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ABSTRuCT

L satisfactory procedure is described for the analysis of uranium-
zirconium alloys containing up to 25% zirconiume. It is based on the
separation of the zirconium from the uranium by dissolving the cupferron
canplex of the former element into chlorofomm,  4fter the evaporation
of the solvent frcam the canbined organic extracts, the residue is ignited
to zirconium coxidc. The latter is then re-dissolved and zirconium is
separated from other clements co-cxtracted in the solvent extraction
procedurc by precipitation with mandelic acide  The zirconium mondelate
is finally ignited to oxide at 960°C. The uronium is separated from
the aqueous solution remaining fram the cupferron extraction by precipitating -
with tannin at o pH of 8; the precipitate being removed by filtration and
then ignited at 800°C. The residue is dissolved in nitric acid and the
uranium is finally detemined by precipitating as ammonium diuranate and

then igniting to U3084/1ubbh>
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INTRODUCTION

Brickcr(1) proposcd a method for the analysis of this type of
alloy without studying the behaviour of the method in routinc applica-
tion to alloy samplcss  This procedurc consisted of precipitating
the zirconium with cupferron, igniting the precipitatc to the oxide
after filtration, dissolving the zirconiun oxide by fusion with
pctassiw bisulphate and then precipitating the zirconium with phenyl-
arsonic acid. The zirconiunm phenylarsonate precipitate was finally
ignited to zirconiun oxide after filtration and the zirconium content
of the all.,y calculated from the resulting weight of zirconium oxide,
There are cbjections however t5 the use of phenylarsonic acid as a
precipitant for zirconiwi, since the final zirconiun oxide residue
nay be ¢ ntaninated with arsenic unless the ignition is continued for
a long tinme at a high tauperature, Also several elements including
uraniun can be co-precipitated with the zirconium phenylarsonate in a
singlc precipitation, In rccent years however scveral new precipitate—
ing rcagents have beon developed for zirconium and the replacenent of
the phenylarsonic acid by certain naibers of this group of reagents
should result in a considerable inprovenent in Bricker's methods — also
Sonde11(2) recently suggested that zirconium cupferrate night be
soluble in chlorofom and in this event the replacenent of the cupferrcn
precipitation technique by o chlorofom extraction procedure should
result in a cleancr separntion of the zirconiua from the uraniu.

EXPERIMENT.L

(1) Detemination of Zirccniun

The preliminory experimental work was directed towards studying
the recoveries of macro anounts of zirconium by the solvent extraction
procedure with chloroformie Suitable zirconium solutions were prepared
by dissolving amounts of zirconiua oxide up to a naxinum of 04135 nge
in 10 nl. of nitric acid (sp. gre 1e42) and 1~=2 nl, of hydrofluoric
acid in platinwy basins, Then 10 nl, of 50% sulphuric acid were
added t5 cach basin and the solution evaporated to funes of this acid,
ifter cooling, the solution was diluted with about 50 nle of water and
cooled to a taaperature of 5°C, It was then transferred to o suiltable
scparating funnel, washing in with water to give a total velume of
about 100 nl, The gzirconiun cupferratc was next precipitated by the
addition (f 25 nle of 6% aqueous cupferron sclution and the extractions
carricd out with suitable quentities of chlorofome  Full recoveries
for these aounts of zirconium were obtained in adopting the procedure
of extracting the initial zirconiun cupferrate precipitate with two
separate 25 ul, portions of chl rofom, followed by the addition of
a further 10 nle of cupferron sclution and two further extractions
with 10 nl, portions of chlorofomi.

On extonding this technique to solutions centaining zirconiun and
uroniui, only very small amounts of uranium contaninated the final
zirconiuwl oxide residue produccd by evaporating the chlorofomi frm
the caabined extracts and igniting at a tenperature of about 750°C.
This behavicur is causced by the failure of hexavalent uraniun to
fom a cupferratc precipitate under thesc conditions.  However,
several elavents Tcr. cupferratc precipitates extractable frax acid
soluticns (Fe, V, Nb, ctca) and these claients would contaninate
the final zirconium oxide residuc if they occurred in the original
alloy sanplese It was therefore considered desirable to include
o step which separated the zirconium oxide frai the snall anounts
of uraniuwi and fray the group of claients foming cupferrate
precipitates
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According to the recent literature on the detemmination of
zirconium there are now scveral reagents capable of selectively
separating zirconium frgn many other clements., These reagents
include phthalic acidl3), fumaric acid(l), m-cresoxyacetic acid(5)
and mandelic acid(6),  Phtholic acid and fumaric acid are not
very attractive, since the fomer requires two hours for ccmplete
precipitation whercas the latter produces o gelatinous type of
precipitates M-cresoxyacetic acid docs not suffer from the
disadvantages of phthalic and fumeric acids, but unfortunately it
was not readily aveilablc when this investigation was started.
However, & small quentity of this roagent was prepared by the
Organic Chamistry Group ond a limited number of tests produced
cxcellent results.  Mandclic acid on the other hand is readily
availablc ond produces a zirconium salt of definite canposition
which is stable to heat over the ronpe 60° - 188°C.  Kumins é)
introduced this reagent for scparating macro amounts of zirconium
fraa Ti, Fe, 7, Al, Cr, Th, Cc, Sn, ba, Ca, Cu, Bi, Sb and Cd.
Subscquently Hehn(7) showed that nmandelic acid could be used for
separating 1-15 mge of zirconiuwi fra: lig, Hg, Ni, U and Zn in
addition to the claimnmts quoted by Kwiinse,  Both werkers filtercd
off the precipitate and ignited it to zirconiwa oxide. More
recently Duvel(8) indicated that the precipitate given by zirconium
with niandelic acid, Zr (CgHy,CHOH.CO0), , could be dricd at any
tenperaturc between 600 — 188°C without undergoing deconposition,
According to this obscrvation it should be possible to replace the
tcechnique of igniting the final precipitate to the oxide by the
nore satisfactory proccdurc of filtering on to a sintercd glass
crucible and weighing after drying ot o tauperature of about 100°C,

Kuiin's procedure bricefly consists of toking o sauple of
zirconyl chloride in 20 11le of concentrated hydrochloric acid,
adding 50 nl, of 16% nandelic acid solution and Ailuting to a
volwic of 100 nl, with water, Aftcer digesting the solution ot a
taaperature of 850C for about 20 ninutes, the precipitete is
filtered off, washed with & hot solution of 2» HC1 + 5 nandelic
acid and finally ignited to the oxidce  Unfortunately the presence
of sulphate ions in s.lution leads to slightly low zirconium results
by this procedurce This bechaviour cbvicusly rules out the applica-
tion of the bisulphote fusion technigue for redissolving the zirconiun
cxide residuc resulting froa the cupferron extracticn, f£ollowed by
the extraction of the nelt with hydrechloric acid and the precipita—
ticn of the zirconium from this solution with nandelic acide  The
nost convenient technique Tor overconing this difficulty was found
to consist of precipitating the zirconium with amoniun hydroxide
fraa the hydrochloric acid solution of the bisulphate neclts  This
precipitate was filtered ff after o suitable digestion in the cold,
washed with a 2 NHNO3 solution, dissclved in concentrated hydro-
chleric acid and then the zirconium was precipitated with mandelic
acid as above anl finally ignited to the oxide. Excecllent recoveries
were obtaincl by this proccdurc for varying anounts of zirconiun
covering the rance frai 20 to 125 ng.

In subscquent cxperinents atteapts were nade to improve the
zirconiun detemiination by filtering the zirconiuu mandelatc precipi-
tate on to o sintered class crucible and obtaining the weight of the
precipitate after drying at about 100°C for & suitable peried of
tirc, Difficultics werc imediatcly encountercd, however, due to
the appreciable solubility of zirconiua mendelate in water and hence
the necd to include mondelic acil in the aqucous wash scluticne
Aftor the coaplotion of the washing of the zirconiua aendelate
precipitatc it was hoped that this difficulty could be overcaac
by washins the precipitate once cr twice with saie suitable organic
sulvente This scssuics of course that orcanic solvents exist in
which 1ondelic necid is readily soluble whereas zirconiua nandelate

D
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is ccupletely insolublcs  Experiments were carried cut with most of
the camon organic solvents, i,c. alcoch.l, ether, acetone, etce, but
ncne of these solvents produced the desired resultse In spite of
Duvalts suggestion, therefore, it proved necessary to caiplete the
zirconiun detemination by igniting the zirconium nandelate precipitate
to zirconium oxide.

(2) Detemiination of traces of Uranium Co~extracted with the Zirconiun

As alrcady indicated above, a small anount of uranium is co-
extracted with the zirconium when the cupferron procedure is applied
to soluticns containing uraniun and zirconiune In the caaplete
analysis of alloy sauples therefore it proved necessary to recover
the uraniun traces from the filtrate after renoving the precipitate
of zirconium mandelate.,  Fran previous experience with other uraniun
alloy systais it was considered that tannic acid night precipitate
these snall quantitites of uraniun after adjusting the pH of the
filtrate to a value of 8 and digesting for o suitable period of tinme,
Experinental cvidence was needed however to confim this supposition
and in addition the digestion time nccded to give complete precipita-
tion of the uraniun tannatce had to be detemined experinentally,
After filtration of the uranium tannate precipitate it was decided
to ipnitc the precipitate in a silica crucible to a teaperature of
about 750°C and then detcmiinc the uraniua content of any residue
by an absorptimetric procedurce  The uraniun-thiocyonate colour
was chosen for this latter procedure since previous experience with
the uraniun peroxile col-wur in sanple analysis had not been very
satisfactory, In scaec instances, for exauple, rapid fading of the
ureniun colour was cncountered due to the prescnce of traces of other
claaents in solution resulting in the rapid decomposition of the
hydrogen peroxides Morcover this decanposition produced bubbles in
solution which ofton caused crroneous results to be obtained for the
absorbancy neasurdaientse

The following factors are important in the application of the
thiocyanate procedure to the absorpticietric detemination cf uraniuate

1e The pH of the final solution (50 nle) riust be in the pH range
0ea2 t0 140

24 The thiocyanate ion concentration nust be carefully controlled;
a new calibration graph being nceeded for each new thiocyanate
reagent solutione

3¢ Sulphate ions nust be absent fra: the final solution,

On assuning that any anmount of uraniun less than about 4 mge might
be recoverel fra these solutions, a standard uraniu solution was
preparel containing 04297 ge of Uz0g per 500 nle This weight of
Uz0g was dissclved in 17 nl. of cuncentrated nitric acid before
diluting tc 500 nle with watcer, thereby producing a solution contoine-
ing Cub g, of urcnium per nl, in O¢5N nitric acid, For the preparation
of the calibration graph different suitable aliquots (x nl,) of the
standard uraniwy soluticn were transforred to 50 nl, graduation flasks,
followed by the addition of 0e2 nle of o stannous chloride solution
(10 g, dn 20 11l, of concentrated hydrochloric acid diluted to 100 mle
with water) and 10 ml, of 8 M, amoniun thiocyanate to each flaske
The requisite volunc (y nls) of a 045N nitric acid solution was noxt
added to, each flask to bring the value of x + y in all cases to 15 nl,
After dilution with water to 50 mle absorbancy measurenents were taken
on suiteble aliquots of solution; the ranaining solution being used
for confiming the pH value to be in the requisite rongce For the
absorbancy neansurcicnts o Spekker absorpticieter was used with H 556
filters and 1 or 2 cie cells; typical results for the calibration
being suwmiarisced in the following table:-
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TLBLE T

#BSORB/NCY  V.LIUES FOR THE URNIUM COLOURS

FORMED WITH THIOCY.NATE
Concentration of U Lbscrbancy valucs for different cells

in nge 1 cne. cell 2 e cell

0 0 0
Oe5 Ce117 Ce2lt3
140 0e239 Oa L9l
1¢5 0e367 Ou 751

240 04486 -
340 Oe 727 -~
) !

on plotting the results in Table I graphically a linear relation—
ship was found to represent the neasuraients with both 1 and 2 cn. cells.
The technique finally adopted for detemining the uraniuwi contont of the
oxide residues fraa the temnate precipitates consisted of the following:=
Treat the residuc in the silica crucible with about 2 nl. of aqua regia
and gradually evaporate the solution almost to dryness, Treat with
15 nl, of 045N nitric acid and filter the resulting s~lution direcctly
into a 50 nles graduated flask, washing with waterse  Thon add 0.2 to
0¢3 nl, of freshly prepared stannovs chloride solution (10,0), 10 nl.
of the &I amioniwy thiocyanate solution and caaplete the detemination
as abovce

The length of the digestion tile needed to give the complete
precipitation of nmilligran anocunts of uronium was next investigated.
Several synthetic solutions were prepared corresponding in couposition
and vrlune with the filtrates fran the zirconium nandelate precipita-
tions end ai_unts of ureaniun covering the range up to L4 nge werc added
to these solutiinse After the addition of 20 uml, of a freshly prepared
5% tannin solution, each solution was heated to boiling and a (1:1)
armoniun hydroxide solution was then added dropwise to increase the pH
of each sclution to a value ¢f 8 as indicated by BJ.D.Hs wide range
indicator papers, followed by o siall ancunt of filter paper pulp to
colleet the suall precipitates After standing at rcon taiperature
for varying pericds of time cach solution was filtcred through a
Thataan filter paper and after ignition the uraniua content of the
finel oxide residue was detemined by the thiocyanate proccdure.
Recovery results for different tine intervals are included in the
following tables-

TnBLE IT

RESULTS FOR THE RECOVERY OF SILILL AMOUNTS OF URANTUL
LAGLINST TIME COF PRECIPTTLTTON

Tile interval in hours

Weight of uraniun
recovercd fron 240 nge

Weight of uranium
recovered Tral LeO rige

. 160 hre 1e10 117 20D Life
240 hr, 1485 3488
340 1485 L.¢C5
18 1495 Le10
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From the results in Table II it is obviously necessary to stand
the solutions overnight to obtain the ccmplete precipitation of the
uranium tannates, But if an overnight standing is inconvenient in
sample analysis, a period of fram 3 to 4 hours should give fairly
satisfactory results,

(3) Detemination of llajor Uranium

The detemination of the concentration of uranium in the solution
after the cupferron extraction was not expected to give much difficulty
after the raioval of chloroform by cvaporation., This solution is then
essentially o uranyl sulphate solution containing a small amount of
cupferrons However, since the presence of this organic matter could
lead to the incomplete precipitation of the uraniun as amonium diurante,
it was considcred safer to apply the tannic acid technique developed for
the detemination of uraniun in tungsten-uraniun slloys(9), (C/Re1045. )
Full details of the final procedure arc given in the Appendix,

(4) Detemination of tracc amounts of unextracted Zirconiun

In the event of the extraction of zirconium by the cupferron
procedure being inconplete, the residue resulting from the ignition
of the uraniun tonnatc precipitate in (3) will also contain small
ariounts of zirconiui, On treating these residues with nitric acid,
however, the uraniun is readily dissolved whereas the zirconiun
oxide is caapletely insoluble and can be removed by filtration. It
proved nccessary thercfore to develop a procedurc suitable for
Getemining these snall anounts of zirconiun oxides The absorptio-
netric nethod appeared to be nost suitable for this detemination
since alizarin foms & strongly coloured lake with zirconium which
is stable in acid solutione The lakes fomed by alizarin with other
cations arc unstable in acid soluticns (with the cxception of hafnium),
thereby nmaking this reagent almost specific for the detemination of
snall ancunts of zirconiume — The nost rccent publication on the use
of alizarin for the detemination of zirconiun is by lMayer and
Bradshaw(10), dealing with the direct detemination of zirconiwa in
nagnesiu basc alloys. These workers reccmend that the zirconiun
alizerin red lake is best prepared in a 145N acid (hydrochloric acid)
solutieon by heating for 2 ainutes above 85°C. Details of their
optimum conditions for colour develoment are as follows:—

Add 10 nl, of the zirconyl chloride solution to a 100 nl.
graduated flask, followed by 3 mle of 1143N hydrochloric acid and
10 nl, of 0.15% aqueous alizarin S solutione Develop the colour
by heating in a boiling water bath for 2% ninutess  Then ceool,
dilute to 100 nle with watcer and neasure the absorbancy on the
Spekker absorptiaieter using Ilford Nos 605 filterss

This technique proved rcadily applicablc to the nagnesiun-
zirconiua type of alloys due to the ready solubility of these alloys
in hydrochloric acids However, its application to the analysis of
snall residues of zirconiuwan oxide presented difficulties because the
nost convenient methods of getting small amounts of zirconium oxide
into solution involve the introduction of sulphate ions into solution
either fro o potassiun bisulphate fusion or fro & sulphuric acid—
hydrofluoric acid treatnente Unfortunately sulphatce ions seriously
interforc in this detemination by caaplexing the zirconium ions and
thereby bleaching the zirconium-alizorin lake. After the snlution
of the zirconium oxide by either of the above procedures thercfore
it provsd essential to remove the zirconiun ions fraa the sulphate
ions, Tt was cansidered that this separation night best be
acconpl shed by precipitating the zirconiun with armoniun hydro;ide
using aluniniua hydroxide as o carrier for the zirconium hydroxide

b




precipitate.s sluiiniua was chosen as the carrier becausc of its
reputed negligible interference in the absorpticnetric niethod for
girconiuly 20 uge ausunts of this elaient being chosen in the first
instance s~ as to prorduce a convenient maount of precipitatc. In

the develepnent of such a schaic, however, two points needed clarifice-—
ticns~

(1) the influence of 20 ng. of cluiiniua on the intensity of
the zirconiua-alizarin colour;

and

(2) the efficiency of this anount of aluiiniu: in coprecipitation
of muall adounts of zirconiua,

To test the first point, increasing anocunts (0, 2, 4y 6, 8 nl,)
of a stondard 0,10 nge per nl, zircrniuwa solution were added to 125 mle
conical beakers with graduation marks at the 10 nl. level. Then 20 nl.
aliquets of an aluainiwa chloride solution (1 nge per nl, ) were added
t > cach beaker and the resulting solutions evaporated to voluaes f
ab-ut 5 nl, saroniuy hydroxide (1:1) was next added to each sclution
to the change point of braicresol purple, followed by water to the
10 11, groduation marke ° 4Lfter the addition of 3 11l. of concentrated
hydrochloric acid, the beakers were niersel in a water bath and the
zirconiuwi-alizarin colour developed as above.  The absorbancies of
these solutions were caaparced with the values producel by the saae
aiounts of zirconiua in the absence of aluniniuile  The results
reported in Table ITI indicatc that the aluainiun has negligible
interferonce in the zirciniui-alizarin ceolours

TABLE  ITT

£BSORBANCY  RESULTS FOR THE  ZIRCONIUI-ALIZARIN  COLOUR
IN THE ABSENCE 4NT  FRESENCE OF ALUMINIUL

Wte of zire-niul taken No aluniniua prescnt 20 nge of aluniniun
sbsorbancy Lbsorbancy
0 0 0
06203 0e20 Oe 205
0.407 Dol Oald 75
Oe 509 0.5625 0e5725

Experinients were next carried out to ¢ wer the secrnd point. To
suitable neasurced aliquits of the standard zirconyl chloride solution,
20 g, aounts of 2luiiniua were added and after the dilution of each
soluticn to ab-ut 100 nle with water, amioniun hydroxide was adled to
the change prnint of bralo—cresol purple indicatores  »ll solutions
were then ollywed t+ dipest for 1 hour in the cold to assist the
precipitationg  conld digestion being used to ensurce the re-solution
of the zircqoniuwy hylroxide in hydrochl ric acid after filtration.

The hylroxide precipitates werc next filtered on to suitable Whatuan
papers, rediss.lved in hydrochl ric acid and the resultant sclutions,
evaporated tc v luines less than 10 nls  The zirconiun alizarin colours
were then fomied as above and the absorbancy iicasuraients used to
detemine the alounts £ zirc nium recovered by this procedure. Fra
the results in Table IV it is clear that the bulk of the zirconiun

is recovered by this technique.

o
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LBLE IV
RESULTS FOR THS RECOVERY OF ZIRCONIUM FROM SOLUTION
USING ALULINTUM A4S CuRRITR

! Wb, of zirconium taken ¢bmmewrMe?q Wte of zirconium
recovercd glrconiun recovercd
0 0 0
010 ng 0e 0725 0«07
0e203 0e1875 017
0e407 Oulidi75 0e 407
0,509 CeblL25 0sl8
0461 Oe 665 04585

Experinents were noxt designed to correspond as closely as ponssible
to the conditions arising in the analysis of uranium-zirconium alloys.
Under thesc circuastances the zircconiua is in the fonmi of its oxide
after scparaticn fran the najor urcniwi. The above experirments were
therefore repeated but this time the aliquots of the zirconyl chloride
solution were placed in platinum dishes and evaporated to dryness to
convert the zirconiuwa to the oxide, On rcdissolving thesc oxide
residues by fusing with petassiun bisulphate, low zirconiun recoveries
often resultcd and in sonc cases it was possible to see the zirconiun
nxide cut of solution.s However, on dissolving the zirconiun oxide in
o suall anount of hydroflucric acid, then adding sulphuric acid and
evaporating to funes of this acild to reiove the excess hydroflucric
acid, sinilar zirconiuwa recovery rcsults to those in Table IV were
obteineds  This latter technique was therefore incorporated in the
final procedurc.

(5) The Analysis of Alloy Semples

(a) Synthetic Alloys

Synthetic oxide mixtures to correspond to alloys containing fran
approximately 1% to 25% of zirconium were prepared from specpure samples
of Uz0g and zirconium oxide using sample weights of O.5 g. for the high
zirconium percentages, 1,0 ge for percentages fram 5 to 10% ond 2.0 ge
for the low percentages. These alloys were then analysed according to
the full procedurc outlined in the Appendix with the results shown in
Table V,

TABLE V

RESULTS FCR THE ANLLYSIS OF OXITE MIXTURES CORRESPONDING
-T0  SYNTHETTC ZIRCONIUN=-URANIUM 4LLOYS

No. {Percentage Caapositicn of sAlloys|Percentoge Compositicn by fnalysis
Zirconiun Uraniuwm |Zirconium Uraniun Total

1 2Le 87 7513 2he Bl 7he82 99 66
2 10410 89.89 10611 89482 99693
3 5400 95400 501 e 75 994 76
L 1407 98693 1410 984 59 99469




(b) 4lloy Samples

The spectrographic analysis of several typical alloys samples showed
that copper was o contaminating claiont, being opparently picked up fran
& copper hearth in the smelting process.  Since the copper percentage
varied fran trace aunounts up to about 0,55 in exceptional cases it proved
desirable to investigate the behaviour of this clement in the final
procedurc in saic detail, Copper foms an insoluble cupferrate from
woakly acid solutions which is extractable into chlorofomm, However,
under the strongly acid conditions used for the separation of the
zirconiun cupferrate, the copper is only partially extracted with the
zirconiui.  Expcrinents with synthetic alloys showed that approximatcly
5076 of the copper contanminated the zirconiwi; the ralaining 50% staying
in the aqucous phasc with the najor urcniu. In the zirconium detemina-
tion, on aononia precipitation is included to raiove sulphate icons and
to get the zirconiun in o hydrochloric acid solution suitoble for the
precipitation with wandelic acid. In this step wost of the copper
rainins in the filtrate, but it is dupossible to completely wash the
last troces of copper fran the zirconiui hydroxide precipitotc. However,
the nandelic acid precipitation caapletely railoved the zirconium from
thesc trace amounts of coppers A siniler statc of affairs cxisted in
the uraniun detemination.  The copper is precipitated as tannate with
the uraniui, but the aaonia precipitation step prior to the ignition
of the uraniun to Uz08 scrved for scparcting the uraniuwa fron the copper.
In the exceptional sanples containing large aaounts of copper, a double
precipitation »f the uraniwy with amaonio should be incorporated for
saf cty.

The only »ther contoninating clarent proved to be silicone However,
this claaent presented no interfercnce in the craplete schane for the
cnalysis of these alloys since it is raioved by volatilisation in the
initial attack with the nitric—hydrefluoric accid nixturcs The spoctro~
graphic ncth.d proved to be the nost satizfactory procedure for detemining
the silicm content of 2ll-oy saaples,  In additi-n this technique was
used for detemiining the very smell percentages of the raiaining contamina-
ting elaacnts.

The results cobtained by applying the final proccdure t . the analysis
of typical alloys arc shown in Table Ve The suitability of this

procedurc is confimed by the satisfactory results produced for the
total percentage caaprsition in all cascs,

T,BLE VI

RESULTS FOR TIHE COWPLLTE JNLLYSIS OF

ZIRCONTUM-URANIUM ALLOYS

Percentage Coaposition by inalysis
Hee Zr U Tapurities Total
1 24 2C 97 ¢ 0u2 9995
2 2485 964 3 0467 99482
3 Le65 95e1 Ou 30 100405
b L4 80 9Le5 021 99451
5 €a 440 3els Ou2 10040
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APPENDIX

RECARENDED PROCELURE FOR THE . NALYSIS
OF ZIRCONIWM=-URANIUM AILOYS

As OUTLINE QF METHOD

Lfter dissolving the alloy in a nitric acid-hydrofluoric acid mixture,
a quantity of sulphuric acid is added and the solution is evaporated to
funes of this acide The solution is then suitably diluted with water,
cupferron is added to precipitate the zirconium and the precipitate is
separated by extracting with chloroform,  After the renoval of the chloro-
fom from the canbined extracts, the zirconium is ignited to the oxide.
The zirconiun is next segparated from snall anounts of uranium and other
elements co-extracted with it by precipitation with nendelic acids  The
gaall antount of uraniun is recovered froa the filtrate with tannin and
Tinally detemined absorpticictrically using the uranium-thiocyanate colour
caiplexe  The nmajor uraniun is also precipitated with tannin and after
filtration the uraniun tannate is ignited to the oxides  The resulting
oxidc is dissolved in nitric acid, and the uranim content of this solution
is detemined by precipitating as amoniun diuranate folleowed by ignition
to U308« Any insoluble residue is cxanined for the presence of zirconiun
by an absorptiaietric method using the coloured zirconium-alizarin lakce

B APPLICABILITY

The procedure is suitable for the detemination of zirconium contents
up to 25% with an error less than + 1% of the zirconiun presente

Ce  REALGENTS REQUIRED

(a) Mandelic acid, manufactured by Thauas larson and Son Ltde,
Londone

(b) wlizorin Red S, BsD.He reagents

(¢) i1l other reagents of analar qualitye

De PROCELURE
Take o 2 prie Sople weight for Zre% ages < 5
Toke a 1 e senple weight for Zre)s ages frm 55 = 105
Toke o 0¢5 (e sarple weight f£-r Zre’ ages > 10%.

Transfer to a 100 mle platinum dish and digest with repeated quantities
of 25 ml, of HNOz (SG.1el2) together with 2-3 ml. HF until canplete solution
of the alloy is Obtained, then add 10 mle of HpSO), (1:1) and evapcrate to
fumes of this acid - fume strongly for a short period to completely remove
the hydrofluoric acide Cool, dissolve in about 50 ml, of water and tI.'ansfer
to a 250 ml, squat type beokers Adjust the volume to about 100 mle with
woter and cool to a temperature less than 5°C in an ice bath. At the same
time cool a freshly prepared 6, aqueous solution of cupferron tc] the same
temperature, Transfer the alloy solution to a 300 mle separating funnel
and 2dd 25 nle. of the cupferron reagent with gentle agitations  Then
shake vigorously for o few minutes to causc the coagulation of the cupferron

precipitatc. ;




Extract the precipitate by shaking with two
scparate 25 nle porticns of chloroformi. Separate
the organic layer after cach extraction and wash
through with about 5 nls of purc chloroformie
Cembine the extracts and washings together in
either a 150 1le fuscd silica beaker or a platinum
dishe  Add about another 25 1l. of the cupferron
reagent and extract with two separate 10 nl,
portions of chlorofemi, caibining these extracts
and washings in the same silica or platinun
vessel,  Rescrve the aqueous solution for the
detemination of ureniun.

Detemination of Zirconium

Byaporate the caibined solvent cxtracts to
dryness in the silica beaker or platinun dish
using a noderate hot plate and finally & bunsen
flane, Then ignite the residue carcfully, and
finally at 750°C for 30 ivins., in a nuffle

furnasc(2), Cocl, fuse the residuc with about (a) Moke sure thot
2 gae KHS0), to give a clear melts  Then take there is no carbono-
up the fuscd mass in 100 1le (1:9) HC1 and ceous natter left
transfer the s>lution to a 400 nl, squat beakor. behind.

Dilute the solution to o voluie of about 200 nl,
with water, DPrecipitate the zirconiun and
uraniun as hydroxides by the addition of FRESH
ammoniul hydroxilde (1:1§. Allow the precipi-
tate to stand in the cold for 20 minutes, then
filter through a No. 40 Whatman filter paper
washing with 2, NH,C1 solution and finally with
water to remove all sulphate ions which interfere
with the mandeclic acid precipitation of zirconium.
Transfer the filter paper and precipitate back

to the 400 ml, squat beaker and add 40 ml, of hot
(1:1) HCL solution, Carefully macerate the paper
with a glass rod and wash the sides of the beaker
with 10 mle of distilled watcr. Then add 50 ml,
of 16, mandclic acid solution and after mixing,
naintain at a taaperaturc of about 85°C for 60
ninubcs, Then filter off the resulting precipi-
tate on a Vhatuan Nos. 40 paper, washing with a
hot solution containing (1:49%&‘H61 + 5. nandelic
acid and ignite to the oxide of zirconium at
960°C for 30 minutes.

Detemination of Uraniuwi Co—extracted with the Zirconium

Take the filtrate froa the nandelic acid
precipitation, add 345 gie of amioniun acetate
and hcat the solution to boilings  Then add
2.5 gire of tannic acid dissolved in a mininua
of water and adjust the pH of the solution to
pH 8 by the addition of amioniun hydroxide (1:1)
using wide ronge pH paperses  Add Whatnan
accelerators and allow to stand for at least

L hours(P) in the colds Pilter through a (b) Vhen possible
Whatnan Noe 541 paper, wash with 2, armoniua allow to stand
nitrate solution and ignite at €00°C in a overnighte

gilica crucible for about 30 uinutes. Dissolv§
the residue (U 08) in about 2 nl, of aqua regia
oand evaporate the solution almost to dryness.

e




4dd 15 mle of approximately 0,5N HNO-., and filter
the solution through a hatman No., 5471 into a
50 ml, beaker washing with waters Canbine the
washings with the filtrate. Then add 0.2 to
Oe3 mle of freshly prepared SnClo solution(c)
and 10 ml, of 8 M NH,CNS solution, Dilute the
solution to a volume of 50 ml, in a volumetric
flask with distilled water. Measure the
absorbance with the Spckker absorpticueter
using a 2,1 or 0s5 e cell, H.556 filters and
a Hg vapour lamp. Detemine the anount of
uranium present by rcference to a calibration
graph prepared as described below,

Calibration Graph

Take a suitable aliquot, x nl, of standard
uraniu solution(®) in o 50 1l, standard flask,
together with 0.2 nl. stannous chloride solytion
and 10 nle &I ammoniwt thiocyanate solution C%.
Then to cach flask add y nle of 045N HNOz such
that (x + y) nl., = 15 nl, Dilute the sdlution
to 50 nl, with redistilled watcr, Measure the
absorbance on the Spekker [bsorpticicter using
2 2,1 or 0.5 aie ccll, He556 filters and Hg vapour
laape  Plot the results grophically,

Deteminatin of llajor Uraniua

after evaporating chlorofom fraax the
aqueous phasc, dilute this solution to a
definite voluae in a volumetric flask. (Cnit
this step if the total uranium content is
less than 200 11g.) Take o suitable aliquot
of this soluticn containing between 200 and
400 1ge »f uraniun and dilute to 150 nle with
water in a 400 nl, squat beaker, Dissolve
3¢5 gle of armoniuwi acctate in this solution,
then add 50-60 111, of 5,. tannic acid solution
with stirrings Bring the solution to pH 8
by the dropwise addition of (1:1) NH.OH with
constont stirring. 4dd one macerated Whatnon
accelerator and digest cold for one hour,
Filter through a Whatnion Noe LO or 541 paper
using slight sucticn if necessarye. VWash well
with hot 2. NE,NOz solution and finally ignite
at about 800°C in a platinum dish,  Dissolve
the residual oxide in a quantity of 1:1 INOz,
dilute and filter off any insoluble residuc.
Ignite the paper and residuc, treat with a
suall quantity of Hi0z, refilter and caabine
this filtrate,with the nain ureniu filtrate.
Reserve the residuc (R) for the detemination
of traces of zirc-niwi. 1llake the nain uranium
filtrate slightly amonioccal with fresh (ieCe
carbonate~free) amoniun hydroxide, stirring
during the addition. Tigest wam f£or about
30 ninutes after adding 6 nacerated Vhatnan
acceleratorse Filtcr threough a Thatnan Noe 4O
filter poper and wash 6-8 tinmes with hot 2.
NH,NOz scluticne Ignitce the precipitate to
U308 at abcut 8009C in a tarcd platinun dish
for about 30 minutese  Detemiine the weight of
U308 end calculate the weight of uranium in the
stuple by applying the factor 04848, Cenbine
this weight of uraniua with the miall anount
co-cxtracted with the zirconiune

B

(¢) 10 ge SnClp
dissolved in 20 ml. CONCe
HCL diluted to 100 ml.
with water,

(d) Dissolve 04297 gi.
g§08 in 17 nl, conc,

03 and dilute to
500 nl, with water,
1 mle 2 0,5 nge U in
0e5N HNOz

(¢) Dissolve 608 gi, of
annoniun thiocyanate

in redistilled water
and dilute to 1000 nl,
with water.
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Petemination of Zirconiun reiaining with the Uraniun

Tronsfer the residuc (R) from above to a snall
platinua basin, add 3=5 mle hydrofluoric acid to
dissolve the.zircanium, then add 5nl, (1:1) HoSO
 and cvaporate to fumes of HpS0),. Fume strongly #or
about 10 ninutes, Cocl, wash with a naxinu of 5 nl.
of watera Refune and fune strongly for another 10
ninutes. (Strong funing is required to renove the
fluoride ions.) Cnol, transfer the solution to a
150 nle squat beaker, or a suitable aliquot contain=-
ing < O0e8 ng. Zirconiunm, washing with water. Ldd
20 nle of an aluiinium solutionrf) and then add 11 (f) Dissolve 1 gae of
armoniw hydroxide to the change point of brazocresol 99+ Al powder in 60 ml,
purplce Tigest the s-lution cold for 1 hours Filter of 1:1 HCL and dilute
off cn a Whatman Noe 5S4 filter paper washing with to 1 litre with water.
2,. NHNO3 (3 or 4 washings required) and then jet
the hydroxide precipitate frrm the paper into a
125 nle conical beaker with a 10 nl, graduation
nark on it. A4 20 nle 131 HC1 to the original
precipitation beaker, wam and then pour over the
filter paper and collect in the conical beaker,
Wash the beaker and paper with water.  Beil the
final sclution in the conical beaker drwn to a
voluic of about 5 nl,

. Gool the solution, add 1:1 NH OH dropwisc
to just produce the purple colour of braocresol
purple indicator, Dilute the solution to the
10 11, pgraduation nark by the addition of distil-
led water, then add 3 nle f conc. HCL, allowing
it to run over the beaker walls to dissolve any
precipitates  Lmersec the beaker in a boiling
water bath for about 3-4 ninse to cnsure the
canplete solution of the zire miun hydroxide.

Then add 10 ule of Jlizarin Red $(8) and immersc (g) Tissolve 1e5 ge
the beaker again in the beiling water bath for of Alizarin Red S in
not less than 2% ninutes and not rnore than 3% 300 nle of hot water,
ninuteses  Cocl and dilute the solutions to filter through a pulp
100 11le with wotere 1lleasure the absorbance pad and dilute to

in a 2 ae cell using the nercury vapour lanp 1 litre with water,

and Ilford No. 605 filterse Carry out a blank
deteminatin on the reagents. Obtain the
zirconium concentration by refcrring the
difference reading to a calibration graph,
multiplying by a factor (depending cn the
oliquot teken for the uraniunm detemination)
to give the total content of the zirccniun
with the najor uraniun.

Calibraticn Graph

Standard Zirconiun Solution = Dissolve 8685 rse
of zircmnyl chlorile octahylrate in 250 nle of
woter and 50 nle conc. HCl.  Filter if necessary
and dilute to 500 nl, Standardise this solution
by toking an aliquot, precipitating the zirconiun
hydroxide with NH)Ol, ignite and weigh as Zr02.

1 111, of this solution should contain about 5 Iige
of girconiune Dilute this solution so that 1 nl.
= 041 118, Of zirconiue




Calibration Procedure

Toke Oy 24 4y 6, 8 nle of the standord zirconium solution (0.1 ng/ml,)
in 125 nls conical beakers with graduation narks at the 10 nle level. Add
20 nl, of the aluminiun solution to each beaker and evaporate each to a
volune of about 5 mle Then add 1:1 NH OH to the change point of branzocresol
purple indicator, add water to give a voluie of 10 nmle then add 3 iule of conc,
HCl, rumning over the beaker walls to dissolve any precipltates ITmerse the
beaker in a boiling water bath for about 3-4 ninutes to ensure the caaplete
solution of the zirconiuan hydroxides Then add 10 nle of Alizarin Red S
solution and irmerse the beaker again in the boiling water bath for not less
than 2% ninutes and not nore than 3% ninutes, to produce the zirconium Alizarin
Red S colour. Measure the absorbance on the Spekker hLbsorptiometex in a
2 cne cell using the mercury vapour lamp and Ilford Nos, 605 filters,  Carry
out a blank detemination on the reapgentse Plot the results graphically.






