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ABSTRACT

The separation and determlngtion of trace canceniraions of Bi, Cd, P, Hy, Ad ard Sg in e lvar grade
uranivm was investigated o some detail, The elemenis fre extiacted together with tri-n octylamine in
benzene from U, Cly BCIKD samtigns and analyzed by atomic absorprion spectrophotometry. Elamants
niH mstracted |Ag) or onby partially exeregied 4@, Cd. Hg and PR) by the terciary amine from Lo Clo-HEI
medium had their edtrectron significanily improved by the addition of potassium iodide 1o the agqueaus
phaze, Direct Burn of the Orgamid pRase in the atomic absarptian speciroptstometsd wsing hydregen-air Hame
provided enhanged absorpance for the glements (M the (rACe cancentrations of the metals, calibrations have
providad [%e) in the ramge 2 1o 12 6 rauring phalys's af Graniom

RESUME

O présant une étrde d'extraction de Bi, ©d, Pb, Hg, Au Bt Ag présents Comme Traces ORns i2a meakfices
d'uranium avec purete nucleaire, Ces &lérments sont extraits d'uwne solgtion de U QI -HO-K] pa la
tri-p-ootilamane  dissoute em hAnzene &0 oils sont determings par spectromnetie debsorprion atarnigue,
Laddition de K| dans le milieg UG Cly - HE) rende meilleure lextracinn des eteménes oi-dessus. La phese
arganigue elle-méme est brilee dans le spectirophotamatre en uelllsant une flamme ce Hy &ir, o que rend ain
augmen=aclon dans la sensibilee des lectures, La précisian est compris dans (e rang du 2 3 12%.

RESUMOD

Estuda-ze a separacAc e delerrninacan de By, Od, Po, Hg, Auw » Ag prezentes como [ragos Mo wrénig
rucigarmente puro. Qs elemerios sio edfraidos pela trion-octilaming dilsida ern benzeno de uma solucio
LG Clg-HCI-KI & analisados por espectrofatometria da absorcdo atdrmica. Elementos nao extraldos LAgl ou
porciaimente extraidas (Bi Cd. Pb, a Hgt pels amime tercidria d¢ maeic UGaCly-HCI thm sua satragdo
s ficarternente melharada pela adigan de ipders de potdssio na fase agupes. A& quaime direta de fase
gruanica o espectrofatémetro de eheorgo guamics usendo-seé wma chama de hidrogdnio-ar permita um
durminig ra sensibilidade das leiwras. Os degvios pedrdes relatives pare as elementos estde compreendides na
faixa de 23 12%.
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Separation of Trace Metal Impurities from Nuclear Grade
Uranium by Long-Chain Amine Extraction and Direct
Determination by Atomic Absorption Spectrophotometry

Sergio de Moraes and Alcidio Abrao
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The purification anel coeonverswon ol uruoum concen-
Crates Lo ouclear grade products require the identitication
and determenation of a serics of trace metal opurities,
simne of whoeh have duletecionsly hgh theemal nenlron
vapture cross ectiens The majorty of the published hter-
ature in this area has approached the protdem by an uital
~eparation oF the matrx oranum oz, for nstance, sob-
wvant extraction. and determuning the crace mpasnes in
the raffinale. Aoy procedurs that could primanly separate
the icnpurities by solvent extraction, or otherwise, from the
tnapor constituert, waniwm, would be advancageous and
attractive. Thi= paper deals with such an approach for the
separation, congentration. and determingtion of micredram
guantitias of & series ol metals present as inyaritees in high
gr.*ade rannirm.

long-chain amines have Begn ntilized exrensively a5 ex-
traczing agents for waricus elements, including aranidm.

T'he literature on the sabpect. s exiensive (=93], Such pro-
cedutes have also Leen investipazed in this laboratory for
isalaling trace medal concenlrataons rom hydrachlorie agid
merdia (00 O pertinenl (oterest is the use of tri-r-ocotyl
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amine (TOAY, Jdiluled with an inert selvent as excracting
agent. The extractive separaticn of cadmivim, silver, gold,
mereury, lead, and bizmuth froen agueowz hyeleochlor
acid =olutions of uranyi chloride v use of TOHA in benesne
was studied. [ waz demmanstrated that, while Ao was guan-
titutively exteacted, Cd. He, Ph, and Brweee oy partally
exttacted and Ag not at all. Addition of 2mall quantitics of
potaszivin dadide G the aguecus acid phase overcame Lhis
difficuliy and permitted high and reprodocible extractian
by the aminy.

Atomic absorplien spectrophetometry indeed appears ta
he the methed of choiee for Lhe determination of a variety
of trace elements in lermys of senaitivity and convenience
In this sturdy, the imparity elements, after extraction fram
uranium chlorkle solutinns, were determined by atomic ab.
sorptien by directly Lorping the arganie phase it the spec-
traphotometer,

EXPERIMENTAL

Apparatus. Ahsnrphion meaziuresnencs wese made an o Jarrell.
Ash series H2-50L atomicflama  enusseon  speciTanhatotieler,
equnped wilh a 0.3-meter Eherc-tvpe memachramazeor. The e
luctrn af the instcumert s 0.2 & in the fizst arder. The apactin s
remnater baz a3 HETCO cotal ennssnnpoass burner and s mooliipas:
aptical avsiem o gave five pazsas thenngn the flame The heght of
the HETUO buener was adjusted ior each slemant te acrieve opti
moum readimgs The Lollewing spectral lize: were used: (am) (id,
ZUEE: Aw J2E, Ao, 2428 He, 3557 PL. 283 0 and B, 306N The
lirbl source wag prebegled a0 deash 19 mioules belore use Acete-
lane-arr amel hydrogen—aiz Aames were dested The compressed air
ws droedd Theeagh a celurna uf silicy gel and finalle filcered Lo re.
moeve snlid particles and nil rosr Chptimum feel prossures wene wd-
Justed fur maxegm elemoeal sensitrvities,

Reageonts. All chericals were rearent grade (B Merck; Dk
Car.o Frha, 53a Pealn, Brazill ar af the highest party availuble
Ieinnized waler was uzed lor the preparatinn of all aguenuz snln-
tons Tr-m-octyl amioe (Koch & Light, Edzlund] was utidlizad
without any furlher treacmeanc. It was ihilnced with benzens Ly pry
vide o 5% s wnrkeng anlumon These were used imraedjately
ufler preponation foavord poasible agong effects.

Pracedurs. Ammoriom duwgranate (41000 was lissolem) in by
drachlurie aeid and adjusced oo 0438 in Free HOL in the fioal ofily-
Lo, Snlaroens thao enstained potassiom odide weie zimilarly md.
:ll.].‘cr.F.'l‘l ree A Finel 047 HCL-O00 1 KL FH'[.:,- fril :i|i|‘|l.|.|.:-r.-j nl’ ura,z'._l,'|
chlonide salations 11 360 2700, ta which were added mireogeats
quantitics of Cd. Ag, Au, Hg, PR, and B indivedoally e in
roistuares. ware axtracled thrice welh A-ml prréons of TOM-hen.
zene. The orranic phasc was similarly washad Lhree times seih -
ml Loy ot A4M HCL or 00l THT-000A K], respectively. 10 the
b series of experiments. The final crgame phase aas Bltered and
made up ta [0 m] with benzene.

U'he TIA benzens phass was hurnsdd dieectly omoshe atimiir als
atplion spectropholomedar to decermive the conceatralinn of e
tracted trase elements. Elydrager am flame was nrelerentally
st i wiew of 1ncreased sensiovy. A& sin of slandurd calibralion
curiis were @lio Tun hy the zame prececdure, hnwewer ginitimg che
mmglris wranine o the agnecns phase Siclaely o 2lank e i
mend was perkormed otleuns 8 previousty purified draniom i
whiich Lhe t-are matel impices were separafed by TR Lenesne
BELRACELEN.

RESULTS AND DISC1ISSI0ON

Amine Extraction from HCT Meadium. The exlraction
of melals Trom bydrochlocic acid medium with an arganic
prhase consisling al tre-n-peryl umine diluted with benzene,
or other diloents, depends mainly on the caparity o the
mretals 1o form anionic chlnride eompleses, 2o is congider
able in Lhe case of sovern] medals, inclodimg G, &g, A, Hy,
Fh, Wi, P, o, 2a, Sngoand UL Inoquch svstems, the infly
ence of HCL corerntration s of paramount importance on
the cdisteibrlien coeflicients of the warpss metal onps.
Mirza et /d (2], have stiwlied the behavior af several met-
als toward extraction with Lri-ae pervl amine diluged, with
melhyl isehuty] kelons Irem hydrochlorie seid solationes
Ahrao {11 hays inveslgated Lhe nse nf trion- ockyl aminge for

AMALYTICA. CHEMISTRY., vl

the separalion of urgnium from 24 metals n HCD and
U020y WO media,

An sitempt waz made to odapt such salvent extraclion
procedures for the separaticn, concentration, and detarmmi-
natron of Cd, Az, 4u, Hg, P, and Bi from high grade ara-
o, Whereas the amioe exteactien of the pure metal ians
proceeds gquantitatively in HC solotions (% 4, /0, Lhe
presence al telatively large concentrations of uraniwm in
the syuerus media seriously inhibated their extraction. In
these experiments, the hydrechloric acid concenteation was
adjusled 1o s nominal 040 (fres acidity) to recard appre.
clable coexlraction of uraniom, The trace metal concentra-
taons weoe in the range up ton Cd, 067, Ao 1.64; Au. 131
Hg, 149L; T, #6; und Hi, 134 pg per gram of uraniom These
experiments showeed Lhal while Ay owas extracted inkn
TOA-benzene quanlitatively, Cd (28%), Flg {T2%], Pb (d4%],
and B 4%} were not efGeiently extracted and Ap was not
at all extracted from the acid-uranyi chlorde sedulio.

Amine Extraction from1 HCI-ET Medium, The wnsat -
izfactory extractions of the trace metals mentioned abave
were considerably improved by the addition of todide jon
[as W11 1o Lhe uranvl chlonde-hyelrochloris acid aquenus
media. Althogh the potentialicy of solvent extraction of
arioniec metal ipdide complexes by long chain amines and
guaternary ammonium satts waz foreseen (7). publizbed
[iteraloure io 1y Aren s lmided 42 T30 Ina variabion of
this spprewach, Abwdo (0] demonstrated] 1thal Lhe extrac-
tion of pure Pb and radiolracer Pl 022¥Ph in thoriam) in
TrA-benzone was itnproved auancitatively by the middilion
off srmall gquantitios of KLt the hyedrachlore acid solutien.
Similacly, while the exiraclion of Ap diminishes from 9
in GOEM O L 3% in 8389 HOL addition of KT to the acid
soletion browghl about guantitative exteactions in TOA4& .
henzene.

Based on these abservations, e solvent exlraction ol
A, A, Hi, Thy ared B3 aed separatico Toan ursnigm
was sludied. The agueons phase containing uraninm was
adjusted bo g fraal 040 T Q0T M KT The Lrace slemend.
eoncenirationg were idenlienl Lo these menimeed previoes-
. The relatwe exteaction of Lhe metals into 1O A-bencens
were: Cel, 88%, Ag, Bilve: Ag, 1004%; He, 84%: T'h, 21%; and
i, 88%. While no change o che sxtractabiliiy of Ay was
experted, conziderable Improvements in Lhe extraction of
i, &g, He, and Biinte TOA-beazens wees plisined .

Atomic Absorption Determination ol Tragce Ele-
ments. A signifieanl sleeevation in Lhis sludy 5 the en
hanced abanrbance preduced Ly burning the nrganic phaze
(oA -benzened ditectly io the ateenic sbsarplion spectre-
phedgoeter. Then, for the pure «lements, the abserhance
values wern increased by g dacter, 1.5 (04], 20 {Ag) 1.7
{4u). 1.4 (Hg), LB (Fh), amd 2.1 (15) compareed to those ab-
tainghle by hurning similar concertralivn of the aguenus
acid phase. Additionally, the absorbance of the pure ele-
ments extracted iota TOA-henzeowr toem D408 HID and
0.4M HCD 001M KT, respectively, was identical and repro-
dueible, Caliheation curves obtained {absorbaace w con-
centeation, og element per ml orgamie phazel for Gl 01—
LAl Ag 900 1.5 Av (02400, Hp (102000, Bl (10100,
and Bi 110 1300 were linear in the eotire range. Besides en-
hancement of abseroance, the peecihility of avoidiug srip-
pirg the crgamc phaze for the eatracted clemones was un-
erther convenient advantage.

111 A R Prokashaw. Lo#. Checnsiin 4. £ (ofa ard Fu. A4 alcioe o Amal
Cham USSR Eng, Transl, 37, 12306 11572)

P12 d, L aea 5 0 Brivaslawa am FF O Hotbaedd, Lo, Aca) Qi dresla,
31, 534 4 1064)

131 LG Tuck ant FJ Woodhouse, J Chaen Soc . Supoi, 6214 11964),
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It muzt be mentinned that the relative sxtraciions of the
varous metals into TOA-benzens from acid solutions con-
taining uranium, presenied above, were computed on Lhe

. baats of their abzorhance wich reference o the pure metals

sitnitarly cacracted from gcid media, bt i3 believed that the
rmatrix effect of small concentration o uranium coextracl-
e wath the trace elements into TOA benzene & primarily
thé reason for an apparent lower than 1004 recovery of T,
Az, He. Pb, and Bi. Reprated extraction from the aguecus
raffinate did net improave the 'compated™ recovery values.
Ta the extent thal the culibration for the elements sepa-
rated feoin uraniue By TOA  benrene extraction and deter-
mined by atamic abserption were reproducibly Lnear in the
entire concentration range, the analvtica’ application of the
methied g ovidont.

CONUCLUSION

The combination of the solverl sxtrarti:on gand atomic
absarption fdetermination of a ceries of trace clemoents has
prowed to be a anigue approach o the analyzis of noclear
grade uranivm (AT and L1030 While several pure sle-
ments are well extraeted by long-chain amines From hyedro-
chlorie acid solation, the presenne ol appreciable concen-
tratinn of oraniaom and chloride ions constitute zerious in-
terference, Jmwering the amt ivily of the roetyl chlore com-
plexes. Such an inleeferete s o macked for silver, for px-
ample, that TOA henzene does ner exdrael lhe element

Lromn TMILCL-HCT moedium,.

Addition of 2 small concentration of KT surmounted the
diffimley and provided peactical aod repreducible extrac.
tinn of the warious elements in the presence of uraniom

T'he exact mechanism of the exttaction in the presence of
werdicle ions 18 not well widerstood. The possilality exists for
the formation of stennger welide o vver mixed exdo-chloro
cnmplexes of the ietal ions. [Uis alse perlinent Lo iolicate
that even precipitates like the eldorides wnd jodides ot Hg,
TL Az Bi, and Ph are dissolved and extracted by 104
beneene from hvdrochlorie sced selution (500, Teon and eo-
falt were not ettraclyl by TORA-Denzene; copper was ex
teacted. but it eould bwe stripped quanlitatively foom the or-
panic phase by washing wath HC1 KT aolution.

Cuncentrations of uranium o the aguomss plase have
Appraached up to W grams per iter. However, no duffi-
culty i pluase separation wirth TOA_herzene was experi-
enced. Aceammodating such high rorcenkration of the ma-
triz urgninm necessarily provides for increased analylical
wepzitbvity for the ttace clements The enhaooed absoch-
ance obkainahfe in direct burning of the organic phase is an
added advantaze of procedure,

The technigue rutlined in this paper is routinely userd fur
the analysis of Cd, Az, A, He, Ph, and Bi in uraniom Cali-
bration ourves ohitained with the vraniom matrix have real-
ized relutive scandard devigiions af approximutsly 204, 62,
12, and 3, respectively, for these slements in the trace
concentralion of interest. An extension of this work s
progress Bor the determination of frace metals in nuclear
grade chaeium (74).
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