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A s a t i s f a c t o r y  procedure i s  described f o r  t he  analysis  of uranium- 

niobium a l loys  containing up t o  25% niobium. It i s  based on t h e  separat ion of 

t he  niobium from uranium by dissolving the  cupferron complex of t he  former 

element i n t o  chloroform. 

combined organic ex t rac ts ,  t he  niobium i s  igni ted  t o  t h e  pentoxide. The 

uranium i s  afterwards prec ip i ta ted  f r o m  the  remaining aqueous so lu t ion  by 

the  addi t ion  of m o n i u m  hydroxide a f t e r  t h e  wet oxidation of  organic matter.  

Absorptiometric procedures a r e  included f o r  t h e  determination of t he  small 

amounts of uranium co-extracted with the  niobium and t h e  t r a c e  amounts o f  

unextracted niobium. 
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1. -- INTRODUCTION 

I n  a recommended method 1 f o r  t h e  ana lys i s  of uranlum-niobium al loys,  t h e  
separat ion of t he  niobium from the  u r a d u m  i s  accomplished by dehydration with 
fuming perchlor ic  acid. 
of t h e  so lu t ion  after the fuming process, t h e  recoveries  of niobium may be low 
by as much as 5 mg. 
making a correct ion f o r  t h e  s o l u b i l i t y  of t he  niobium. 
considered unsat isfactory and inves t iga t ions  were s t a r t e d  t o  develop a procedure 
su i t ab le  f o r  t he  accurate ana lys i s  of uranium-niobium a l loys  containing per- 
centages of niobium up t o  a maximum of approximately 25%. 

Although t h i s  method a l s o  includes a long digest ion 

Results accurate t o  0.5 mg. are claimed, however, by 
This method was 

It i s  possible  t o  determine macro amounts of niobium by t i t r a t i o n  with a 
standard potassium permanganate so lu t ion  a f te r  redu.cing t h e  niobium i n  a Jones 
reductor2. This type of procedure could not be s a t i s f a c t o r i l y  applied t o  the  
d i r e c t  determination of niobium i n  these al loys,  however, because of t he  
simultaneous reduction of t h e  uranium i n  the  reductor.  
of determination general ly  cons is t  of t he  p rec ip i t a t ion  of the  niobium 3.s t he  
cupferron o r  tannin complex followed by ign i t ion  t o  t h e  oxide a f t e r  f i l t r a t i o n .  
Moreover, cupferron i s  pa r t i cu la r ly  useful f o r  t h e  separat ion of  niobium f r o m  
uranium, s ince uranium does not form a p rec ip i t a t e  with t h i s  reagent uuless it 
i s  present i n  so lu t ion  i n  the  quadrivalent s ta te3 .  I n  developir,g a new pro- 
ccdure f o r  these alloys, therefode, t he  preliminary experiments were confined 
t o  an inves t iga t ion  of t h e  app l i cab i l i t y  o f  t h i s  reagent. 

Gravimetric methods 

2. EXPERIMFNTAL 

Suitnblc  synthet ic  a l l o y  solut ions were prepared by fusing weighed 
quan t i t i e s  of niobium p a t o x i d e  with potasstun bisulphate,  ex t rac t ing  the  
n d t s  with oxal ic  acid and then mixing each solut ion with a su i t ab lc  uranyl 
solut ion.  
down t o  5 O C  i n  an i c z  bath and then a quant i ty  of a f r e s h l y  prcparcd 6% 
solu t ion  of cupferron was added t o  prec ip i ta t ;  t he  niobium. The r e su l t i ng  
p rec ip i t a t e s  werc f i l t s r c d  onto suitablL f i l t c r  papers and ign i ted  a t  cbout 
75OoC af te r  washing w i t h  :L cupferrcn wash solut ion.  I n  general, however, 
t h i s  proced.se produced high recoveries f o r  t h e  niobiun due t o  t hc  ser ious 
contamination o f  th, niobium pintoxide with uraniun oxide (U 08). 

i n  t h e  separat ion of c e r t a i n  elernents f r o n  uraniun with cupfei-ron can be 
considerably minimised by extract ing t h e  cupferrate  p rec ip i t a t z  with chloroforn 
o r  any othcr  su i t ab lz  organic sofvont-  
be insolublc  i n  chlorofom5, but i f  chloFoform plus  hydrogen cupferrate  i s  
ag i tn tcd  with an aqueous niobium solut ion nppreciablc mounts  of this e l m e n t  
can be t ransferred t o  thz  chloroform layer .  
was therefor2 invest igatcd i n  an e f fo r t  t o  inprove' the separat ion of t hc  
n iobiu i  from uraniun. 

Extraction of Niobiun from Uranium-Niobiun Mixture 

I f t x  making thi? so lu t ion  5% i n  sulphuric acid,  t k y  were cool-d 

I n  t reccnt 
rcpor t  Furnnn and Mason4 recommend that  the  contamination d i  z f i c u l t y  a r i s ing  

Niobiun cupferrate i s  howevcr said t o  

This type of ex t rac t ion  procedure 

I n  t h c  i n i t i d  experiments synthet ic  a l l o y  solut ions were pY3parcd as 
before. 
100 i d .  with water and cooled down t o  about 5 O C .  i n  an i c e  bath. After 

Each solut ion was then  riade 5% i n  sulphuric acid,  d i lu tcd  t o  about 



t ransference t o  

1 

.' 
i n  a platinum d i sh  with repeated qu 

I 

/ -  

e t a i l c d  s tudy of t 
m.s now ca r r i ed  o 
OD 0.106 g. of SP 

cup-f c r r a t e  i n t o  
*the IO% n i o d i m  
u r i t y )  and 1.066 g. 
e 'nfobium cupSerratc . ' f  The z e s i d  

was anakysed f o r  niobium and uranium by t h e  abo 

ti' 

, 



ac id  procedure with t h e  r e s u l t s  shown i n  Table I. 

TABLE I 

THE CONCENTRATIONS OF NIOBIUM AND URANIUM IN EACH CHLOROFORM EXTRACT 

Of 
cHCl3 used 

1:- No. of W t .  of Nb 
extracted 

i n  g. 

25 m l .  

20 ml. 

1 5  ml. 

10 m l .  

” 0.1029 

0,00196 

nil 

n i l  

W t .  of u 
cxtrac t ed 

s m p l c  weight taken 

2.0 g. 

1.0 g. 

0.5 g. 

I-__I_- 

up t o  5% 

5 t o  10% 

Greater than 10% 

t r a c e  

n i l  

n i l  

n i l  

h 

This inves t iga t ion  showed t h a t  two ex t rac t ions  removed t h e  majori ty  of t h c  
niobium cupfcrratc  aiid only a small quant i ty  of uranium contaminated t h e  f i n a l  
n i o b i m  pcntoxize rcsidue. However, s ince  a t o t a l  of 0.1049 g. of niobium 
was recovered f r o n  t h e  a l loy ,  a small quant i ty  of t h i s  n e t a l  appeared t o  be 
uncxtracted, which noreover r e s i s t e d  ex t rac t ion  on shaking with fu r the r  port ions 
of solvent.  
extending t h e  procedure t o  other  synthe t ic  a l loys  covering a wide range of 
niobiwi pcrcentagcs. 
taken dcpcnding upon t h s  n i o b i m  content, according t o  t h e  following scherno:- 

Further  evidence confirming t h i s  behaviour was produced by 

I n  preparing these  a l l o y  solut ions,  a s m p l c  weight was 

Tllc t o t a l  niobium recoveries obtaincd f c>r these  various synthet ic  a l loys  
a r e  Ehown i n  Tablc 11. . -  . 

- 3 -  



No, 
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I 

2 

3 

4 

5 

-- TABLE 11' ' 

RESULTS FOR TH€3 RECCIVERY Ok NIOBIUM I N  

-- - 

Noninal 
Nb 

Content 

1% 

2% 

5% 

10% 

* 20% 

6" 

-- 

I 

:omposition o f  mixturke i n  g. 

~ u3°8 m2D5 
L 

1.9838 

1.9606 

0.9506 

0.451 0 

0.5241 

.. 

Although very s a t i s f a c t o r y  recov 
t h c  low pcrccntngc a l loys ,  t h e  rccoyc 
niobiuri tcndcd t o  be. s l i g h t l y  low. 
of uncxtracted niobiurn w a s  produced b 
rcnaining so lu t ions  and. CxLLnlinini t he  8'. residues.  Snall amounts, of 
n a t e r i a l  insoluble  i n  n i t r i c  acid wcr some of  t h e  residues and t h i s  
was accepted a t  t h i s  s tage  as satisfa idence. I n  another 
s e r i e s  of cxper imnts  with synthet ic  
pentoxic'c were recovered by the  abov 
n i t r i c  acid.  I n  a l l  cases t h e  inso  
75OoC, weighcd and 'conbined with t h c  
chloroforn extract ions.  The uranium contents were also deternined. i n  the  
f i l t r a t e s  by rendering then a lka l ine  with carbonate-free m,ioniun hydroxide 
after w e t  oxiClsing any organic matter and ign i t ing  t h e  p rec ip i t a t e  t o  U 0 
after f i l t r a t i o n .  
are shown i n  Table 111. 

e r e  obtained-f 

ng the  uraniurn froir t h e  

t h e  t races 'cf  unextracted niobiun 

/' 
3 8  The recoveries of t h e  niobiun and uranim from these  a l loys  

/ 
# 

. .  . I  , ... 

. .  
. .  . .  . .. 
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TRBLE I11 

RESULTS FOR THE COMPLETE A.IiALYSIS OF SYNTHETIC AL,LOYS 

No . tic3lnal 
Alloy 

:onpo si t ion 

o r i g i n a l  composltior 

Sample Wt. 

. I ---I- 

Nb O recovered 
2 5  - - I__ 

Traces 
i n  g. 

port ion 
i n  g. 

0.1419 .0008 

0.i 41 2 .0008 
- 

- - 

% U  
determined 

...._ _I__ 

74.8 

89.84 

94.9 

The Deternination of  t r a c e  mounts  of Niobiun 

I n  t h e  ana lys i s  of ac tua l  a l l o y  smples ,  it w a s  considered preferab le  t o  

This necessi ta ted 
exanine t h e  acid insoluble  res idues f o r  niobi-ur.1 content, ins tead  o f  assuning 
a l l  res idues t o  cons is t  e s s e n t i a l l y  of niobiuri pentoxide. 
t h e  developnent of a sens i t i ve  and s d e c t i v e  procedure f o r  deternining t r a c e  
aiounts  of t h i s  elzrient. 
t h i s  purpose but experinents showed t h a t  other  elerients present (e.g,  u r a n i m )  
gave r i s e  t o  such a v a r i e t y  and ariount of a c t i v i t y  a f t e r  a shor t  i r r a d i a t i o n ,  
t h a t  it was not possible  r ead i ly  t o  pick o f f  t h e  6.6 n inute  decay due t o  
i i iobiui  f ro i i  t h e  gross decay curve. 
r.ictric nethod f o r  t h i s  deterrxkdxion was therefore  considered, On reducing 
iiiobiuri i n  a hydrochloric acid so lu t ion  t o  the  t r i v a l e n t  s t a t e  with t i n  
arialgm, Gentry and Sherrington6 reported a s t rong yellow colour produced by 
t h e  addi t ion  of potassiulr thiocyanate,  LLinarin e t  a17 used t h i s  colour 
conplex i n  a nethod f o r  t he  determination of niobiuri i a  n ine ra l s  and ores  
after reducing the  niobiun with stannous chloride.  Interference w a s  encountered 
fror i  irany elenents  i n  t h i s  nethod, however, including Mo, W, U, V, Fe, C r ,  Co, 
Cu, e t c .  E%eriLlents showed t h a t  t h c  reduct ion o f  t hc  niobiun i s  i n  f a c t  
unnccessary f o r  t h e  production of  t he  colour conplcx and t h i s  observation 
i n m d i a t e l y  inproved t h e  s c l e c t i v i t y  of t h e  thiocyancte nethod f o r  niobiulz 
s ince severa l  of t h e  i n t e r f e r i n g  elenents  ncntioned r e a c t  only i n  t h e i r  lower 
valence foms. 
l i n c s  which also included t h e  ex t rac t ion  of t h e  yellow niobiun conplex before 
taking t h e  absorbancy ncasurenents. Details of t h i s  proccd"ire as applied t o  

The nethod of ac t iva t ion  ana lys i s  was considered f o r  

The p o s s i b i l i t y  of developing an absorptio- 

1, s a t i s f a c t o r y  procedure was eventual ly  developed along these 

oxidc T - X - ~ , ! I ~ X  a r e  as follows:- _ .  

Fuse t h e  residue with 1 .O g. of potassiun bisulphate  and ex t r ac t  t he  n e l t  
with a so lu t ion  containing 2 c. c.f t m t z r i c  acic! and d i l u t e  t o  a convenient volurie 
with water. Transfer 20 nl. of hydrochloric acid (sp. gr.  1.16) t o  a 50 nl. 
stoppered neasuring cylinder,  add 15 ril. of water followed by 5 r d .  of a 
potassiwi  thiocyanate so lu t ion  ('75;). 
n i o b i m  solut ion and d i l u t e  t h e  f i n a l  so lu t ion  t o  the  50 r i l .  graduation nark. 
Extract  t h c  niobiwi colour by shaking with two separate  10 r d .  port ions of m y 1  

Then add a s u i t a b l c  v o l m e  of t h e  

- 5 -  
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4 
alcohol,  combine t h e  ex t r ac t s  i n  a 25 ml, volumetr ic ' f lask and d i l u t e  t o  
volune with m cohol. "~ Mix t sorbancy using 

- 601 f i l t e r s  an 

-Although t h i s  procc'dure co ence from some , 
clcncnt  s including tungsten and molybde 
considerably in t ens i f i ed  due t o  t h e  absence o 
f o m a t i o n  o f  t h e  f e r r i c  thiocya 
graphic-method showed i r o n  t o  b of these  a l loys ;  it 
decidea t o  ihves t iga t e  other  possible  abso rp t io~  

e from i r o n  was 

er, s ince  t h e  spectro-' 
educing agent t o  prevent t h e  

duced by adding hydrogen ~ 

ntaining n i o b i m  and used 
i n i n a i y  experiments 
s therefore  not given an 

owever, a f t e r  t he  f a i l u r e  
c onsidercd worthwhile. 
IC and by using n ic ro  

t o  make t h i s  colour 
nt .-  - In te r fe rence  from ' i 

, .  
t micro-cell ava i lab le  f o r  use with t h e  e r  Absorptiometer . For m a x i m u m  

or, t h e  preparat  
i 100 mg. of sp  bium pentoxiee with 
c t ing  t h e  meit with concentrated ac i?  and 

c'ilutiag t o  100 Td, -flask wfth t h  ie. Differen t  s u i t a b l e  
' a l i q u o t s  were taken t i o n  graphs'and afker  , 

n e t c r  using a ng)rcur 
s m & i s c d  i n  Table 

I. 

a- ' ' -AA i iwes t ig i t ion-  
t i o n s  'sfiowed t h a t  .the 
in te r fe rence  in- tk;e  ri 
co lour  by t h e  us,e of  
s ince  these' reagents  
F u r t h e r  inves t iga t ions  were 
a l loys  had shown t h e  non-occurrence of these  e lmen t s .  



a On now examining t h e  residue produced i n  t h e  ana lys i s  of a l loys  requir ing 
t h e  de t emina t ion  of  niobium, t h e  nost convenient so lu t ion  procedure was found 
t o  cons is t  of fusing each residue with a small amount of potassium bisulphate  
followed by so lu t ion  of  t h e  melt i n  concentrated sulphuric  acid,  
d i l u t i n g  each r e s u l t a n t  so lu t ion  t o  25 m l .  with concentrated sulphuric  acid,  a 
10 m l .  a l iquot  was taken f o r  t h e  forna t ion  of t h e  niobium colour and another 
s imi l a r  a l iquo t  f o r  deternining t h e  blank absorbancy due t o  other  ions i n  
solut ion.  
t h e  absorbancy d i f fe rence  reading f o r  these  two so lu t ions  t o  t h e  appropriate 
niobium ca l ib ra t ion  graph. 

After 

The n i o b i m  content of each residue was then determined by r e l a t i n g  

I 

I . .  

TABLE IV 

ILBSORBANCY VALUES FOR THE NIOBIUM COLOURS FORMED 
WITH HYDROGEN PEROXIDE 

Concentration of  
Nb2O5 i n  ne. 

0 

0 

0.5 

1 .o 

1.5 

2.0 

3.0 

4* 0 

5 .*O 

6.0 

7.0 

8.0 

9.0 

10.0 

Lbsorbancy values f o r  d i f fe ren t .  c e l l s  

3 -cm. 

0 

0.175 

0.3575 

0.55 

- 
- 
- 

1 cn. - 
0 

- 
0.13 

- 

0.26 

0.375 

0.49 

0.61 

- 

0.5 cm. 

0 

- 
0.0675 

- 
0.1375 

0.1975 

0.255 

0.32 

- 
0.4175 

0.4725 

0.51 25 

0.5475 

- 7 -  



.I__I .__. I . . .  
. .  

, . . -  
. .  ‘ . .  .. . 

1 . .  . .  

1 In t e r f e r ing  Elelzlentg 

*. 

recovered[, however, by naking t h e  s o l u t i  
t a t e  it ‘750%. a f t c r  f i l t r a t i o n .  The 

~ ” ,_ The Detcminat ion of ,Uranium 

J 

consurfing and a quicker procedure was -considered desi-rable. * ~ 

c i p i t z t i o n  of m o n i u r i  diuranate i n  t h e  presence of cppfcrron and othcr organic 
n o t e r i a l  rcnainink f r c n  thc  extraction-of niobiuri-dways r e su l t ed , in  l o w  uranium 
rocovorizs. 
amoniaca l  so lu t ion  a f t c r  p r c c i p i t a t i s g  the.arnr,ioniun diuranatc would result 
th8 conpleto p rec ip i t a t ion  of t h e  uraniun. Experinents were therefore  Carr ie  
out t o  tes t  t h e  bqhaviour of “tannic acid i n  dynthetic’ d.’_oys prepared f ron  2.0 
,and 1.0 g. smplciwcights ,  I n  nll cases t h e  so lu t ions  remaining a f t e r  t h e  ’ 

ex t r ac t ion  of thc in iobiun  cupferrates  were boiled t o  renove chloroforn, cooled 
and then d i lu t ed  t o  250 n l .  w i thwa te r ,  Sepmate 50 nl. a l iquo t s  were taken, 
d i lu t ed  with 100 12. of water and rendered a lka l ine  with m o n i m  hydroxide. 
A onc . pan  quant i ty  of tannic  acid. d lvcd i n  10 ml. of ‘water was then added 
t o  each so lu t ion  and d igcs t ion  of  t h  l u t i o n  allcwed t o  take place f o r  a 
d e f i n i t e  period of t i n e .  After f i l  ionson  t o  No. 541 Whatnan f i l t e r  papers 
and trashing with 2% m o n i u n  n i t r a t e  1’ prec ip i t a t e s  were ign i ted  t o  uraniurl 
oxidc ( U  08). 
experineats are shown i n  Table V and prove conclusively t l iat  t h e  tannic  acid 
nethod i s  d e f i n i t e l y  i n f e r i o r  t o  t h e  yot ,ox ida t ion  nethod. 
i;npossiblc thereforc  t o  replace t h e  lengthy wet oxidationiprocedure by a quicker 
ncthocl f o r  t h e  detcrninnt ion of uraniun. 

.I 

However, it was thought t h a t  t h e - W i o n  o f  tannic  acid t o  t h e  

The results obtained f o r  t h e  recovery of u r a n i m  i n  these 

It proved 



TABLE V -- 

1. After wet 
oxid.at ion 

RECOVERIES OF URANIUM UNEEB VARIOUS EXPER-WTAL CONDITIONS 

2,Digesting 3.Digesting 
tannate tannate 
for for 

1 hour, 12 hours 

0.4471 

0.2112 

Composition of Alloy 

0.4053 0.3509 

0,2066 0.1921 

wt. of 

aliquot 

0.44?9 

0.2137 

*Wt. of LT 0 recovered 3 8  

$$These weights do not take into account any snal l  Lvounts extracted with the 
ni cb i u n  . 
Results of the i",nalssis of I ' i l l o ~ s  

Thc results obtaincc' by applying the fined procedure to the analysis of 
typical d l o y s  arc 9hor.m ir? Tablc VI. 
inpurities present in c x h  alloy arc based on thc results of spectrographic 
analysis. The suitability of the procedure is confirrid by the satisfactory 
results procluced for thc t o t a l  pcrccntagc conposition in all cases. 

The total pcrccntage f o r  thc trace 

- 9 -  



TABLE V I  I 

RESULTS FOR THE COMPLETE ANALYSIS OF ALLOYS - Ir 

, 

Percentage Conposition 

I 

I 
1 
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APPEND M 

COMPOSITE %HEM3 FOR THE 1NlLYSIS OF UEiANIUM-NIOBIUM ALLOYS 

RECOMMENDED PROCEDURE 

Outline of  Mothoc', 

After  dissolving t h e  a l l o y  i n  a nitric-hyclrofluoric ac id  nixture ,  a quant i ty  
of sulphuric acid i s  added and t h e  solutioii  i s  evaporated t o  fumes of t h i s  
acid. 
p rec ip i t a t e  t h e  n i o b i m  and t h e  p rec ip i t a t e  i s  separated by ex t rac t ing  with 
chlorofom. &all mounts  of i r o n  and uranium 
niobiwi pentoxide resic7ue and t h e i r  concentrations a r e  deterilined by absorptio- 
metric nethocls. 
ex t rac t ion  procedure i s  deconposed by wet oxidation and t h e  uran iu i  i s  
deternined by p rec ip i t a t ing  as myoniun c'iuranate followed by i g n i t i o n  t o  U 08. 

any such n a t e r i a l  bein: exmined f o r  t h e  presence of niobium by an absoptio- 
n c t r i c  ncthoii. 

The so lu t ion  i s  then s u i t a b l y  l i l u t e d  with water, cupferron i s  added t=  

separated from t h e  r e su l t i ng  

Organic n a t t e r  renaining i n  t h e  aqueous so lu t ion  a f t e r  t h e  

This res idue i s  exanined f o r  t he  presence of n a t t e s  inso luble  i n  n i t r i c  a c i . ;  3 

Appl icabi l i ty  

The nctho?. i s  s u i t a b l e  f o r  t h e  c'.eterminction of  n i o b i m  contents up t o  25% 
with an e r r o r  less than f 1%. 

Reagents Required 

Cupferron (6%) - dissolve 6 g. of Lnalar rcngcnt i n  100 PI. of  cold water 
and f i l t e r  bcfore use. 

Tannic acid, (5%) - dissolve 5 t;. of B.P. q u a l i t y  reagent i n  100 nl. of 
water . 

Oxalic m i d  (4$) - dissc lve  4 E. of malar reagent i n  100 !rl. of water. 

Sdphur i c  acic' (Sp. gr .  1.84) ; hydrofluoric n i t r i c  ac id  (Sp. gr.  1.42) ; 
acid (4.0%) ; t h iog lyco l l i c  acic!; hydrogen peroxic!e. 

Pro c edar e 

1. Preparation o f  so lu t ion  of t h e  alloy 

Careful ly  d r i l l  t h e  sanple t o  proeuce very f i n e  
d r i l l i n g s  and then tdw a s u i t a b l e  s z i p l e  weight clepenc?- 
ing  upon t h e  n i o b i m  content, accorc'ing t o  t h e  
following table:- 

For  sanplcs with Nb percentages less than %, tdce a 
2.0 c. sanple weight. 
For smples  with NS perccntagcs between 5 ani! 10% take 
a 1.0 E .  sniplc  weight. 
For  sx ip lcs  with Nb percentages grea te r  than 10% takc 
a 0.5 E .  smplc  weieht. 

Notes 
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....... Notes 

Transfer t h e  cal.loy t o  a 100 nl. p1dhmr.i c?ish (a) If uranim f1uorid.e 
and d iges t  with repeated 25 L ' p r ec ip i t a t e s  during 
ac id  (Sp.gr. 1 . &) toge ther  t h i s  procedure, 
hydrofluoric  ac id  (40%), unti l  conplete so lu t ion  of d i l u t e  s l i g h t l y  
t h e  alloy i s  obtained. (a) Then add 10 r.iL, of with water t o  
sulphuric  ncid (50%) evaporate t o  f m e s  of t h i s  dissolve t h e  
ac id  and fme s t rongly  f o r  a shor t  period t o  p rec ip i t a t e ,  
coripletely-7 r e m v c  ' t h e  hydrofluoric acid.  - Cool, 
disso lve  i n  50 ml. of an aqueous so lu t ion  containing -,(6) The m o n i u m  
3 t o  4. i .  of, mnoniun o x d a t e  (b) 
250 i d .  squat: beaker and 'adjust  t h e  f i n a l  volu-ie t o  
between 100 'and- 150 PI. ,$th water.. If necessar -+, . . , precipi$ating. from 
add nore sulphuric  ac id  (50%) t o  'adjust I solution: 
of t h e  so lu t ion  tcj be approxinately 5 % '  
aci?. _ I  

2. Extract ion Procedure 

wash.into a oxalate  prevents 
t h e  niobium from 

t - . .  t' % 
I -  

, *  

._ i A I  . .  ( I  

Cool t h e  a l l o y  so lu t icn  ?own t o  less than 5 O C  
i n  an ice bath and a t  t h c  so~nc t i n e  cool a f r e s h l y  
prepared. 6% aqueous so lu t ion  o f  cupfcrron t o  t he  
sarie temperature. Transfer t h e  a l loy  so lu t ion  t o  a 
300 r d .  separat ing funncl ad?. 2 5 d .  of  t h e  cup- 
f c r ron  reagent with gent le  ag i ta t ion .  Then shake 4 

vip-r,rously f D r  a f e w  ninutcs  t o  cause t h e  
cmgula t ion  of t he  cupferrate  prec ip i ta te .  

Extract t h e  p r e c i p i t a t e  by shdcirt.  with 
successive and dinii i ishing quan t i t i e s  ?e. g. 25, 20, 
15 and 1 o d., ) of pure ch lo ro fom.  Separat 
organic l aye r  after each ex t rac t ion  andewash 
with about 5 r i i .  of pure chloroforn. Conbi e 
extracts and washings together  i n  a 150 -d, fused 
s i l i c a  bedwr.  
cupferron so lu t ion  t o  t h e  aqueous layer, i f  there  i s  
an i m e d i a t e  f o r m t i o n  of a white p rec ip i t a t e  which 
does not p e r s i s t  but red isso lves  on gentlc '  shaking of 
thc.funne1, t h e  ex t rac t ion  of t h e  n i o b i m  cupferrate  
nay be regmded as conplctc as possible.  
aqueous so lu t ion  i n t o  a 500 nl. squat beaker, 
evaporate t o  l o w  bulk aad reserve f o r  t h e  grav ine t r ic  
Seterninnt ion o f  t h e  uran im.  

ugh 

f L t  t h i s  s tage  add a few drops of t h e  

Wash t h e  

. . . .  . . 1  
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3. Determination of Niobium 

Evaporate t h c  conbined solvent ex t r ac t s  t o  dry- 
ness i n  t h e  s i l i c a  beaker using a nockratc hot p l a t e  
and f in ' d ly  a bunsen flamc. 
ca re fu l ly  a t  f irst  and. f i r i d l y  a t  75OoC f o r  t h i r t y  
rciinutes i n  a muffle furnace. 
with 2 E. of p c t a s s i m  bisulphate unt i l  a c l c a r  melt 
i s  obtained and thcn ex t r ac t  t h e  coolec! mlt with about 
100 n l .  of hot water i n  the  s i l i c a  beakcr ( c ) .  
t he  so lu t ion  t o  t h e  bo i l ,  s t ir  and p r e c i p i t a t e  t h e  
soluble  niobiw.1 by t h e  dropwise ar.i!dition of  10-15 nl. 
of a fro8hly prepared 5% tannic  acid s o h t i o n .  B o i l  
f o r  one o r  two  ninutcs  a f t e r  t he  addi t ion of t he  
rcagont and d iges t  hot  f o r  s i x t y  ninutes .  Then f i l t e r  
through a snall Whatnan No. 4.0 f i l t e r  papcr, washing well  
with a hot 1% xmoniun sulphate solut ion.  Dry ancl i g n i t e  
t h c  p rec ip i t a t e  a t  7 5 0 O C  i n  
Calculate t h e  weight of niobiun i n  t h e  sanplc by r.iultiply- 
ing the  weight of t he  oxide residue by t h c  f a c t o r  0.699. 

Then i g n i t e  t h e  residue 

Cool, fuse  t h e  residue 

Bring 

weighed plntinur.1 ? ish.  

Mdcc the  f i l t r a t e  a x i o n i a c d  t o  p rec ip i t a t e  i ron  
2nd uraniw.1 tannate  am'. Cl.ic;cst t h e  so lu t ion  hot  for 
about one hour, F i l t c r  through a Whatrxn No. 4.0 
f i l t e r  paper, washing the  p rec ip i t a t e  with a hot 2% 
mnoniur.i n i t r a t c  wash solution. 
p rec ip i t a t e  i n  a p lc t inwi  $.ish a t  75OoC. Transfer 
t h e  residue t o  a snall glass beaker and a t t ack  with c 
few mls. of aqua regin.  F i l t e r  o f f  any insoluble  
and co:.lbinc i t s  weight a f t e r  i g n i t i o n  with t h s  weight 
of t h e  rnain niobiu.1 pcntoxicb rcsiduc. 
f i l t r a t e  t o  50 nl. 2nd reserve f o r  t h c  determination 
o f  i r o n  and uraniw.1. 

Dry and i g n i t e  any 

Dilute t h c  

4.. Deterninction'  of  Iron 

P ipe t t e  20 r.11. of t he  f i l t r a t e  fron 3 i n t o  a 
conical beaker ancl add 3 nl. of a 25% t h iog lyco l l i c  
acid solut ion.  Then ncu t r a l i s e  the so lu t ion  by the  
addi t ion of ar.llioiiiun hyc'roxic'c (Sp. gr. 0.88) m d  add 
th rcc  drops i n  excess. Dilutc  t o  50 i d .  with wa ta  and 
i.iix thorouchly. 
l'Lbsorptioncter using I l f o r d  604 f i l t c r s  anc! 2 cn. c e l l s .  
Deterrline t h e  i r o n  concentration by reference t o  a 
ca l ib ra t ion  graph prepclrccl by applyin2 t h i s  nethoc' t o  L? 

su i t ab le  stan2cn-d i r o n  so lu t ion  (c l )  . 
t o  obtain the  t o t a l  i r o n  concentration of t he  smplc .  

Mcasure t h e  absorbancy on the  Spckkcr 

Multiply by 2.5 

Notes 

( c )  This so lu t ion  
i s  clouc'.y a t  
t h i s  s tage  due 
t o  t he  hyd-roly- 
sis of t h e  
n i o b i m  . 

I (c') 1, so lu t io  I 
containing 
1 YL. of i ron  
per nl. i s  
suit ab1 c . 
Preprre by 
dissolving 
150 ~ i g .  of 
specpure i ron  
i n  3 snail 
voluric of aquz 
r eg ia  an2 
d i lu t iny  t o  
100 :i1. with 
water 
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3 .  Deternination of t h e  Uraniun Co-extracted with t h e  
Niobium 

Pipe t te  20 nl. of t he  f i l t ra te  from 3 i n t o  a 
conical  beaker. Add 0.5 id. of 20 vols ,  hydrogen 
pcroxide and a 10% sod.iun hyc1roxid.e so lu t ion  t o  ' 

neu t ra l i s e  t h e  ac id i ty .  Then add 5 nl, of 10% 
s o d i m  hydroxide i n  excess, f i l t e r  if necessary and 
d i l u t e  t o  50 nl. with water. Measure t h e  

mercury vapour I m p ,  H.556 f i l t e r s  aid a 4 cn. c e l l .  + 

Deternine t h e  u r a n i m  concentration by reference t o  
a ca l ib ra t ion  graph prepared by applying t h i s  method 
t o  a s u i t a b l e  standarc! u r a n i m  so lu t ion  ( e ) ,  Multiply 
this r e s u l t  by 2.5 and conbinc with t h e  r e s u l t  fron 
6 t o  give t h e  t o t a l  u ran iu i  content of t h e  smple , -  

absorbancy., of  t h e  so lu t ion  on the-Spclker  using a 
> I  * 

' 

i 

6. Deternination of Uraniuri x .  

Transfer t h e  aqueous so lu t ion  reserved fron 2 
t o  R 300 nl. Kjelclahl f lask and dhd 10 nl. of 
sulphuric  acid (50%). 
t o  t h e  fornat ion of sulphuric  acid f h c s  and then 
occasionnlly add n i t r i c  ac id  dropwi-se (Sp.@r. 1 ..@) 
t o  c'.econpose organic riatter.  
t h c  walls of t h e  Kjclt 'ahl f l a s k  with a minirim 
volune of  water and rcfunc. 

I 

Heat t h e  f l a s k  on a sanc'bath 

Cool s l i gh t ly ,  wash 

Transfer t h e  so lu t ion  t o  a 400 ml. squat beaker 
and d i l u t e  t o  about 100 de with water. Then add 
carbonate-free anrioiiiurl hydroxick t o  !-ica.ke the  solu- 
t i o n  s l i g h t l y  aruioniacal. ldd about six nacerated 
Whatnan acce lera tors  and. diges t  w a r n  f o r  about 
t h i r t y  rxifiutcs t o  enable coiiplete p rec ip i t a t ion  of  
t h e  nrmoniuri c'iuranate. 

. 

F i l t e r  through a ITo.40 Whatrmn f k l t e r  pnpcr, 
washing six t o  c ight  t i x s  with a hot  2% a i o n i u i  
nitrate solut ion.  Transfer t h c  p rec ip i t a t e  t o  a 
platinuri  c'ish, dry  and i g n i t e  a t  750% f o r  t h i r t y  
ilinutes. Lftcr cooling, add a f e w - d s .  of n i t r i c  
acic' (Sp.gr. 1 .@) t o  t he  plntinuri' ? i s h  and digcst ,  
wan1 t o  c'issolvc t h c  J308. Dilute  t h c  so lu t ion  
with a snall volune o f  water and exmine  f o r  t h e  
exis tence of inso luble  m t t e r ,  
through a sriall No. 40 FJhatnLw f i l t e r  paper, washing 
with 2% armoniui nitrate solu t ion .  Ign i t e  t h e  resicue,  
but repcat  t h c  t r ea tncn t  with n i t r i c  acid. t o  conpletely 
recover t h e  uraniurz fron t h e  residue. Combine t h i s  I 

f i l t r a t e  with t h e  na in  uraniun f i l t r a t e  and reserve ' 

t h e  residue f o r  t h e  detcrninat ion of niobiur.1. 

If present,  f i l t e r  

- 24 - 

- Notes li 

. .  
4, 

(e )  1, solut ion 3 ,  

containing ' .  

1 mg, p e r  
d. i s  suit- 
able,  Prepare 
by dissolving-  
0.5902 g. of 
specpure U 0 
i n ' a  small 

' quant i ty  of  
H- so .with t h e  

minimum of  
HNO . Dilute  

water. 

3 8  

a ? f 4  d i t i o n  of a 

c t o  400 m l .  with 

i .  

' . ,  
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Add carbonnte-free anmoniun hydroxi2.e t o  t he  
conbined f i l trates t o  precipitat’e t h e  aaionium diuranate.  
Then add t h e  f i l t e r  paper p d p  t o  c o l l e c t  t h e  p rec ip i t a t e  
and f i l t e r  through a Whatman No. 4.0 f i l t e r  paper i n  t h e  
usual way, a f te r  d iges t ing  f o r  about t h i r t y  ninut;cs. 
Ign i t e  t h e  p rec ip i t a t e  t o  U lJ8 a t  75OoC i n  a weighed 
platinum dish f o r  about t h i l t y  minutes and deteriiinc 
t h e  weight of U 0 
the  dish.  
s m p l e  by using t h e  f a c t o r  0.848. 

fror.1 the  increase i n  weight of 
Cali?L$attc t h e  weight of u r a n i m  i n  the  

7. Determination of trace m!iounts of uncxtracted 
Niobium 

Fuse the  snall residue f ron  6 with about 0.25 g. 
Extract  of potassiun bisulphate  i n  a p la t inun  dish. 

t h e  n e l t  with n few mls. of sulphuric  Acid (Sp.gr. 1.84) 
and d i l u t e  t o  25 nl. with this acid. Mix t h e  so lu t ion  
thoroughly and p i p e t t e  two separate 10 nl. portions i n t o  
s n a l l  beakers. To one port ion add 0.1 nl. of hydrogen 
peroxide (100 voluncs) t o  forn the  niobiun colour and 
iiix thoroughly. 
using an appropriate n i c ro  c c l l ,  I l f o r d  601 f i l ters  and 
t h e  nercury vapour 1mp.  Then t r a n s f e r  a port ion of 
t h e  other  10 ml. nliquot  t o  t h e  saxe c e l l  ,and neasure 
t h e  absorbancy of t h e  blnnk solution. 
d i f fe rence  reading t o  the  ca l ib ra t ion  graphs ( f )  t o  
obtain t h e  niobiun concentration. 
result by 2.5 t o  give t h e  t o t a l  niobiuri content of 
t h e  residue and conbine with t h e  niobiurl r e s u l t  obtained 
i n  3 .  

Measure t h e  absorbancy of t h i s  so lu t ion  

Relate t h e  

Multiply t h i s  

.s 

Notes - 

f )  See Table IV. 
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