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SEPARATION OF Cu yn Fe AMD 5n FROM NUCLEAR GRADE THORIUM
BY TRINOCTYL AMINES M HCl AND THEIR DETERMINATICGN
BY ATOMIC ABSORPTION SPECTROPHOTOMETRY

Sergio de Morees Moscir Cipriam
end Alcidio Abrda

ABSTRALGT

This work fUnrnarcZes the results of soiven! extracnon separetion 2fF § group of metel treces i figh purs thorum
woth the md of trnooctyl B benzene fram ThCy, HCl and Ty HOY KD selutom Cu In Fe and Sn ara mxtractad
together and detérmergd by aiomic absorpt o spac rophat smeny oy rming direcUy thl onganic phass

The b#havicr af Co In Fg gnd S toward direet burn af the orgaric phddl uiker Rydragen siF ruxiure wiid
1tudied an shrurpnion enhBNCErGAnt being ubsamved

The procedure 15 baing used routnsly 1o parfarm the Qualthy contrél of Auclear grada Thoriam and it compau i
The celigretian curves have provided praceions in the rgnge 1 ta 10/ i routine anelyas of harum

INTRODUCTION

The purifigation and transformation of thorum concantrate nte nuclesr grada products requires
the wlertificarion and determ natwon of a series of slements present as traces wnpurrbies some of which
having hugh cross section for thermal neutron capture therefore intarferng in the neutron aconomy The
£80a73tN 2nd deterrmimation of trage iIMpuritias in nuclear grade thorwe for resctor fuel 11 2 recesn Ty and
threataned the anzlyst for many years The majority of papers published had approsched the problem
separating  fust the thorum  wsing for instanca the solvent extraction techmgqua (TBP/thorum
hitrata mtre scid system) and datermining the wmpurites 10 the raffrnate Defirmtively thes s not the deal
approach for thie crueial problem Any procedure that could separate first the impunties leding back the
maj constitlnt that s the thorium matnx should be advantageaus and very atractive

This paper deals with the extrection of 2 growp of metal mpurities from thorum chlodda 1
hydrochlotic acid medwm by mesns of organic sclutions of longcham tertiary amuve using benzene as
diluent In marny leboratories long charm amines have been tested as extrasting agents for differant elemants
Ine/udmg thanum and uranium and it s not our purpose to give here & complete litteraturs surviy of tha
wrork in this fisld since meny other papers have done 1t!1 7' Far the purpose of solating matal trates in
HC| scwd sofutions |ong chain amine have bean successfully tested at our laboratary!8 100 and practical
spplication of amines ss axtracting agants » boorming today

The mparation of copper mdium ron and tn was studied 1t was demonstrated that copper and
tin werd only partially axtrected while sndium end 1ron ware quantitatively extracted by tri n octy! sture
ITCA} from ThCl, HC! solutions Additwon of small amounts of petagwm wodide to the thornum
thlonde hydrochlone scid medium has improved the axtraction for copper and tin

Gt the other hand avomic absarptian spectrophotometry 1ndeed appears 8t tha moment 1o be the
methad ¢f chowe for the determunation of 8 great number of elements 0 terms of senstiviry and



converiance The us of combined solvert extraction snd atpmic absctption tachmiquas continues to
iereasa This mbthod hes proved to ba 8 simpls and convenent wey of selechive sxtraction end
cencentration of the dgsired metal or group of meels sflowing also an enhancament of the sers tity

The prasant work summar zes the results of solvant sxtraction of metal traces as e group {Cu In
Fe 5Sn} from high pure thorum with the awd of long-chan tro n octy| amima diduted with benzene for ther
saparation fromm thorwm chlonde HCI and thornwm chipndes HC| KD solutions After axtrection the four
slemmants ara datarmined by atomic absarpticn kurong directly the orgemg phase

EMXPERIMENTAL

Apparatis

The stomic absorption spectrophotomater [arrell Ash) wes described beforal® 191 Tha fallowang
lines () work usad Cu 3248 In 3030 Fa 2483 and Sn 2063 The light source was prewarmad st
laast 19 minutas before use An hydeogen air flama was used and ophmium fuel pressurs for maximum
NSty wera spplisd The compressed ar was dried through a sifica gel eolumn and finally filtersd to get
rio of solud particle and il mist

Aaaganty

All chamicais were raspant grade (E Merck B 3 A Carlo Erba 5#x Paula Branl) or of highest
purity availabla Daiomized water was ugad for tha prapareton of g/l equacus solutiom Th n ectyl smine
(Koch & Light England} was untized without sny further treatment It wes difuted with benzens to
provide a b% Ivivl working sclution This wes used immediaaly aftar preparation to svord possible aging
atfects

Procedurs

Thorwum mitrate thorum oxalzte or thorum carbonsta are tregnsformed 10 thonum chlonde in
such 4 way to be 5 M n free HCI at the final dilution Aliquats of thorum chlones containg 154 of
therwim in order 1o have a 50 mi! final solution ara ntroduced into a 129 m| saparatory funnal

Two axtractions by mahual agation of one menute esch with 3 ml TOA B% banzena are
followed With this techmigue it 12 poesble 1o quantitatvaly extrect In and Fe into the orgamc phase whila
Cu arvd Sn ars partially axtracted

Potassium iodide 15 added to the remaining aqueous phage [ThE), HCL 1o a final concentraticn of
spprovomately 001 MK A new maraction with TOA B% benzane 18 repeated  following the ame
mohnigue ss (ndicated above und tha ramainder Cu end Bn arp then extracted After the disengagemnent the
orgenic phace 15 sgpecated end transfarred 1o the separatory funnel which atready contaned Inend Fa and
then the grganc phess are washed with one 3 ml 5 M HCI0 31 M K solutions separated iltered on filter
paper and transferred nto a8 10 m| volumetric flesh

The orpanic phase contaimng the extracted metels 15 burned using a Hy ar flame 1n an atomic
absorption spactrophatometer The elements Cu In Fe and Sn are determined at the wevalonghts already
indicated in the text A blank for the reagents was runned similarly using s high purity thorium pravicusly
punfied by tha same procedure

RESULTS AND DISCUSSION

Matals Amirme Extraction fram HC Madiurmn

The passibility of extracting metals from hydrochforic acid med um into orgsmc phase consisting



of tr1 noetyl amme chlorde diluted wrth banzene or other diluent depends mainly on the capsoity of the
metal to form smion: chlionde complexes This capacity 8 consderable 0 tha casa of saveral metals
weluging Cu In Feand Sn Impravemant in the separation of metals by [ong-chmn smines can ba achisyed
by chonsing the proper conditions lLke fres HCl concentration  saltingout egents and the
organ ¢ te-aquecut ratio Mainly the influgnce of HC| concentrations 15 of paramount importance

Previocus works heve shawn the usa of lang-chsin amines for the purpote of 15o/sting matals from
the pure HCI solutwons'! 37 Mirza ot al'®} for instance studiod the behaviour of several metals toward
axtraction wrih th o octyl amine druted with mathyl 1scbuty] ketens from hydrochlone acid medium
The usa of tri n-oetyl smineg for the saparation of uranium from 24 metals in HCl medium and U0, Cl, HCI
solution have been studiad!!) The seone of this work was ¢ outhire a tachnique for the saparstion
concantration and determmation of microguantities of metals present 85 ympurities (0 nuclsar gracs
tharium

To schieva this gosl first sttampt was 1o apply solveant extrection uang TOA bonzens as
axtractamt for the separahon end concentration of various slemants including coppar iIncfium iron and tin
from rnuciesr grads thornum chiorids cbtarned by the disclution of thorum salts with hydrochlore scid
Dur axpanments showsd that while indium and ron were extracted quantitatively from these solutions by
TOA borzeme coppar amd tn o waere not afficantly extracted For thase axparmmeants the acid concantration
was ascortmined 1o B M HCI (free acohity] consdeting the adventage of thorium chlorsde not baing
axtracted!4! at any HCI concentration The trace metal concentrstion was inthe rangeup to Cu 5§ In 60
Fe 10 and Sn 200 pg per gram of thorium These experimants showed that Cul76%) In{88%) Fal89%)
and Sn{7E%} wars axtracted with 3 axtractions imta TOA benzana from the acd thonum chionde salution

Matals Amine Extraction from HC1 K1 Meagiem

The tschnique hers outhined 13 hesed on the observation that extraction of Fb and radiolasd
{212Pb tracar from thoriuml with TOA banzene bacama quant ative by the addition of small quantities of
K111 g che hydrochiorz seid sotution Maorass & Abrio'3) damonstrsted thet the extrection of Bi Cd Pb
Mp and Ag with TOA benzene from L0 Cl, HCI was considerably improvad by the gddition of KI Keeping
in mirkd thoss chserved facts i this paper the extraction of copper mdium ron and tin was studied from
Thcl‘ HC) Ki systam using TOA banzens a5 sxtractant The cencantration of thorium chionda in the
aqueaus phase can be raissd unti reach 300 g Th/L with no troubla for the phass dissngagamant For the
routine analyss of trace matals in hagh pure thorium such higher concentration was used 1n ondar to get the
senaipvity of the giements detarrmned  The concentretion of potassium (odide 1n the aqueous phess to be
sxctractad was kKept ot 0 01 M lawel and the hydrochione acid concantration was adjusted to a nominal 5 M
(frew acity} and the trace plamart concentrations ware kentizal to those mantioned in HCL medium The
sxtractiah of the mentionad elemants 1nto TOA bonzers were Cu 85% In B88% Fo was not reproducibly
extracted and £n 87% Although tha extractability of In war partiaily depressed (98% from HC! and BB%
from HCI K1} and that of Fe was almost completely depressed considersble improvement for Cu angd Sn
axtraction was ganed

To avend the stehlern of the mhibtion of the Fa extraction and the decresass of In sxtraction
firstly two sxtraction with TOA benzene from Thil, HC| madiwm has been used Then Kl is added 1o the
thorum chioride solution and a thurd extraction with amme » done Ths sequential extraction procedure
aflowed Cu In Fae and 5n ba compbetely extrected Cu and Sn that were only partially sxtracted after the

wldition af K\
Atorng Absarption Datarrmination of Cu In Fe and Snin TOA banzane

Burning diwectly the argarwe phase an enhancemant of the absorbance was obtaned for copper
inchum Jjron and tn when compared to those cbtained by burming an aqueous acid selution hwving tha
sarme cohcantration of the studied siements Beswdes that the possibihty of avouding the stripping of crgamc
phese for the axtractsd alamants wes another convement advantage All calibration gurvas {absorhance v



concantration, pug slemant par rnl orgamc phaset for Cu (1 6) In(IGEQ) Fa (2 10 and Sn (B0-200) were
atrpight ltnes in the antire range snd reproducibie The practical ssnsitivity (g slamant/grem Thorium] was
Cuf1ini Fa G3endSn 16

Apphcation

The techmqua here outhned 13 baing routrnely used for the separation concentration and
datermination af copper indium ron and tin 0 tharnum compounds of high punty produced at the |EA
as soma analysis rgported (n Tabla |

Tabla |

Determsnation of Cu In Fe and Sp in nuclosr grade thorwm
compound: Sequential extraction from Thl, HCI| and
ThCl, BTl KI with tri n oetyl armine

Sample uyg slemeant’y Th
Cu Fa in Sn
ThiG,0,), D41 81 <1* <16*
ThOCDa 062 122 <1 <18
ThiNO,), 066 95 <1 <18
ThiNG,); < 01" 45 <1 <18
ThiNG4}, 41 1R <1 <1g
ThiNG,}, 53 40 < <18

* Banpitlvity Limita

CONCLUSION

The sequential ascciaticn of the TOA benzens metal traces extraction from ThCl, HCl and
ThCL, HCI K1 media with atomc abserption spactrophotometry 16 a valuable contribution to the anplyns
of matal traces praant as cortmminants m hghly pure thonum Burmimg directly the organic phase s (ndesd
an extra advamtage which has contributed to the enhancament to the absorbence for the studisd slements
Tha tachnique allows the axtraction and deterroneton of a group of elements at the same tima, which s
undoubtly an anormous advantage for tha analyst In this paper anly Cu In Fa and Sn ward studied

Concantrations of thonum in the aguecus phess heve approached up to 300 grams par [Iter
Howevar no difficulty in phases disengagemant with TGA banzane was axpanenced Accommodating such
high concentration of the matnx thorium was required ta incraase the anplyticel sansitivity for the trace
alaments

Tha techmgue hare cuthing 15 routingly used for the anelyss of Cu In Fe snd 5n m thorium
Celibration curyer obtaired with tha thorym metnx have gwen réletiva standard devietions of
epproximately 1%(Cu] 2% In} 10%|Fs) and $%{Sn} An extension of thie work for datermination of trace
meiais in nuclaar grada thorum by #xtraction with TOA benzens from 06 M hydrochlone acid medium
wus presantad (9

RESUME

On prigant une studs d axtractioh 38 Cu In Fa ot S0 prisants comme trace dans (s mstnicss de thorjum mac



purstd nuoclasics Cas dlivants sont exiralts d une solution da Tl HCI e ThE|, HEI KI par in el n octllem ne dissouts
o0 Darzarg ¢ |1 sont cdiermonis par spactromirtr i o abiorpt o atomigue La phesd organigul slle rmdme pat bri s dare
1% spactrophgtomitre an utilisant une flamma de Ho eir oo gue rend une supmantation dans (e mnsbiling dis lectures Le
priciyion g we 1% pour @ Cu 2% pour e ba 10% pour (e Fé & 3% pour (& Sn

AESLMOD

Aprosniem s o resuitadon de sadracio d um grupd de alemento! prejantel CoOME trEGOs am matnz da thrin de
wlevada pursEzs quimica pars uso nuclear

Extramm 3o ComunTamants cf Hementos G In Fae Snocom tnon actilarming diiuids gm béndang o ures merz
de tésko O slarmsrios Fe o In oo eetreidos completemants & Cu @ 5n paccislmanta de ume roluclic de Th , HOIB M
Apt & axtragfic de In v Fe sdicions st rodeto de potisne @ eolugiio de clorats de toro & tad o6 nove extragla eom
TOA Santend compirtancdo s neatd waradio s axtracin do Gu e da Sn

Curarming m s8 08 QUtro S4rEnToa por alsorcia athmics guamando-sa direemants g fees ofghnioe numa chama
di hidrigdme ar

O procsdirmemo ¢ ussdo rETAeITAMENE DaNk SR SO0 er & quslideds dox compoitos de tario produzidos e
Coardensdoria gy Engenkaris Quimics On devitos pedrifes ralgtivos ancontredos forem G0 1% |0 2% Fa 10%a 5n 8%
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