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THE ESTIMLTION OF UR.NIUM IN TRIBUTYL THOSCHLTE SOLUTICNS,
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o
! ABSTR.LCT ﬁw

The estimation of uranium in tributyl phosphatc solutions by thc
standard hydrogen peroxide chlorimetric method is discussed, and
experinental details of a method are pivens .n alternative procedurc
by meang of thiccywnale is also described, and some comparisons arc
dr~wn., The methous discusscd are guitable for quantities of uranium
dovn to 200 micrograms in the presence of the tributyl phosphate
dissolved in the agueous ertrecting, solutions, }
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Intrcduction

The following work was underteken ar o consequence of difficultics
encountercc in ottenmpte to estimate womivm in tributyl phosprate
solutions during &« recent uroni m purificotion r'm on the Micro air-
Lift upparctuse. The precise natwre Hf the “rouble was, at the tine,
difficult tc asscss, bul ics olfe~t rendere. e results so lnconsiscont
28 to be werthless. 71 wes decided thoselc e, to cousider th. oroblem
under the Tolliwing hie lings -

(2) Transfer of vrin ur from the ur, ~1l s loyer intc e aovsoun
solution,

(b) Modification, i1 nceessay, of tro ovis’ing covoxide o) simetric
methed for uge vith ghls wpoovs gowation,

(¢) Investigation of the co'fies  tle .bhed of dssolved tributvl
phrsphate in the agqueus o Jedior,

a Exominatin of o alloxr-Uive v ¢ (oo For s devermiration.
i

The introducti i of o 2ltownchisc »ecedwre e as o recult of
the cbserveti-n o7 o turbicity 1w s2diag coustbic 3de to the agueous
layer after extracti m of the waniun w1 Srilury L phosphates Tt
had been enccuntercd 1n sme oy oce sloue hen ™ alysing butcen
solutions, snd was belicvea t Fo cue, _3Losome meosure, to She
dissclved organic phcsc in alikline soolwuiion, The provisiom of «
method therefore in vhich the werlum cov?& be dssermined in acid
solutim would, 3t weg beldcved cLviode ¢ recurrones of tle dif{licuity,
and of those availeble the thiocyonase methed wag chosen to sap.leiicnt
the existing per wxide mcihods Mo 5lownt was made to investlijate thc
method as such; it woy wsed o dencrinod eloevher e’

The cxtraction 1wz r - G T T,

wWhile dnfornmation is avaiinble on tte portition of wran! w1 begveca

tributyl phosphate @d aguesus soluiions”, Tittle or no data Yuve Loo
published on the stripping of wuraniina from ihis solvent, Tab. hus
been used in both Cannde wnd the U,S..,. and in this country oruaoniunm
sulphate (40O gns/1.) was vsed 1r a wanlwa pification Tl ™ 2
semi-technicel scale, 1t was felt, AOWT that the introdiction of
high c necentrations ol susphote 1on migat lead to complicatior s in the
subscquent onalyticel procedures, and it was decided fo examiw ciher
reagents. .Ssuring s.me giluilerity o bribulyl phosphate with butex
in its physical cffest on wanyl solutions, the exa ation of sodium
carbunatc followed s o mitte ol cour-e, ul ac a result of soaec
preliminary work alkaline hydrcpgen percxide was included in the 133
of potentirl stripping wgents. The adventages or this latter in view
of the =~n-iyticel method crployed in the aetcrmination of uranium are
self-evidert, @inally alihough exicting work his shovn that nitric
acid assicts the tronsfer of urxnium from the -queous into thre

solvent Llayerd a 1.0N HNOz sclutlon was included for purposes ol

comparison,

The tributyl phosphate used wng o comnercial variety supplied by
the Chemicol Ingirecring D3v1 sion, end dignilled at & temperature of
116°0 -~ 118°C and 3 ims, jrussure, this being the procedurc proposed
for its use in futuro semi~te shnical seale cxporiments, .fter

vashing with 6N nl ol it wes diluted with kerosene, alse
edlstlllbu (200° C))zn the ratic of 20 purts tributyl phosphate to
80 parts of kerosene by volume, ngiin in nccordence with sta inded
procedurce

This solvent was stirred fer 10 minuvtes with on egual volume ol
a standerd uranyl nitrate sclution coniaining 10 moms L/mJ and
~ 4,0N in nitric acid, and alter scpoiatlon of the phasges uranium was

A
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determined in the aqueous layer gravimetriecally, and by the peroxide
and thiocyanate proccdures. In the case »f the latter two, blank
determinations by «n identical vrocedure in the sbsence of uranium
were cerried cut, nd lter mking the nccossary corrections the
uranium content of the golvent layer wesg ¢btained by differcnce. Since
21l subsequent results were based on the slock solution of tributyl
phosphatc/uraniunm thus proparcd, detailed experimental data for the
analysis of the ~qucous layer are given in Teble I,

TsBLE I.

Experimental: 20 rls, of tributyl phosphete solution stirred for 10
minutes with 20 mls, of st'wdird uranyl nitrate solution (10 mgms U/ml,)
and 1,0 ml. of conc, nitric acid, lhases scrorated, and 2,0 ml, aliquot
of the aqueous loyer token for eolorinctric in-lysis by means of hydrogen
pervxide and couoniws thiney nite 40,0 ml, alicuot of aqueous taken for
gravimetric determination of uranium, (Lrecipitation as diuranste and
conversion to Uz0g).

snalytical |ubsorb-|.bsorb=-} Cirrecetbod] mpms U mems U mgms U in|mgms U/
method., ancy, |oney of! abgorti-~ in  jin ..queous| Sulvent ml,
blank, DNCY . sample] layer. laycr, |Solvent,
lercxide Ouli€2 0,015 Ol 17 3.28 | 3Bhoby 165456 8.28
Thiocyanate| 0,710 | 0,015 0,695 2,20 1 3,23 165477 8.29
Gravimetric Aj 1643 e 23 165477 8429
i
wverage concentratl m oof uwrrnium in colvent loyer, 829

4 comperison of the gtrippin: erficioncy of water, N, nitric acid,
and 10% amcniur sulphate, was effecled by extracting 1,0 ml. of the
stock tributyl phosphrte/uranium soluticn twice with 5 nls, portions
of thesc¢ agents. Lfter scporotion of Y he wquecus 'nd orgonic layers
uraniun woas determined on the foruecr Ly the peroxide and thiocywnatc
procedures, Some slight modifie~tion w s introduced after stripping
with 10% sodium ¢ rbonite; the aqueous layer was neutralised with
nitric acld, and o f'ew dr ps excess wcoid odded, after which the solution
was boiled to clirinnte cirbon dioxiue, TFrom this point the procedurc
was identical with tht euwployed for she other stripping agents. 1n the
casc ¢f the alkaline peroxide 0,b ml. of 20 vol, hydrogen peroxide was
added to 5 uls. of 10% sodlum hydroxide ir. 1 separating funnel and,
after mixing, 1.0 ni, of the tributyl phosphate uranium stock solution
was added. nfter shaking and allowing the layers to separate the
aqueous layer wes run ianto a 50 mle volumetric flask, The operation
was rcpeated with ~ further 5 mlse. of allaline peroxide and the aquecous
extract added to that in the flask, .fter which the volume was odjusted
to 0 mls. with water and the solution exarined on the Spekker
Lbsurptiometer. In all cnsces blenk determinttions using identical volures
and procedures with an 80/20 kerosenc/trioutyl phosphete solution were
carried out -md (pekker readings were made using a 1 cme cell, the
Chance 550 Pilter and the mercury vaoour lanps.

Nothing further necds £0 be added o the cxperimental details
already given with the cxception of  notc on the actual shaking of the
solvent ond aqueous lowyers, Violent sheking over prolonged periods is
entirely wneccssary, cnd, in the easc of active solutions, inadvisable.
Early experirients failed prrtly because the two layers had becn so
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Extraction |analytical |lbsorbancy|lbsorbancy of |Correctedimgms U in|Conen of U [Efficiency of eonc,
Hedium, Method, blank.  |Abearbancy| aliquot.|in sample | Extraction. |© % oo
mEms, *
1,0N nitric |Tercxide 0,265 0,017 04248 1673 L33 52.3 91
acid Thiocyanate, 0s435 0,013 Oalt22 1482 4e55 54¢9 8e1
fater Yeroxide 0,39 0,010 0,384 2,80 7600 Bhe5 148
Thiocyanate 0.629 04007 0,622 2.87 . 7.18 8646 15
104 anmonium|Deroxide 0,465 0,013 0elr52 3632 8430 100, 3
sulpha‘te. ) OJJ-6O 00013 Oo’—l-&-? 3025 8a13 9895 062
Thiocyanate 0,650 0. 010 00646 2695 738 89,0 1.2
0,667 0.010 0,657 3.07 7.68 92.6
10% sodium |leroxide Ouli5 0.,C10 Colt35 3425 8,13 98.5 0,2
carbonate, |Thiocyanate 0.70L 0,007 0.697 3.32 8430 100,0 -
ﬁlgiline Teroxide 04470 0.017 053 3.32 8,30 10043 -
ydrogen - Oult70 0.019 Oelt51 « 30 2
ol . 45 33 8425 9906 0,05

STT oTqul, Ut Wat8 oxe sjusutasdxe Jurddrags oyg Jo S3INsax oYl

*A3TNOTIITP

NOULTM JoLRT JUOATOS QUL WOIJ UMTUBMM oyj Jutacuod Jutyeys o1jued

AouIOI Uo J9LBT snoenbe oyiz puc oTqIssodwt

SeM UOTL0WILXS OACJe POUOTIuUow sjusmtiadxs
asouTe Ses uoTjeaedes TBNJUGAS JTOUEF 38U} POXTuIsjut ATSnogodTa

*fpnoTo POUTBWSI TB.

e

oy




Se

Lo

fpocoiccazscage)

It will be noted that ammonium sulphate, sodium carbonate,
and alkaline hydrogen peroxide are all effective as stripping
agents under the conditions of the experiment, and that a good
agreement is obtained with the results. The figures also indicate
that water could be equally effective if used in larger volumese

" Some inconsistency was observed when using the thiocyanate method

with the ammonium sulphate strip, but since this method was used
largely to supplement the standard procedure and not with the
intention of superccding it, this apparent failure of the
thiocyanate method was not pursued, :

Spectrophotometric data for uranium/alkaline peroxide and uranium/
thiocyanate complexes as applied to the determination of uranium in
the presence of tributyl phosphate,

Many workers have investigated the peroxide method for the
determination of uranium and experimental det@i%s and the absorption
spectrum of the complcx have been published#!D’ * While however
thiocyanate has to some catent rceplaced peroxide in Americal it has
not becen so widely used in this country and it was felt that the
spectrophotometric data might with advantage be included in this
work,

The absorption speetra of the thiocyanate and peroxide complexes
with their respective rergent blanks in the presence of tributyl
phosphate arc shown in Fig. 1. They were determined on a Unicam
instrument., It is seen from these curves that the reagent blanks
containing dissolved tributyl phosphote cease to absorb significantly
sbove 35004 so thet the Chonce Filter No. 556 which has its maximum
transmission at a wavelength of 36503, may be used with the Spekker
sbsorptiometer to give the cptimum sensitivity with this instrument,

A lower blank absorption may be obtained by using the Chance
OVI/Wrattcn 2 conbinntion, isolating the mercury line 40&73, but the
curve shows that the lower bloank does not compensate for the
decreased sensitivity using this combination, In this latter
connection it will be observed that the sensitivity of the two methods
at the wavelength LOLT7R is vory similar (molar extinction coefficients
0,8 x 103) wherecas measured at the wavelength 36508 the thiocyanate
method has ~lmost twice the sensitivity (molar extinction coefficient
3 x 103 for thiocyanate, 1.6 x 103 for peroxide)., The above confirms
work of a similar naturc corried out by Beamish and Curragh?,

In Fig. 1 are also shown thc absorption spectrum of 80/20 kerosenc
tributyl phosphoate and the tronsmission data for the Chance 556 and
Chance OVI/Vir~tten 2 combination filters.

A plot of ebsorbancy againstxuranium concentration for the two
methods is shown in Fig. 2. The data was obtained using a Chance 556
Filter, 1 cm, cell, and mercury vapour lampe

Conclusions
Lonelus e

From the data given in Teble II it is evident that either method
is soatisfactory for use with tributyl phosphate solutionse. Of the
two, however, the peroxide method is preferred as being much quicker
and equally accurate for the range of concentrations within which it
is expectcd to be used. It has been shown that dissolved tribubyl
phosrhate in the agucous layer after extraction does not materially
affect the results obtained by either method under the conditions

stated,

gince blank dcterminations are of the order of 0402 the accuracy
of the peroxide method using o 1 cms cell @ the Spekker is not good
with quantitics of ur-nium less than O mgme It can, hcweveg,'be
improved by msing o L4 em. ccll, when reasonable accuracy (: 2068) has
been obtained on quantities as low as 0,2 mgm, The thiocyanate
procedure, owing to its higher specific extinction, is more
successful vhen used with amounts of uranium of this order,

-l -
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Finally should it be advisable at o future date for reasons as
yet unknown to chenge over to the thiocyrnate method, extraction of the
wranium is quick and effective, and the procedure presents no
difficulties,

Details of the two mcthods in their application to tributyl
phosphate solutions are given in sppendices 4L and B.
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JPPENDIX 4

The determination of Uranium in Tributyl phosphate

solutions by the Peroxide /bsorptiometric

Method,

1. Solutions,.

godium hydroxide = 10% solution in glass-distilled waters
Hydrogen peroxide - 20 vol,

It is advisable to preparc

fresh each time by diluting 100 vol, with glass-

distilled watcr,
2¢ rrocedure,

(1) Add 0,3 ml. of hydrogen peruxide
t0 5,0 mls. cof sodium hydroxide in o
small separating funnel and mix.

(2) ripette sample containing 1-8 mgms.
of uranium and add to alkaline
peroxide in fumnel,

(3) Shake gently for sbout 1 min (a) and
allow to stand for 5 mins, so that
aqucous and solvent layers may separatc,

(4) Drain off the lower agqueous layer
into & 50 ml. vulumetric flask, .dd
3 mlse. of water, swirl gently and agoin
drain off into the volumetric flask (b).

(5) Repeat the extracticn by the
addition of a further 2 mls, of caustic
soda and 042 ml, of hydrogen peroxide
(c¢), extract and wash as in (3) and (4).

(6) Mcke up volume to mark with water
(d) and examine on Spckker using Chance
556 Filter, 1 cm, cell, and mercury
vapour lamp.

(7) Mekc the neccssary blink corrcction
and determinc uraniun content of sample
in mgms U/ml., from calibration curve,

Calibration Curve,

Notes,

(a) The extraction is quick and
efficient and violent shaking is
unnecessary besides causing
difficulty in the separation of
the wqueous and organic layers.

(b) the water wash is for the
purpose of removing caustic soda
containing uronium from the stem
of the separating fumnel,

(c) 4dd the peroxide first. It

is unlikcly that a precipitate will
form on the addition of the

scecond 0.5 ml, of peroxide.

Should it do so it will

immediately dissolve on addition
of the sodium hydroxide,

(&) It is essential to use glass
distilled woter throughout,

Treat known volumes of a standard wranium solution, the uraniun content
of which has been determined gravimetrically, with 0.5 ml, of 20 wvol,
hydrogen peroxide and 7 mls, of 10j° coustic soda in a 50 ml, volumetric

flask,
stand for 10 minutes,

Shake, mcke up to 50 mls. with glass-distilled water and allow to
Determine the absorbancy of the solution on the

spekker using o 556 Filter, 1 cm. ccll, and mercury vapour lamp,

Detcrmine the absorbancy of the reagents in the absence of uranium,

1lot the concentration of uranium against absorbancy after deducting the

blank from the latter,

31°~ 5’
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[SPENDIX B

The Determination of Uranium in Tributyl phosphate
by the Thiocyanate absorptiometric method,

1s  Solutions., Sodium carbonstc =~ 10% solution in water,
ammonium thiocy:nate = 608 grams per litre,
Stannous chloride =~ Dissolve 10 grams of stannous chloride
in 20 mls. of concentrated hydrochloric acid and
dilute to 100 mls, with wrter.

2 Procedure.,

(1) ripette sample containing 1-5 mgms, (a) The extraction is quick and
of uranium into 2 small separating cffective and violent shoking is
funnel, unecessary besides causing

dirficulty in the separation of
(2) »3d 5 mls., of sodium carbonate soln, the aqueous and organic phascs,
and shake gently (a) for ~bout 1 min,
sllow to stand for 5 mins. so that aqueous (b) The water wash serves to
and solvent layers may separate complete~ remove residual sodium carbonate
1y, containing uranium from the stem
of the separating funncl.
(3) Drain off the lower agqueous layer

into a 50 ml, beaker., 4dd 3 mls, of (¢) 4 small piece of litmus
water, swirl, and add the aqueous layer paper assists herc,

to the contents of the beaker (b).
(&) To reduce iron either in
(4) Rcpeat pars. (2) and (3) with a sample or in reagents.
further 5 mls, of sodium carbonate
combining the extracts with the previous  (e) The cxtinction of the blank
ones. may be determined by treating a
volume of TBP in keresenc equal
(5) Neutralise the sodium carbonate with  to that of the sample according
nitric acid (¢) and add 2 or 3 drops Lo parse (2) - (8).

in eXCess.

(6) Boil to remove CO,e Cocol and transfer
to 50 ml, volumetric flask,

(7) #dd 0,2 ml, of nitric acid, 0,2 nil.
of stannous chloride (d), shake and then
add 10 mls. of thiscyanate rcagent.

(8) Meke up to 50 mls, with water und
examine on Spekker using 556 filter, 1
cm, cell, and mercury lamp,

(9) Meke the nccessary blank (c)
correction and determine uranium content
of the sample in mgms U/ml, from a
calibration curve,

Calibration Curve.,

Treat known volumes of a standard uranium solution, the uranium
content cf which has becn determined gravimetrically, with the reagents us
in pare (7) and mnke up volumes to 50 mls. Determine the absorbancy of
the solutions on the Spekker using the 556 filter, 1 cm. cell, and merocury
vapour lampe

Determine the absorbancy of the reagents in the absence of uranium.

Plot the concentration of uranium against absorbancy after deducting
the reagent blank from the latters
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ABSORPTION SPECTRA OF U/CNS” AND U/H05(ALKALINE) COMPLEXES WITH THEIR RESPECT!/c
REAGENT BLANKS (WITH TB P)
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