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ABSTRACT

A satisfactory procedure is described for the analysis of uranium-
niobium alloys containing up to 25% niobium. It is based on the separation of
the niobium from uranium by dissolving the cupferron complex of the former
element into chloroform.  After the evaporation of the solvent from the
combined organic extracts, the niobium is ignited to the pentoxide. The
uranium is afterwards precipitated from the remaining aqueous solution by
the addition of ammonium hydroxide after the wet oxidation of organic matter.
Absorptiometric procedures are included for the determination of the small
amounts of ufanium co-extracted with the niobium and the trace amounts of

unextracted niobium.
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INTRODUCTION

In a recommended method! for the analysis of uranium-niobium alloys, the
separation of the niobium from the uranium is accomplished by dehydration with

- fuming perchloric acid. Although this method also includes a long digestion

of the solution after the fuming process, the recoveries of niobium may be low
by as much as 5 mg. Results accurate to 0.5 mg. are claimed, however, by
making a correction for the solubility of the niobium, This method was
considered unsatisfactory and investigations were started to develop a procedure
suitable for the accurate analysis of uranium-niobium alloys containing per-
centages of niobium up to a maximum of approximately 25%.

It is possible to determine macro amounts of niocbium by titration with a
standard potassium permanganate solution after reducing the niobium in a Jones
reductor<, This type of procedure could not be satisfactorily applied to the
direct determination of niobium in these alloys, however, because of the
simultancous reduction of the uranium in the reductor. Gravimetric methods
of determination generally consist of the precipitation of the niobium as the
cupferron or tannin complex followed by ignition to the oxide after filtration.
Moreover, cupferron is particularly useful for the separation of niobium from
uranium, since uranium does not form a precipitate with this reagent unless it
is present in solution in the quadrivalent state3. In developing a new pro--

cedure for these alloys, therefore, the preliminary experiments were confined
to an investigation of the applicability of this reagent.

Suitablc synthetic alloy solutions were prepared by fusing weighed
quantitics of niobium pentoxide with potassium bisulphate, extracting the
melts with oxalic acid and then mixing each sclution with a suitablce uranyl
solution. Ifter making the solution 5% in sulphuric acid, thzy werc coolcd
down to 5°C in an icc bath and then a quantity of a freshly preparcd 6%
soluticn of cupferron was added to precipitatc the niobium. The resulting
precipitates were filtered onto suitable filter papers and ignited at about
750°C after washing with o cupferrcn wash solution. In general, however,
this procedurce produced high recoveries for the niobium duc to tnc serious
contamination of the nicbium pontoxide with uraniun oxide (U,0 In 2 recent
rpport Furnan and Mason4 - ‘recommend .that the contamination dl%flculty arising
in the separation of certain elerconts from uranium with cupferron can be
considerably minimised by extractlng the cupferrate pre01p1tutﬁ with chloroforn
or any other suitable orgunlc solvent Niobium cupferrate is however said to
be insclublc in chlorofornd,*but if chloroform plus hydrogen cupferrate is
agitated with an aqueous nloblum solutlon oppreciablc smounts of this element
can be transferred to thé chloroform layer. This type of cxtraction procedurc
was thereforc ‘investigatcd -in an- effort to 1mprovc ‘the separatlon of the
nlobluu from uranium. - :

Extraction~of Niobiggﬁfrom Uraniﬁm—Niobium Mixture

In thc initial experiments synthetic alloy solutions werc proparcd as

before, Each solution was then made 5% in sulphuric acid, dilutcd to about
100 ml. with water and cooled down to about 5°C. in an icc bath,. After
-1 -
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.:solution were:added.and ‘the nipbium: cupferrate: extracted dinto: chloroform by
shaklng with: separate and- decreas1ng amounts (255 20 “10.ml% ). of: this
__,-solvent . .The . extracts were combined: together, the solvent evaporated and ‘the
R re31due' 1nally 1gn1tedzat 750 ec, 17 Aplatlnum dlSh i S '

Results showed that four extracts contalned the maJorlty of the nloblum
whlch appeared moreover -almost free. from. uranlumx’;tA few typlcal recoverles
obtalned by thls method are as' follows~« P ‘ RTINS DT

e

:ﬁtf of T 50z in solutaona G ki ]
1. with 6. gg U308 o Wt of Nb205 recovered,:.

i

R N

o.0208g. ol 00208

o.0168'g.. [ o.io1';($q‘jg:,;;:7§,;'..ff" |

Although these recoverles JuStlfled a more detalled study of thls separa—_
“tion technique, it was considered- de31rable at this stage to nvestlgate
possible mcthods for dissolving actual’ alloy samples, as the‘method used:- for
preparing synthetic alloys solutlons ‘would not be appllcable ;After sampllng.
each alloy by carefully drilling so as to prevent the spontaneou ﬁlgnitlon of
the uranium, the best technique was found“to consist.of digesting the' drllllngs
in a platinum dish with repeated quat ,of an. a01d mlxture cons1st1ng of
2 to 3 ml. of hydrofluoric acid mixe 25 ml. of nltrlc acid (sp.-gr. 1. 42) .
On- obtalnlng the alloy complotely in uﬂ;on a: quantlty of sulphurlc acid was
~added and the solution evaporated - to- ¢s of this acid to remove the nitric
and hydrofluoric acids,  The above ‘extraction.procédurc should then be -

. directly appllcablc to this solutlon aftor dllutlng w1th water to. adJust the
a0101ty to 5% in sulphurlc acid., ,

The 1nvest10atlon of a satlsfactory procedure for purlfylng tho separated
. niobitm" pentox1de from tracos .of co—extractod elements (eSpe01ally uranium) was
.next con31dered desirable, .. A suitable procodure was eventually developed
con31st1ng of the fus1on of the flnal oxide res1due,from the:chloroform BN
.. sextracts w1th about 2 g. of potass1um blsulph‘ oxtraction ‘of the. melt with
' water,toidissolve‘theruranlum:and,precipitati any soluble nloblum with
anﬁlc ‘acid, - After.digesting for.about one hour the tannate pr001pitato was’

pentoxide, Tho recovery .of the wranium from. the filtrate was' easily

pre01p1tate“by flltratlon and flnally 1gn1t1ng to U308

The detallod study of thc extractablllty of nloblum cupferrate 1nto o
chloroforw was now carricd out, us1ng a synthetic alloy of “the 10% niobium’ type
4 prepared fron 0,106.g. 'of specpurc:niobiun metal. (99.99% ‘purity) and: 1.066 g,
i';,of U308 soisAfter the . addition;of: the; cupferron reagenty: the ‘niobium cupférrate
“was- éxtracted, into sevoral separaterportlons of chloroform oo Theé residue from
j'each chloroform cxtract was ‘analysed for niobium and uranium by the abovc tannlc:

-

transference to a su1table separatlng funnel, 25 ml of a 6% aqueous cupferron e D

o g'f1ltered off, washed with 1% amnonium :sulphate. and flnally 1gn1ted 10~ nloblum'i ,;h{lf hr;tc

_,accompllshed by making- theesolutlon ammonlacal, remov1ng the suranium - tannatevfi“m;"tﬁ




acid procedure with the results shown in Table I.

THE CONCENTRATIGNS OF NIOBIUM AND URANIUM IN EACH CHLOROFORM EXTRACT

TABLE I

No. of | Vol. of | Ziériitﬁg Wt. of U
Extract CHClB used . extracted
in g.
1 25 ml, 0.1029 trace
2 20 ml. 0.00196 nil
3 15 ml, nil nil
i 4 10 ml. nil nil

_ This investigation showed that two extractions removed the majority of the
niobiun cupferratc and only a small quantity of uranium contaminated thc final
niobiun pentoxidc residue.  However, since a total of 0,1049 g. of niobium
was rccovered from the alloy, a small quantity of this metal appeared to be
unextracted, which moreover resisted extraction on sheking with further portions
of solvent, TFurther cvidencc confirming this behaviour was produccd by
cxtending the procedure to other synthetic alloys covering a wide range of
niobiun pereentages, In preparing these alloy solutions, a samplc weight was
taken depending upon the niobium content, according to the following schemo:-

Niobiun content. Apprbximate sample weight taken

Up to 5% 2.0 g.
5 %o 108 1.0 g
Greater than 10% 0.5 g.

The total niobium rccoveries obtained for these various synthetic alloys
arc shown in Table II.

DO0G ~ &



'TABLE'ii‘““

RESULTS FOR THE RECOVERY OF NIOBIUM IN. THE
ANALYSIS OF URANIUMFNIOBIUM MIXTURES

were obtalned for ‘the nloblum from %

I e

Although very satlsfactory recovcrl
the low percentage alloys, the recove

niobiun tended to be. slightly low. ' ‘iory ev1dence for. the. ex1stenco .

&

of unextracted niobium was produced by cc ver;ng the uranlum ‘from the

A

remaining solutlons and exanining the f alMVBO re81dues. .Small amounts,of .
material insoluble in nitric acid werc. dd‘ln some of. the residues and this
was accopted at this stage as satlsfacto 'supportlng evidence, In another
scries of cxperinments with synthetic alloy 5. the tracés of unéxtracted niobiun
pentoxide were recovered by the above. treatment-of the U,04. residues with
nitric acid, In 21l cases the 1nsoluble natter. was filtered off, ignited at
750°C, weighed and ‘combined with thc welght 6f niobium. pentoxide from “the
chloroforn extractions. The uranium contents were also determined in the

- filtrates by rendering them alkaline with carbonaté-free armonium hydroxide
after wet oxicising any organic matter and igniting -the pre01p1tate to U530
after filtration, The recoveries of the nloblun and uranium- from these alloys
- are shown in Table III. o S R

N fg' I - R T N %NbQO ;
vNo‘ Nogéhal Comp051tlon of mlxture in g. £§500f~} " n 5 7Nb205 ‘ o
, Content | U308 ‘ Nb205 recovered orlglnal recovered

B D TR I B
1 1% 1.9838 0.0210 0.0210 | 1.05:| 1.05
2| 28 | 19606 | 0.0405 | 0.0407 | 2037 | 2.04 .
3] 5% | 09506 | 0.0500 | 0.0499 | 5.0 ° 499
4| 108 0.4510 | 00528 | 0.0514 | 10,41 | 10.20 ~
51 +20% | . 0.5241 | 0.1430..-77.{- 041413 w21;431.r 21, 17";v,-nk'3?»T

romLalloys contalnlng more “than. 5% T

) éS;%{;é;A'ﬁi” ‘



TABLE ITI

RESULTS FOR THE COMPLETE ANALYSIS OF SYNTHETIC ALLOYS

T e M g o - e e ]
original composition Nb205 recovered
- al
No Y*Xﬁ:?l Sample Wt. Majer o ces E:gsipggd ’izzoveggglzg 4 t% UI q
* taken in g. . i etermine
composition ¢ &+ Nb In g. Us0g Ing p?in;on in g, in g. in g.
1 {29 b 73U 0.5 0,250 | 0.h22 | 0.1772 20016 | 0.1252 | 0.L410 748
2 (105 Nb 9G3U] 1.0 04100 14061 0.1419 .0008 0.0999 1.0595 89.84
3| m: Nb 9%iUp 2.9 (e 10 2.241 O«ili12 ,0008 0.0994 24238 9L,9

The Determination of trace anounts of Niobiun

In the analysis of actual alloy sarples, it was considered preferable to
exanine the acid insoluble residues for niobiun content, instead of assuming
all residues to consist essentially of niobiun pentoxide, This necessitated
the development of a sensitive and sclective procedure for determining trace
ancunts of this elenent. The method of activation analysis was considered for
this purpose but experinents showed that other elenents present (e.g. uranium)
gave rise to such a variety and amount of activity after a short irradiation,
that it was not possible readily to pick off the 6,6 minute decay due to
niobiun fron the gross decay curve, The possibility of developing an absorptio-
netric nethod for this determination was therefore considered, On reducing
niobiun in a hydrochloric acid solution to the trivalent state with tin

nalgan, Gentry and Sherrington® reported a strong yellow colour produced by
the addition of potassiun thiocyanate, Ilinarin et al” used this colour
coriplex in a method for the determination of niobium in minerals and ores
after reducing the niobiun with stannous chloride. Interference was encountered
fron many elenents in this necthod, however, ineluding Mo, W, U, V, Fe, Cr, Co,
Cu, etc, Experincnts showed that the reduction of thc niobium is in fact
unnccessary for the production of the colour complex and this obserwvation
immediately improved the sclectivity of the thiocyanete nethod for niobium
since several of the interfering elements mentioned react only in their lower
valence forms. L satisfactory procedure was eventually developed along these
lines which also incliided the extraction of the yellow niobiun complex before
taking the absorbancy mecasurements, = Details: of this procedure as applicd to
oxide - wuniducs are as follows:- =~ '

Fuse the residue with 1.0 g. of potassium bisulphate and extract the nelt
with a sclution containing 2 g, of tarteric acid and dilute to a convenient volume
with water.,  Transfer 20 nl. of hydrochloric acid (sp. gr. 1.16) to a 50 ml.
stoppered neasuring cylinder, add 15 nl. of water followed by 5 nl. of a
potassiw thiocyanate solution (75%). ~Then add a suitable volume of the
nicbiun solution and dilute the final solution to the 50 ml, graduation nmark.
Extract the niobiun colour by shaking with two separate 10 nl, portions of amyl

3 dG ¥
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’ alcohol, comblne the extracts in a 25 ml volumetrlc flask and- dilute to” _
- volurie with: amyl:aleohol.. MlX thoroughly and measure the absorbancy using -
- 601 filters and 1 cn.uoell -

Although thls procedure cons1derably reduced‘the 1nterference from some’
elcnents including tungsten and’ molybdenum, the -interférence from iron was
"cons1derably intensified due to the absence of & reduclng agent to prevent the
formation of the ferric thlocyanate ‘colour, Moreover, since ‘the. spectro—
graphic imethod showed iron t¢ be’a usual constltue‘t,of these- alloys, it was.
de01ded to 1nvest1gate other p0531b1e absorptlonetrlc wethods. v

Thanhelser8 reported a stable yellow colour produced by adding hydrogen @jf
peroxlde ‘to ‘concentrated sulphurlc acid solutions contalnlng niobiuri and ‘used
it for, the. determlnatlon of'niobium in. steels,’ Prellmlnary experlments . SO0
showed the colours to be rather 1nsensit1ve and’ 1t ‘was therefore not glvcn an ¢

. early: con31deratlon for this- portlcular problem, - However, after the failure
" of the’ thiocyanate éolour, a fuller investigation:was considered worthwhile. .
By. keeping the volune of solutions ds small as poss1blo and by using micro
cells for the absorbancy measurements, it was hoped to make this colour ,

sufflclontly sensitive for-this partlcular requirenent,- “Interference from e
“other elements was also expected t0 be less troublesome, ‘since titanium,
vanadiun'and molybdenum -are the only’ elements ment;oned as: formlng colotus .

under thesc,strongly acldycondltlons. Moreover, molybdenum interference canf;;:7_ o
be Tiléd-out in this particular oppllcatlon, since this cle':nt should b8, L LT
volatlllsed off in the 1an1tlon of the re51dues at 75000 S et L ‘

The longest mlcro—cell avallable for use. w1th the Spekker Absorptlometer .

‘ has 4 length of 3 cm., and .a total ‘capacity of 1ess than ml; ~ For maximum

' sensitivity the volume of the flnal niobium coloured solut on should therefore
be adjusted to 5 ml,, but a. final" solutlon volume ;of 10 “was found to be ‘

the smallest’ convenlent worklng Yolume with' concentrate ulphurlc acid . o

solutions,  On ‘assuriing that any amount of niobium pen de less ‘than 10 m{a.‘

. might be encountered i the re81dues, a standaro n10b1 olutlon contalnlnb

- 1 mg, of" NB205 per rml. ; ‘

' ThlS solution” was prepa

'1 Ev of pota831um bls'

‘allquots were taken for the preparatlon of the callbratlon graphs and after C
= iluting each solution to JO,ﬁl ith concentrated sulphurlc acid, the nloblum}.f;;t
, colour was formed by the addltlon of 0.1 ml “of 1OO -volume hydrogen peroxice C
* The absorbuncy of each’ solutlon was ‘then moasured w1th the Spekker Absorptlo— -
netor using a mercurv vapour lﬁmp “and Ilforc 60 fllter-' the results belng ‘
surmarised in ‘Tablé IV““‘On ‘ottlng these" results graphlcally a linear
relationship was found 16 represent the" measurements‘ I both 3 cm. and KR
cells, but the graph for the-0.% ém, cell was slightly" curved, Thig Tatter 7
braph was perfectly reprocu01ble, however, and sultable for this. determlnatlon;-’z

J.

colour by-the use’ of' sodlum fluorldiﬂ’ _

. s1nce these ‘reagents _also suppresseo the 1nten81 N
Further 1nvest1gatlons were abandoned after spec ,aphlc analy51s of actual
alloys had shown the non-occurrence of these elenents. R

}*nglp o A ‘-Tiiv:p,_:Av i,6 ) R ,. p_; 2) ;r <?‘~:'??p ltu‘i'jl B




On now examining the residue produced in the analysis of alloys requiring
the determination of niobium, the most convenient solution procedure was found
to consist of fusing each residue with a small amount of potassium bisulphate
followed by solution of the melt in concentrated sulphuric acid,
diluting each resultant solution to 25 ml, with concentrated sulphuric acid, a
10 ml. aliquot was taken for the formation of the niobium colour and another

"~ similar aliquot for determining the blank absorbancy due to other ions in

After

solution., The niobium content of each residue was then determined by relating
the absorbancy difference reading for these two solutions to the appropriate

niobium calibration graph.

ABSORBANCY VALUES FOR THE NIOBIUM COLOURS FORMED

TABLE IV

WITH HYDROGEN PEROXIDE

Co§§:8;riﬁi;g‘of Lbsorbancy values for different. cells
0 CI., 1 cn 0.5 cn
0 0] 0 0
0.5 0.175 - -
1.0 0.3575 0.13 0.0675
1.5 0.55 - -
2.0 - 0.26 0.1375
3.0 - 0.375 0.1975
4.0 - 0.49 0.255
5.0 - 0.61 0.32
6.0 - - -
7.0 - - 0.4175
8.0 - - 0.4725
- 9.0 - - 0.5125
10.0 - - 0.5475
-7 -



Interferlng Elements . ,-j,»; L ! ﬁ;,ﬁ;.

o

e . - ey

The spectrographlc exaalnation of several alloy samples, showed that 1ron J%th
;lSillcon presented Sr

and s1llcon were the only important . contamlnatlng elements
no dlfflcultles in the complete -scheme -of analys1s, sinc ‘1t
volatllisatlon in, the initial, attack of . alloys with 'the:ni: r1

renoved Ly - -

is consequently separated fron tho uran;um with the majo

] ,=nlob1um portlon.
The small -ariountg .of iron are, separated from the - niobiim

in’the repre01pitat1on

of this elemént with tannic acid, and remain in the flltrate. . They .aré ea81lyj; 5J‘b

recovered, hewever, by making the solution:ammoniacal and 1gn1t1ng the precipi~

tate at 7500C. ‘after filtration.. ~The.residue- -produced at this.stdge contains -

a small amount of U,04 in additlon to: the iron oxide (Fezo3) . The concentra-
" tions of 'both thesé elements can be readlly -determined -by absorptlometrlc

nethods, using thioglycollic a01d for the 1ron and hydr h”perox1de for the
uranium determinatlon. s

The‘Determlnatlon*cf'Urahium- T e e Jt“tf*”‘“’“ s

Although good recoveries weére obtalnod for the uranlun in, synthetlc alloys
after the wet oxidation of organic matter, this procedure proved rather time
consuning and a qulckor procedure - was -considered -desirable-~ - The: direct- pre-
cipitation of ammoniun diuranate in the presence of cupferron and- other organic
naterial remaining frem: the' extraction-of nicbium-olways resulted.in low uraniun
recoverics.,  However, it was thought that the.addition of tannic.acid to. the:
~ammoniocal solutlon after pr001p1tat1ng the , ammoniun dluranate would result 1n
' the conplete precipltatlon of the uraniunm, Experinents were therefore carrled

out to test:the.behaviour of “tannic acid in synthetic alloys prepared fron 2, 0 .0

and 1.0 g.- sample,wcights.. In all cases the solutions remalning ofter the

extraction of thejniobiun. cupferrates were boiled to remove“chloroforrm, cooled

and then diluted to 250 nl. with water. Separate 50 ml. allquots were taken,

- diluted with 100 nml, of water and- rendered alkaline with drmonium hydroxide., -

A onc .gran quantity of tannic acid. dlssolvcd in 10 ml. of water was then added

to each solution and -digestion. of the’ solution allcwed to itdke place for a

definite period of time. After flltratlon on to No, 541 Whatman filter papers

and washing with 2% ammoniun nltrate, all precipitates were -ignited to uranium

oxide (U,0 ) . The results obtained for the recovery of uranium in these

.. experine ts are shown in Table V and prove conclugively that ‘the tannic acid .
‘method is definitely inferior to, the wet .oxidation method. - It proved .

. impossiblc therefore to replace the lengthy wet ox1datlon procedure by a qulcker
;:method for the determlnatlon of uraniun.

'r, P

1 ydrofluorlc acld ekl
solvent mlxture., Iron, however, forms 0 cupferrate . soluble :in chloroform. and o

R




TABLE V

RECOVERIES OF URANTUM UNDER VARIOUS EXPFRIMENTAL CONDITICNS

*Wt, of UBOS recovered
Wt, of
Composition of Alloy g3g§ 2.Digesting | 3.Digesting
51.' .t 1.After wet tannate tannate
alliquo oxidation for for
1 hour, 12 hours.
1. O.1Ong,2.2494€.U308 0. 4499 0. 4471 0.4053 0. 3509
2. O.1Ong,1.0684g.U308 0.2137 0.2112 0. 2066 0.1921

#Thege weights do not take into account any small amounts extracted with the

nicbiun,

Results of the /finalysis of /llovs

The results obtained by applying the final procedure to the analysis of

typical alloys arc ghown in Tablc VI,

The total pcrcentage for the trace

inpuritics present in each alloy arc based on thc results of spectrographic

analysis.

The suitability of the procedure is confirmed by the satisfactory

results produced for the total percentage composition in all cases.,



TABLE VI

RESULTS FOR_THE COMPLETE ANALYSIS OF ALLOYS "

. '.Nominal.Nb , " Percentage Composition |
No. : Nb . Total
° - Content o .Uranium  Impurities
1. | es |00 | 7.3 006 | 99.99
2. | 102 |10.82 | e85 020 | 9.7
3. 5% L7 |- 95,10 0.05- | 99.62
4o 1% | 0.96 |  98.66 0.5 | 99.67
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(1940).

- 10 -




APPENDIX

COMPOSITE SCHEME FOR THE ANALYSIS OF URANIUM-NIOBIUM ALLOYS

RECOMMENDED PROCEDURE

Qutline of Method

After dissolving the alloy in a nitriec-hydrofluoric acid mixture, a quantity
of sulphuric acid is added and the solution is evaporated to fumes of this
acid.,  The solution is then suitably ¢iluted with water, cupferron is added to>
precipitate the niobiun and the precipitate is separated by extracting with
chloroform. Small amounts of iron and uranium are separated from the resulting
niobiun pentoxide residuc and their concentrations are determined by absorptio-
metric nethods, Organic nmatter remaining in the agueous solution after the
extraction procedure is deconposed by wet oxidation and the uraniunm is
deternined by precipitating as ammonium ciuranate followed by ignition to Us0g.
This residue is exanmined for the presence of natter insoluble in nitric acig;
any such naterial being cxanined for the presence of niobiun by an absoptio-
netric method,

Applicability

The method is suitablc for the determination of niobiun contents up to 25%
with an error less than + 1%.

Reagents Required

Cupferron (6%) - dissolve 6 g, of fnalar reagent in 100 ml. of cold water
and filter before use.

Tannic acid (5%) - dissolve 5 g. of B.P., quality reagent in 100 ml. of
water,

Oxalic acid (4%) - dissclve 4 g. of Analar reagent in 100 ml. of water,

Sulphuric acic (Sp.gr. 1.84); nitric acid (Sp.gr. 1.42); hydrofluoric
acid (40%); thioglycocllic acid; hydrogen peroxide.

Proccdure

1. Preparation of solution of the alloy 5"‘ Notes

Carefully drill the sample to procduce very fine
drillings and then take a suitable sanple weight depend-
ing upon the niobiun content, according to the
following table:- :

For sanples with Nb percentages less than 5%, takec a
2.0 g, sanple weight,

For samples with Nb percentages between 5 and 10% take
a 1.0 g. sanple weight,

For samples with Nb percentages greater than 10% take
a 0.5 g. sanple weight,
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Transfer. the alloy to a 100 ml. platinum dish
and digest with repeated 25 ml, iportions of nitric
acid (Sp.gr. 1.Z2) together with 2 or 3 ml, of
hydrofluoric acid. (40%), wntil complete solution of -
the alloy is obtained, (a) Then add 10 #ul, of
sulphuric acid (50%) evaporate to fumes of this
acid and fume strongly for a short period to
completely -remove ‘the hydroflucric acid, .- Cool,
dissolve in 50 ml. of an-aqueous solution containing:
3 to 4 .g. of ammonium oxelate (b) .wash.into.a .
250 ml.. squat;.beaker and 'adjust the final volune to
between 100 and:150.ml. with water,: . If necessary.
add more sulphuric acid (50%) to adgust ‘the acidity.~

of the solutlon to be approx1mately 5% in sulphurlc :_,ﬁj

&ClC.

2 Extractlon Proceduref

Cool the ﬂlloy solutlcn cown to loss than 5OC w5

in an ice.bath and at the same time cool a freshly:
prepared 6% aquedus solution of cupferron to the
sane tenperaturo. Transfor “the -alloy solution to a
300 nl, separating funncl and add 25 ml, of the cup-
ferron reagent with gentle ﬂgltatlon. " Then shake
vigerously for a few ninutes to cause the
coagulation of the cupferrate precipitate,

- Extract. the precipitate by shaking with - - .
successive and diminishing quantities (e.g. 25, 20,
15 and 10 nl.,) of pure chloroform. Separate the
organic layer after.each extraction and”wash-through .
with about 5 rl. of pure chloroforn., Combiné the
extracts and washings together in a 150 nml. fused
silica beaker., [t this stage add a:few drops of the
cupferron solution to the aqueous layer, if there is
an immediate formetion of a white. precipitate, which
does not persist but redissolves on:gentle shaking of .

- the funnel, the extraction of the nicbiun cupferrate
nay be regarded as complete as possible, Wash the
aqueous solution into a 500 nl, squat beaker,

evaporate to low bulk and reserve for the: gravinetric |-

deternination of the uraniun.

-1 L

o

Notes

If uraniun. fluoride
- 'preécipitates during
* this procedure, -

- .dilute slightly -

009

with water to
digsolve -the.

precipitate..’

3 The - -ammonium
oxalate. prevents
. - the niobiun from.

. precipitating from -

BN AP

solution, -




3, Deternination of Niobium

Evaporate thc combined solvent extracts to dry-
ness in the silica beaker using a noderate hot plate
and finally a bunsen flame, Then ignite the residue
carefully at first and finally at 750°C for thirty
ninutes in a muffle furnace., Cool, fusc the residue
with 2 g, of pctassiun bisulphate until a clear melt
is obtained and then extract the cooled nelt with about
100 ml. of hot woter in the silica beakcr (c). Bring
the solution to the boil, stir and precipitate the
soluble niobiwa by the dropwise addition of 10-15 nl.
of a freehly prepared 5% tannic acid solution.  Boil
for one or two ninutes after the addition of the
reagent and digest hot for sixty minutes,  Then filter
through a snmall Whatman No, 40 filter paper, washing wecll
with a hot 1% armonium sulphate solution., Dry and ignite
the precipitate at 7500C in o weighed platinum cdish,
Calculate the weight of niobium in the sanple by nultiply-
ing the weight of the oxide residue by the factor 0.699.

Make the filtrate armoniacal to precipitate iron
and uraniun tannate and dipost the solution hot for
about one hour, Filter through a Whatnan No, 40
filter paper, washing the precipitate with a hot 2%
anmoniun nitrate wash solution. Dry and ignite any
precipitate in a platinun dish at 750°C.,  Transfer
the residue to a small glass beaker and attack with 2
few mls. of aqua rcgia, Filter off any insoluble
and conbinc its weight after ignition with the weight
of the nain niobiun pentoxide residue.,  Dilute the
filtrate to 50 nl. ond rescrve for the deternination
of iron and uraniun.

L. Doternination of Iron

Pipette 20 nl. of the filtrate from 3 into a
conical beaker and add 3 ml. of a 25% thioglycollic
acid solution. Then neutralise the solution by the
addition of armoniun hydroxide (Sp.gr. 0.88) and add
three drops in excess, Dilute to 50 ml, with water and
nix thoroughly, Mcasure the absorbancy on the Spckker
Lbsorptioneter using Ilford 604 filters.and 2 cm, cells.
Detcrnine the iron concentration by reference. to a
calibration graph prepared by applying this nethod to o
suitable standard iron solution (d), . Multiply by 2.5
to obtain the total iron concentration of the sanple,
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Notes

(c)

(@)

This solution
is cloudy at
this stage due
to the hydroly-
sis of the
niobiun.

I solutioa
containing

1 ng, of iron
per nl, is
suitable,
Prepare by
dissolving
150 ng. of
speepure iron
in 2 small
volune of aqua
regia and
diluting to
100 ml, with
water,



" Notes

5, . Detefmination of the Uranium Co-extracted with the ST

" Niobiun

Pipette 20 ml., of the filtrate from 3 into a:
conical beaker, Add 0.5 ml, of 20 vols, hydrogen
peroxide and a 10% sodiun hydroxide solution to -
neutralise the acidity. Then add 5 nl, of 10%
sodium hydroxide in excess, filter if necessary and
dilute to 50 ml., with water, Measure the
absorbancy:. of the. solution on the-Spckker using a
nercury vapour lamp, H, 556 filters:and a 4 cri- cell,
Determine the uraniun concentratlon by reference to

a calibrétion graph prepared by applying this'mothod "

to a suitable standard uranium solution (e).Multiply
this result by 2.5 and combine with-the result from -
6 to give the total uraniun content of the.sample,~.

6. Deternination of Uraniun - - ' -

Transfer the agueous Solutlon reserved fron 2
to a 300 ml. Kjeldahl flask and add 10 nl. of
sulphuric acid (50%).  Heat the.flask on a sandbath
to the formation of sulphuric acid fumes and then- )
occasionally add nitric acid dropwisc (Sp.gr. 1.42)-
to deconipose organic natter, Cool - sllghtly, wash
the walls of the Kjcldahl flask w1th a nininun
volune of water and rcfune,

Transfer the solution to a 400 ml. squat beaker
and dilute to about 100 ml, with wdater. Then add
carbonate~frec armoniun hydroxide to make the solu-
tion slightly armoniacal. 2dd about six nacerated
Whatnan accelerators and digest warm for about -
thirty minutes to enable complete precipitation of
the armoniun ciuranate,

Filter through a No./0 Whatnan filter papcr,
washing six to cight tirncs with a hot 2% armoniun
nitrate solution. Transfer the precipitate to a
platinun dish, dry and ignite at 750°C for thirty
ninutes, After cooling, add a few'mls, of nitric
acid (Sp.gr. 1.42) to the platinum dish and digest,
warm to dissolve the U;0g.  Dilute the solution
with a small volume of “water and exanine for the.
existence of insoluble matter,  If prescnt, filter
" through a small No. 40 Whatman filter paper, washing -

 with 2% armoniua nitratc solution, Ignite the residuey -
but repeat the treatment with nitric acid to completely
‘recover the urahium from the residue,  Combine this -
filtrate with the main uranium filtrate and reserve

the residue for the determination of niebium.
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1 (e) 4 solution

‘containing
1 mg, per
nl, isg suit- .~

~able, ' Prepare .
by dissolving*

- 0.5902 g. of
Specpure U308
in ‘a small

Cquantity of

" HsS0, .with the
addition of a

- minimum. of
- HNO4,  Dilute
< to OO ml, w1th
water.
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£,dd carbonate-free ammonium hydroxide to the
conbined filtrates to precipitate the ammonium diuranate,
Then add the filter paper pulp to collect the precipitate
and filter through a Whatman No. 40 filter papcr in the
usual way, after digesting for about thlrty'minutps.
Ignite the precipitate to U g at 750°C in a weighed
platinum dish for about thlgty minutes and deterninc
the weight of U Og from the increase in weight of
the dish, Calcu%ate the weight of uranium in the
sample by using the factor 0,848,

7. Determination of trace amounts of unextracted -

Niobium

Fuse the small residue from 6 with about 0.25 g.
of potassium bisulphate in a platinum ¢ish, Extract

“the nelt with a few mls, of sulphuric 4cid (Sp.gr. 1.84)

and dilute to 25 nl, with this acid, Mix the solution
thoroughly and pipette two separate 10 ml. portions into
small beakers, To one portion add 0.1 ml, of hydrogen
peroxide (100 volumes) to form the niobiun colour and
nix thoroughly. Measure the absorbancy of this solution
using an appropriate nicro ccll, Ilford 601 filters and
the mercury vapour lamp. Then transfer a portion of
the other 10 ml., aliguot to the same cell and neasure
the absorbancy of the blank solution., Relate the
differcnce reading to the calibration graphs (f) to
obtain the niobium concentration., Multiply this

result by 2.5 to give the total niobiun content of

the residue and cowblne with the niobiun result obtained

in 3.
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Notes

See Table IV,
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