswderably \mproved n the HCI K] medwm 1ts deterrunetion being not wall recomended by the
procedura here outlired



€ — Atomic Absorption Detsrmination of Trace Elsments

A sigmicant obsarvation 0 this study 5 the snhanced absorbance produced by burming the
arganic phaze (TOA banzene) directly in the stomc absorption spectrophotomutar Than for the pura
elemmitt the absorhence values wers noreased by a fector 20 (B 18(Cd) 18 [Au), 1 6{Ph}
151iHg), 18 1A and 15 {Zn} compared to those obtainable by burring simitar concentration of the
aqueous ecd phase Celibration curves obtaired {absorbance ve concentration ngelament per ml organic
phase| for Bl {30120} CAdQ1Q5) Auil4ED) PhlB30) Hp{IBi43) P2 1115 Agi030% and
Zn (25 3) ware insar in tha entire rangs Boadas enhancament of absorbance, the possbility of avoiding
Hrigping the organw phase for the extracted olements was another convenient edvantage

It must be mantioned that the reletive sxtractions of the vanous metals into TOA banzang Trom
acid solutions containing thoroen, presermed m sac A ond B wers computed on the basis of thar
nbsorbance with reference to the pure metals smilerly extracted from acid medm To the extent that
the calibration for the elements seperated from thornurn by TOA benzens extraction and determined by
stamiz absorption were reproducibly linear In the sntire concentration range the analytical applkation
of the mathod 1 evidant

ill — CONCLUSION

The combination of the soivent extrection and atomic absorption determination of a senes of
trace slaments has proved to be &4 unigue approach fo the analyss of nuclear grade thortum Whila
soveral pure shements are wel! exiracted by iongchain amings from hydrochlonc acid selution the
presence of appreciable concantreton of thorum and chlonide wons contributs 1o lower the extractibilhity
of some metal chlevo complexes Such sn mterference & 30 marked for lead for example, that
TOA banzore dosy not mctrect the element fram ThCh HGI medium

Addition of snall concantretion of K1 surmounted the difficsity and prowided practical and
reproducibls extraction of weripus alements n presence of thorwum The exact mechamsm of tha
axtraction in the prasence of odine 1ons 15 mot well understood The possibiity exists for the formation
of strangar iodkde ar syer mmxed pdochloro complexes of the metal ons

Concentrations of thorwum in the agueous phose have approached up to 300 g par [iter
However, na drfficult In phase separation with TOA benzone was experssnced Accomodeting such hgh
concantration of the matrix thorium necassarlly was required to increase the analytical sensitvity for the
trace slements The enhanced absorbance obtainable in direct burrung of the prganic phase 15 an sdded
mdvantege of procadurs

Calibration curves for By, Cd Au Pb Hg Pd Ag and 2n obtained with the thonum matrix
haya givan relative standard dewiations of approximately 3 2 5 17 2 6 4 and 3% respectively  for
these slaments in the trece concentration of interest

RESUMO

Dgscryvern s o7 mesultados dos sriucos da extacie de um grupo de olemantos come mpurkdsl W ek
AUCIER MANTE pUto & SUA dutsrminacio por mpectrofotometne ce absorglo momica Nitraro de véno & tranformado am
cloreto 8 o elomentos Bl O Ay Ph Hp Pd Ag o 2n sfic sxtraidos junios por trl oepotTienting (TOAL da solucio de
thrio scartada para ser GEM em HCl Inme A& fase orpinice § quarmads dirstements pars & determinacic de cade
semgnto  Elpmentos niic extraidoy dests rao (PR} ou apsrae parcislments extraidos {04 Agl twaram ws extracio
malhorads pele adwEc df pequenid quentdades o 10denio da potdaio | faee squoss

Arslogenant Cu Fa In » Sn sfo axtraldes do clorsto de tornc epds scartkls pua 5M «m HCl Cu 9 &n
tivaram sus sxtragls malhorada spds » dicio do peguenss quantidscar oo 10geto de potierio

Forn s curves de calibragis s procsdas (%) obtides sstho no intervelo 1 11 pars s enilises retimeire em



REFERENCES

3

10

1%

12

13

14

ABRAD A Estude o COomportamente o8 vérias efamentos por amias de cadess longas ma presengd
de tieurdie como agente compiexante 530 Pauloe 1971 (Tese de doutoramanta}

ARNGILD W O & CROUSE D J Further evaluation of amines a5 extractants for uravum from
sulfats hguors Dak Rudge Oak Rudpe Mstional Leb Jen 1861 [ORNL 3030}

GOOD M L et alu Ligud hguid extraction with |onp chain quaternary ammonm  hahides
Anafytice chim Acra NMew York 31 534 44 1564

MAECK, W J et alu Separation of uramum from diverse wons methy! 1sobutyl ketona hgued haud
extraction system Anafyt Chen Easton Pa 30 15027 1858

MIRZA M Y st aln Liquid quid extraction by 1r1 150 octylamine in methyl sobutyl ketona from
agqueous fydrochleric soid Adpalytica chvm Acts New York 37 402 4 1967

MODRE F L Ligqud iqud extraction of uramum and plutornum from hydrochloric scid solution
with th{ise-cctyllamine separston from thorium and fis0on products Arsfyt Chem  Easton
Pa 3090611 1958

Liguid figuid axtraction with bigh molecular wought amines Washington D C National
Apademy of Sciences Dec 1960 {NAS NS 1107)

Leng chain amines versatile soid extrectants Ansfyd Chem Easton Pa 29 16802 1987

A new aniome solvent extraction techrique Oak Fidge Oak Fidge Mational Lab
July 1952 (OANL 1314)

MORAES 5 & ABRAOQ A Separation of trece metal impurities frem nuclear grads uranium by
lang chan amine extrection and direct determination by atomic absorpnon spectrophotometry
Analyt Chem Eamon P3 4518124 1974

8t aln Separation of Cu In Fe and Sn from nuciear grade thonum by trn ooyl
ammne5 M HCI and therr determination by atomve absorption spectraphotometry Sio Paula,
brstrtuto de Energia Stotraca Mar 1876 (IES 406)

NELSOM A [ et aln Extraction of Fellll} and In{!ll} from aguecus HCI by tr n octylaming n
nitrghenzane J imorg nuel Chem London 27 438 47 19686

PAOKDSHEY A A et alu Extraction of odide complexes J analyt Chem USSR New York,
27 123045 1p72

TUCK D G & WOODHOUSE E J Ceoordingtion compounds of indium 2 Solvent extraction
studies of anionic halogeno and-cyano complexes of indwmi{lll} 4 chem Soc  London,
Sisuppl } 6017 22 1964





