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THE COULOMETRIC DETERMINATION OF URANIUM
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INTRODUCTION

The determination of uranium by titration is usually accomplished
by the oxidation or reduction to the six or four valence state of the element.
Of the several redox methods, one of the more useful is the oxidation of
uranium(lV) to uranium(VI) by ferric ion. This method has been described
by Shipley (8). It consists of pretreating the sample to remove or nullify
interferences, reducing the uranium to a mixture of the U(Ill) and U(Iv)
valence states by means of a Jones reductor, and titrating with standard
ferric sulfate solution back to ®(VI) at an elevated temperature,

A study was made to adapt this method to a microcoulometric
method, Many modifications were found necessary, but the basic titra-
tion scheme of preliminary reduction of the uranium followed by oxida-
tion with ferric ion proved feasible and was retained, The method proved
readily adaptable for use on an automatic titrator reported previously (1.

SUMMARY

An automatic coulometric titration has been developed. The
method uses the atomatic titrator described previously and depends up-
on the use of a lead reductor to reduce the uranium to the (IV) valence
state, and electrolytically generated bromine in the presence of iron to

oxidize the uranium to the (VI) valence state, Samples of 0.0l to @®
7 mg. uranium content can be automatically titrated, The inter-
5

ferences with the method are few, and dilutions of 10~ M uranium can
be titrated,

@
EQUIPMENT

The constructional details of the titration cell used in manual
and automatic titrations are given in Figure 1. The indicator system is
that of Reilley, Cooke, and Furman (6). The electrodes are two platinum

C
®
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wires dipping in the sample. These are polarized by a small constant
current of 1.1 to 1, 3 microamperes, as explained by Reilley, et, al, (6).
The constant current source is composed of several 45 volt "B" batteries
(Burgess Z3ONX) connected in parallel with 40 megohms resistance in
series,

The gen%rator system is a two©compartment cell composed of a
platinum anode immersed in the sample solution contained in one com-
partment, and a platinum cathode immersed in 1:1 sulfuric acid in the
other compartment, the two compartments connected by means of a
silica gel salt bridge. The salt bridge is prepared by filling a tube to
the required length with sodium silicate solution (40° Be). The tube is
immersed in l:] sulfuric acid, and 1:1 suifuric acid is placed on top of
the solution. The acid causes a thin film of gel to form immediately
which seals in the solution. The bridge can be used after a short (15
min.) aging period. Diffusion of acid from the catholyte cause®all of
the solution to gel in a few days to a compact, low resistance plug,

If made properly, the bridge permits only a very small flow of catholyte,
and remains operative under the heat an% acid conditions of the titra-
tion with a life under continuous use of several months. The catholyte
must be replenished from time to time with 1:1 sulfuric acid.

The cell is heated by a small heating element (Hotspotter
Heating Element, Fisher Scientific Co., Cat. No. 11-502-15) controlled
by a simplytrol pyrometer (Cat. No. 4533, Assembly Products Co.,
Chagr'.- Falls, Ohio), which uses the iron-constantan thermocouple for
temper: - ire sensing, A 100-ohm 100 watt resistance is placed in
series w.th the heater circuit to permit slower heating and extend the
heater life. The temperature of titration is 95 + 1°C and is critical,
Above this temperature the solution boils and ruins the determination,
Below 92° the titration reactions are too slow for automatic titrator
use, and below 90° are too slow for manual use, The condenser of the
cell returns water evaporated by the sweep gas from the sample,
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@O If it is not used, the evaporative losses are very large, and the sample

@ cannot be titrated for more than a few minutes. Rapid stirring of the
sample is necessary but is not critical, The gas blanket used to prevent
air oxidation is carbon dioxide, but nitrogen or other inert gas could be
used. The carbon dioxide is freed of oxygen by use of the gas scrubbing

@ train shown in Figure 2, The gas is passed through water, chromous
sulfate, and water again. The first water scrubber is used to saturate
the gas to lessen the evaporative loss in the chromous sulfate scrubbers,
the second is to remove chromous sulfate spray. The first chromous
sulfate scrubber is a modification of a gas scrubber described by
Shaw(7). The action is as follows: the incoming gas passes through the
jet and pulls or traps a small amount of solution into the center tube.
This is forced up the top of the scrubber by the gas, and splashes back
on the glass beads in the top of the scrubber. The large surface
exposed to the gas gives very efficient scrubbing. The liquid drains ®
back to the reservoir at the bottom of the scrubber, where it passes

. through amalgamated zinc to reduce any oxidized chromium, The solu-~
tion used is 15 g. /1. chromic sulfate in 1:4 sulfuric acid and is replen-
ished by additions from the reservoir, The second scrubber is used
as an indicator of failure of operation of the first, since small amounts
@ of oxygen cause a marked change from blue to green in the color of the

solution, A flow rate of approximately 100 cc, /min, per titration cell
is necessary.

® The manual titration apparatus is shown as a blo diagram in
Figure 3. The constant current source can be any suitable source; the
one used has been described by Carson and Ko (2). The timer is a
Standard Electric Time Company Model SM 60 electric stopwatch, used
as described previously. The potentiometer is a L.eeds and Northrup
No. 7655 portable potentiometer; any good student type potentiometer
can be used, The indicator system requires a high impedance volt
meter; a Beckman Model G or Model H-2 pH meter is satisfactory, The
@ automatic titration equipment has been deS@ribed in a

S 1141 :

previous report (1),
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®
Reactions. The following equations give the reactions occurring
during the analysis:

Reduction of sample in lead column:
@ 1 UO‘,‘B):-2 + 4HBr + &b ——> UB:'4 + PbBr2 + ZHZO
1) 2FeBr3 + Pb

> 2FeBr, + PbBr,

®lectrolysis:

3 @at cathodey 3& + ae
% (at anode) 2Br - 2e

>H2

> Brz

®
Oxidation of sample in titration cell at 95° ¢

®
5 (Fast) ZFeBrg) + Brg > 2FeBrg @® ®

®
®6) (Slow) 2FeBry + UBr, + 2H,0 —> UO,Br, +4HBr +

. 2FeBr 2

/

Reactions 1 and 2 require the presence of a minimum of 3 M
chloride or bromide. The reduction is rapld and quantitative in either
case, Chloride is unsuitable for the titrations since poorly defined end-

@ points are obtained. The presence of chloride in the titration does not
iuterfere, however, when a bromide media is used. The primary anode
reaction product is not accurately known, although a reasonable process
is the evolution of free bromine as shown, It is possible that the iron
is directly oxidized, but not very probable. Iron must be present for
the oxidation fo be stoichiometric with respect to uranium. The control@

@ ling reaction rate is the relatively slow reaction between ferric ion and

®  the uranium (IV). This rate is Qoslow for practical titrations unless
the ®emperature is kept above 90°¢.

Interferences. A number of interferences of the titration
exist, but many can be easily 6emoved by simple treatment, Molecular
B
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oxygen rapidly oxidize% the hot reduced solution and must be exluded by
blanketing the titration vessel with an inert gas. Dissolved oxygen in
the reagent solutions causes significant errors in the titration of
10-500 microgram quantities of uranium, although this error is negligible
for larger amounts of uranium. For low levels the solutions are boiled
to free them of dissolved oxygen prior to use. A resume of the study
made on interferences is given in Table I. The tests were made as
@ollows: for each element, a large excess of test reagent (50-100 times
the molar equivalent of uranium) was added as a solution of the compound
listed in the table to 2 mg. samples of uranium, Concentrated hydro-
bromic acid was added, and the sample solutions boiled down to expel
any volatile reaction products. The solution was diluted with dilute
®ydrobromic acid,""reduced in the usual manner, and titrated, For
elements listed as '"no interference', this first sample did not change
the titre of the standard sample. Several checks were made on each
element at the high level if it did not give an interference. For inter-
fering elements, lesser amounts were tried to find the maximum amount
that could be tolerated, Of theinterfering elements, only chromium and
phosphate can be tolerated in amounts greater than traces, In the case
of chromium, the interference is removed by pretitration; in the case
@f phosphate no interference is observed up to a 30:1 mole ratio ( phos-
phate to uranium), Above this ratio, the precision of titrationde- @

creases; above 50:1 there is a marked interference giving erratifresults,

Of the ePements not listed, the rare earths, alkaline earths, and
alkalis will not interfereg possibilities are some of the platinum metals, ®
®antalum, tellurium, thorium, and niobium,

fodine interferes in a unique manner by depolarizing the indi©
cagor @lectroffes whether present as iodide or free iodine. Any generated
{ree iodine should oxidize iron at the elevated temperature, similarly te
#ree bromine, and so not interfere with the titration reaction, but both
polarized and potentiometric indicator electrodes are unusable in its

=z

presence, C))
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RKRESUME OF INTERFERENCE STUDIES ON TITRATION OF URANIUM
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Does not interfere

Non-stoichiometric gnterference, not
pretitratable

fon-stoichiometric integfegence, not
pretitratable

$oes ot gnterfere
Does nAk interfere
$oes aot {nterfere

Rort- stoichiometbic ixdegiegence,
gretitratable

Does not anterfere
$oes not interfege

Ronestoichiometri® interference, ®
#emoved by complexing witlh Zg or B

Does not snterfere

Renders ¢ndicatoy system use®
#nopegative ®

Poes not interfere

Poes a0t gnterfere ®
®oes gmot interfere
Non-stoichiometric intesg§erence, not
pretitratable ®

Doegs Mot gnterfery

®oes no? interfese

Poes not interfere

®oes no? gnterfere up o @0:1 mple Patio
#0,:9

Non-stoichiometric imterfe®ence, @ot
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@oes not interfere
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Eletned? A80c s afks
in SnLl, Srot- RomBiiometaie intcalcdetion, @Ot
® pretitratable
FiCaniudiy BiCly Nom-stoichionme trde dntewdetencey dob
@retitratable
fungs tefy Ba, WO, @toiehiomelric inberTedolice, Bo?
8 © & pretitratabie
Vamadiyrm) @ama Son- s¥oichiotiettic inSctdesenon, mab
@ pretitygtable
@isc FriCly, Poes aot intcrtede
Zir coniwxy) ErOCl, JXoes net it¥eticve
Formate HCOOR) Interfefes, remoxedby oRidativh wiifh
bromine prie? to aeduction
(@xaldte W9, C ) $uterfetes, aetnoyed By oxifation wil®
© bremine prior 0 seduetioxr
Feifids @sés | Jntertetes, vemove® by okidatiom with
g breomine prior %o weductiow
SulPiad fﬁaasoa Gntegieyes, petnoked by okl@ation mith
® 4 - ®remine grior 20 Fedyctiod
NP, N P Poes tot inteelcde ®
Sulfgrrate stg,mmé Foes not iptevicte

Bhe '&@qgvents wieg in the ¢itrgtion d¥en combain significaft aByoune
@fipapupities. Ja ole case ¥ kns Fout® e veadot bs Rydrobtomic aeid |
@ontajue&® 0.5 mg, per liter o wramium. Yhis level of impwyrity is signifi-

cant beeyyse of e la® e amoutt of aci® (compaPe®to The samplep usedd
. n the detetmination, The iroh bromide solation is a@sousce #? dntewdepenc®
qeegsionally; Ris is best prepafe® by disselying pure iwoh i® Aydrobmopic
achi, wsing Prce lyrovhifie to Masten the Sissolutioh,
®
® ® %
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FROCEDURE ® ®
@e%geh@s @Jse&) in Ti®ra®ioh
® @ vest $ead: @.JP. granules, silger anddismula-feece.

Piydrobtwmin Xeid @oncefitrated, &.§. 28%.

O Flegtowlytic jrom Standard Sampie £&ompan¥, Ataes, fows,
® $ydrogen fired standara electxolytic irom.

SN dPon Breomide: Dissolye 55 @ of electrolytic iron in ®
- 500 ml, Rydrdbromic acid, add bromine
N %o hasten dissolution, and didyte €0 & Sited
® afteg the itew is dissolved,

@on Binse Swiwtioh: ®.0% NP iron and 3 W HBS. Aag £36 al.
@ concentrated HBr to 30 ml. 1M jrom
® @ Bromide solution and dilute ted litey.
Boil gently £or Htninutes 1;11% beforease
ynde# @ blanke® of oxygenslree nert gas,
Af less tharr 500 micregrata samples®d
© wahiynt axe wsed
ample 8izs, Pamples cohtaiing Hmickogtames Qe appf okimately
@@1@ of whaiyne can Pe titrate® Py $he manual &itsa¥jon; the loweg imiP
@f the gutomatic prosedume js appsexisnalely 10 tnigtograins. The pye®
@isi%l-d!% ananual sitrator is Pette® tham P of the guomakic titya-
@®ion for sagples with{ess thaw 50 micregrats; ang 2w pooret Po@ satnfffes
(Wwithhgnore thgn 260 mictogrates .,

@ {Hue 2o the ligmitation dn volame in Pe tilPatioh cell gndthe fiffh-
@ity in rimsing tBe ead reductor miePe ladge sample yolymes ave msed,
Q&e magismum sampie volyme is approgignately 2 ahl, éghe volume sppiies
@o the prefPeated sarble wolutng; i.e,, the sampble aktew adjystinent &o
a & ¥ ¥WBr comtent.” Any sige safuple volutme can be used i i¥ can ®e
adjusted to his velume ptiock to re@uctia%j

® PretPeatmaent. The ppeparation of the sgmple for reductioh com-
sists af remgving interfevences and adjusting to 3 M MBr comtent, Fod
sataples coniaiﬁing no Mewfeamces?) the iPeatment comsits w? ad®ing
@onventrated hydrobFemie aci®mnlil the sample i3 3 M §FBy. The @nfg

O Gimitatiomds that the Pina} wofugne anust be  tntximauns of @ppros. dml.

@ @
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dor e titration cell design given here. Fow safnples coftaining mitrate, ‘_
@ichromate, germanganate, and other easily weduced interferences, the -
sample is boiled with concentrated hydrobromsc acid until the byomide @ "
fogmed ¢s ®xpelled. §or samples containing weducing interfesences,

e solutionis feateqd with Aydrobfomic acid andbromite. Wost of the

excess bromife shoyld be ®egnoyeqd by boiling fof a few Ininytes pero®d

$o Pedycdion,

®.
The twmegltpent Tor imdePierences iifat awe not ré')moge@by the
sizople #pethods giyem aboye Bas mot peeh studieq ity dedail excep® for
fluoride. Fluoride is removed as an invewriedegpce by cotnplefing ®
with aj@copiwn, Methods ate glesc@®ibed by Shipley ¢8) ToP removay
of vome of the listed et fetences.

Manua) Pitration. Pake the requiPed satnpie g pHelreat®
(@emove intesferemces. ©utgas the ti¥ratiomwpell thogoughly with a rapif)
@treanyoi inert gae. Transfew the eampleg quantitatiyely to the top ob
&he leag@ ®eductot, atd pase it through the Reductor 4t & Pate of approxgy
(@hately 5 anl. /pein. Rinse the eample yessel Wree times with @-3
{#nl, portions @f ixoh ripse sodutjon, and pasé”"wépnses through the 5
®eductof, «ijowing ®he feduckor to drain to e tomef Ehe lead be¥weenm
@ach gimse, Jurn on the heated and stitPed® after the figys? Pinse Bas
Deer added, Rinse the column onge with & 2 mb. poyption of iron ginse
solution, The fingl wolume i ¥Be titration cell sBhould be 12-15 m).
Rlow the sample to heat to 95UC gnd start the ®lectPolysis by closiag
e 'titwate" swited on the constant current souroe. Eontinue the

) electwolysis until the voltage acfoss the indicato? elescirodes is 20084y,

®

From this poimt, titrate in § secefd or 0.1 minute imerements. The
ingicator system should be allowed to reach eguilibrium between gtxc@e-
mem®s of electrolysis. Comput the endpoint logation by e intetpplation
fePmela given pPeviaysly (8).

The abowe pPocedure @eeds a s}gh® gnodidica®ion with samples of
@ uPanium comtemi, @ith samples containing less Than 0,5 mg. of
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Waniufn, the iron rise aslutioh@nyst be Boiled Po¥ ntew Mifutes before
ap® ¥o expel oxygen.

Automalic Tiration Procedue. This peoceduxe re¥eds to e wse
df the qutomatic titratof geschibedPRevioysly lf. Set il confPol of e
At gro? a9 Toldows:

Eonstaht culteR? at fagtor cyrteht esifted)

#B mete to ©-800 wpr., gh® statdardgise ®
Teigger at 185 mv.
Bigne &? endpoint dyration gt 30 seouh s ®

Bytometer comtast at 957C,

Prepare the satnple ahd introdyce it into tive Gitrghion celd ik the
@#ame @nanhey as fo? e ananyal tiveation. Tutnh the '"titwyte' sFi¥ch to
o', Fhe ditrator will mow heat the mainple to the titeation tempefatupe,
®trate @t to ihe endPoin®, aed turn ifsel? wf?, The Hiteation is cotnplele
@hem the "Fimed Out" pilot tuena om. Remowe ¢he litryted symple an$
@inse®he cell shopoughly. RecoxBehe tigne ang turd dic Qitrale syitely)

®

© Gomputatiohm. Fhe wumibeys of milliequivaletts of yraniufy afe
@dhputed by spultiplyifg the cutwent im fMilliampeswes Py e titne §n
seconds gng digiding &Y 96, 500. Lhis givided by{gtwo £ives the auMmbedy
®% miljitnojes of ufanjum ik the sample, Fof safnples witk less ¢haf
@Ing. ©of wrahjym, adblank cowvreetion is necessa?y. This ie determinel)
by mnanual €itgakion af Sow cutrents with fhe saine moun@ o? electrelyte
@sed im The apalysis gnd represents e tidoe mecessaby to geherate ®
sufficient §ersie ion to give am endpoitit. ¢ is inversely pPoportionad
®0o ¢he current a%d cafk be caleulated for gny custemt, omoe it is knowd
For @ pa®ticula® curvemt. The use of factor cyrwents, especially $or e
FRomatic titkator, is recoinmended or routine yse. Fith their use,
e pperatof needs enly to multiply the tisne of tidwation by the factor @
@e ‘Obtain the resylit, By a pseope? cheice of Q, this mnultiplicationsan
be @mde very simple. @n oyde® to compyls the guggent Regessary to

o * DECLASSIFIED




~ DECLASSIFIED

gige tie Quotor @, the dollawitig Potdoulll/ can be wsatd ®
FEPxH ®
® b= Myl0% ®

Shefe @ = ourrent in Guiljjatpyetes T give Tin Gartet Q)

® =¥araday %)

@ = $amble silte iB Mie®olifePs

® = ®ni¢ tidne imp seconds ®

&P = Milliquivalemt weight of cothmowndl ®

@R = ®actor . /b pe¥ whit titned)
Shus, Me t4ltor curdent naking 1 Gninute (e wail tinge) P tits SRR ®
@igne pguivalent % 300 @ /1. wrgniamds compyed &5 follows: ®
® -00 ©
B = ©0 ®

® © @w-#2765

28s.

- gooe—°
® - 96,5004 900 x 3000@ § ® ®
® © 60 %238.6p w@0®

St 3815 gnay ®
@sinpdlie gurger® compited in ®iis t.Mios) MsurmminvmepoeRing B
of a sample would be 100 3€ where®@is givendm aninutes. B titratiog
@me of § 385 guin Fgoul dbe eqnivalens@134. % @ /B @ranium ¢ the
@ample, ®ther composads of uyaniumpeould ®e #eported i§ the milli®
@quivdlerf{ rreigh® of Bhe @ompoungdids wsedivplane of e @%-0 ®alue®

L ARG L et R o S A o PR G ¢ A A B s o, ok

of thie exasgple. ®

RESUR.T® ®

. @ieation of Doanium $tamdasl. & tamdanl solution Pyranyd
HRomide was prepared by @issolving metallic urgnium in@ydrobromic ©@
acid apd osidizing the uramium to the (V) okidatiop state aithromire,
The eolubion was made wp to corain 278, 9 ¢. /1. uranium, Dilutions®s
1000:1, loael, and 1§:1 were made, an®aicroaliquots wewe taken to give
the samples shown in Table 1. Fem aliguots of esch sagple size were

@ LIS
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analyzed by the automatic titrator.@)'l@le precision values in the table dte
fop the individual determinations and were compute@as follows:

%@recision = &

® ®
has @=&est estimate of standsd@devitip

®- g.rem,ge value o o
@® &e devwia®dions P the mverafe Qoun® values hoﬁ@o donda@@ vajae
@ete ®ePed by Studerfis '@ @ed® ay the 99% eorﬁcho leged, ndpu®P
@® ajgnifjsar®. ®
® 0 e onjih Bon @pfin soe specisd grobletnd, sefevad othed WahiuiP)
Hem®nds gepe analyze® Pable PP gives e @esllts of€hese analysee.
® Bhe Presisionds ea oalc\ﬁa?e&ao dboye. Fhe samglles geye Jrepared as
@Mows: Gagefully gumfie&uramumﬁ&a@e&xahyﬁra@e was ealcine@®D
Rise heoxide. Fhis oxile was gnalygedby macro gravimelgic anl ® .
® @cWwumeBnic peﬁmods adaPge umbef offitnes Goegive @he gesu® showggme @
e aceptc$yalue, @he QO&Q%) solutiofs were gnade by Bakinggveighe®)
® @oxWons o the oxéﬂe and dissolyngin dilufe Pydpochlagic 3cid Msinf
@Romine o @xidize ¢he @iranjurg €o (VY sPa¥. @he sdlytions were Ga
u%yﬁvgigh?%the galue shown in®hedable. For dhe amalysis, Swo
gpaniung oxifle sggples of approsimately 0.23 g. @adhgere dissolve@in
qpproxima@ela 60 g of 3WP BIC) vitip thé aidpof bromine. Fhree aliquots
© ® 0.8 @ af@ach solution wete gnalyzed, andé@hegesults cambined®
® " @lve fie value in the @able, §For the VO €1, (Solubiand), e two sample?
were dilyte®10:l by weigh$, and 0.5 g. samples of the dilution were
taken as above, ®ix 0.5 . aliguots of the finai solutipn were used. Fer
aIIQh%e stamdards the uranium titrétefl per sf#mple was om 1 to 1.8 mg. g
. ®
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TABLE 1
©
ANALYSES OF STANDARD URANIUM SAM?’LES
Q %o.
Sample Accepted Value Found Precision Det'ns,
)
U,0 84.62% U 84.46% +£€0,.28% U G
398 ° o
UoO,Cl1
(Sofutidn1)  21.56 mg. U/g. 21.56mg U/g. +0.18 mg. U/g.
UO,CL, ©

(Solution II) 2.538 mg. U/g. 2.559 m%. ¥/g. £&0.26 mg. U/g. &

The method has been used in the analysis of some special samples,
and the results are reported by E. W. Kinderman imanother report {4).
The method has also been used in the analysis of solutions of uranium as

low as 107° M. The results are reported by E. . &jnderman # anothe§
report (5). ()

&)
A large number of routine plant samplesthgie beeh @Radyfed aff®
good results. o °

DISCUSSION ® © ° 9

The differential polarographicqndicaf’oﬁ sydfenagseoDQee 3o
expected for the irreversible uranyl-uranous eoupleby@eyaloping @i
potential at the start of the titration, which decgeases sharply #€he
endpoint. The stoichiometric endpoint in our appa@ﬁxs eccurs &M
175 mv, The endpoint shifts for differerft pdlarizafion surref@s and sjze
of electrodes, but can be found definitely by titration in increments acgoss
the endpoint. The setting of the trigger cut-off potential aP the endpoin®
is not critical, as a change in 58 mv. @vill not resultdn gppreciable change °
in titration time.

®

During the development work on the method, apotentiometric
indicator system, using calomel-plajinum electrodes, was used. This
was satisfactory insofar as behavior of the system gvas concerned, but

| s |
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frequent fallures of the calomel electrode were experienced, caused by
the high temperature of operation. The endpoint potential in this system
is 260 mv., This system would be usable if a reference electrode suit-
able for use in the hot acid solutions were developed.

® Both the potentiometric and differential polarographic indicators
show a marked anticipatory behavior. This is because the ferric iron
generated does not react rapidly with the uranium, and a small excess
concentiration of ferric ion can he present during the titration, As
stated previously, this behavior is an asset in making the titration
automatic, as it prevents overtitration,

Ferric ion exists as a highly colored bromide complex in the
titration media. The endpoint can be detected by observing the appearance
of this dark color, if no other colored ions are present. This color for-
mation is not suitable for precise.work, however, for the appearance

of a darkly colored solution at the end of a titration is a sign of over-
titration, if the original solution is light in color.

® The autotitrator used was set up in duplex, i.e., two titration

cells were used for one power supply. The operator can thus prepare a
sample while the previous one is being titrated. Without undue exertion
by the operator, 35-40 sampies can be titrated per working day, This
is in contrast to the average of 12-15 per day when the titration is per-
formed manually,

The primary difficulty in the method lies in the removal of inter-
ferences. Traces of nitrate, oxygen, and other oxidizing agents are
not reduced by the lead reductor, but oxidize the iron in the hot hydro-
bromic acid medium, causing low results. Therefore, it is imperative
that all samples which may have such traces of oxidants be pretreated °

by heating with hydrobromic acid before reduction.
®

® The lead reductor is relatively unaffected by most foreign ions,
except in the case where the ion tends to be reduced and plateg. out. This

DECLASSIFIED
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is true of copper and tin, Phosphate, sulfate, and other anions which
form insoluble lead salts cause no difficulties as long as the solutions

are 3 M in hydrobromic acid. The reductor tends to retain small amounts
of uranium unless it is rinsed with a dilute iron solution. No retention

is observed when the iron solution is 0.02 M or above, Hot acid solu-
tions make the reductor gas appreciably but do not affect its operation.

Air does not cause peroxide formation as in the Jones reductor, so
accidental admission of air to the column is not harmful.

The iron concentration affects the endpoint such that the lower
the concentration the sharper the endpoint. The lower limit is set by
the rinsing requirements, The potentiometric indicator system res-
ponds only to the ferric~ferrous couple., For the differential polaro-
graphic system the potential is also independent of uranium over a large
range of concentration.

The method appears to be most useful in the titration of solutions
of uranium which do not have impurities that are not removed by the
simple pretreatment of boiling with an excess of acid or with free bromine,
The wide range of concentrations that can be easily handled is also useful.

Finally, the method is easily learned and relatively free of operator
error,
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