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1 . INTRODUCTION 

Bricker1- > proposed a method f o r t h e a n a l y s i s of t h i s type of 
a l l o y without s tudying the behaviour of the method in r o u t i n e a p p l i c a ­
t i o n t o a l l o y samples. This procedure c o n s i s t e d of p r e c i p i t a t i n g 
t h e zirconium wi th cupferron, i g n i t i n g t h e p r e c i p i t a t e t o t h e oxide 
a f t e r f i l t r a t i o n , d i s s o l v i n g the zirconium oxide by fus ion wi th 
potassium b i s u l p h a t e and then p r e c i p i t a t i n g t h e zirconium w i t h p h e n y l -
a r son ic a c i d . The zirconium phenylarsona te p r e c i p i t a t e was f i n a l l y 
i g n i t e d t o zirconium oxide a f t e r f i l t r a t i o n and t h e zirconium content 
of t h e a l l j y c a l c u l a t e d from t h e r e s u l t i n g weight of zirconium o x i d e . 
There a r e ob j ec t i ons however t o t h e use of phenyla rson ic a c i d as a 
p r e c i p i t a n t f o r zirconium, s i n c e t h e f i n a l zirconium oxide r e s i d u e 
may be contaminated wi th a r s e n i c u n l e s s t h e i g n i t i o n i s cont inued f o r 
a long t ime a t a high t empera tu re . Also s e v e r a l elements inc lud ing 
uranium can be c o - p r e c i p i t a t e d wi th t h e zirconium pheny la r sona te i n a 
s i n g l e p r e c i p i t a t i o n . In recen t years however s eve ra l new p r e c i p i t a t ­
ing r eagen t s have been developed f o r zirconium and t h e replacement of 
t h e phenylarsonic a c i d by c e r t a i n members of t h i s group of r e a g e n t s 
should r e s u l t in a cons ide rab le improvement in B r i c k e r ' s method. Also 
Sande l l (2 ) r e c e n t l y suggested t h a t zirconium c u p f e r r a t e might be 
so lub le i n chloroform and in t h i s event t h e replacement of t h e cupferron 
p r e c i p i t a t i o n technique by a chloroform e x t r a c t i o n procedure should 
r e s u l t i n a c l e a n e r s e p a r a t i o n of t h e zirconium from t h e uranium. 

2 . EXPERIMENTAL 

(1 ) Determinat ion of Zirconium 

The p re l im ina ry experimental work was d i r e c t e d towards s tudying 
t h e r e c o v e r i e s of macro amounts of zirconium by the solvent e x t r a c t i o n 
procedure w i t h chloroform. S u i t a b l e zirconium s o l u t i o n s were p repared 
by d i s s o l v i n g amounts of zirconium oxide up t o a maximum of 0,135 r.ig. 
in 10 ml . of n i t r i c ac id ( sp , g r . 1,42) and 1-2 ml, of hydro f luor i c 
a c i d i n p la t inum b a s i n s . Then 10 ml , of 50c/o s u lphu r i c a c i d were 
added t o each bas in and t h e s o l u t i o n evaporated t o fumes of t h i s a.cid„ 
After coo l ing , t h e s o l u t i o n was d i l u t e d w i th about 50 ml , of wa te r and 
cooled t o o. tempera ture of 5°C. I t was then t r a n s f e r r e d t o a s u i t a b l e 
s epa ra t ing f u n n e l , washing in wi th water t o g ive a t o t a l volume of 
about 100 ml . The zirconium c u p f e r r a t e was next p r e c i p i t a t e d by t h e 
add i t ion cf 25 ml , of 6fo aqueous cupferron s o l u t i o n and the e x t r a c t i o n s 
c a r r i e d out w i th s u i t a b l e q u a n t i t i e s of chloroform. F u l l r e c o v e r i e s 
f o r t h e s e amounts of zirconiuia were obta ined in adopt ing t h e procedure 
of e x t r a c t i n g t h e i n i t i a l zirconium c u p f e r r a t e p r e c i p i t a t e wi th two 
sepa ra t e 25 ml . p o r t i o n s of chl>roform, fol lowed by t h e a d d i t i o n of 
a f u r t h e r 10 ml , of cupferron s o l u t i o n and two f u r t h e r e x t r a c t i o n s 
wi th 10 ml , p o r t i o n s of chloroform. 

On extending t h i s technique t o s o l u t i o n s con ta in ing zirconium and 
uranium, only very small amounts of uranium contaminated t h e f i n a l 
zirconium oxide r e s i d u e produced by eva.poro.ting the chloroform from 
t h e combined extra .cts and i g n i t i n g a t a tempera ture of about 750°C, 
This behaviour i s caused by t h e f a i l u r e of hexavalent uranium t o 
form a c u p f e r r a t e p r e c i p i t a t e under t h e s e c o n d i t i o n s . However, 
s e v e r a l elements fcr . . cupf e r r a t e p r e c i p i t a t e s e x t r a c t a b l e from a c i d 
s o l u t i o n s (Fc, V, Nb, e t c . ) and t h e s e elements would contaminate 
t h e f i n a l zirconium oxide r e s idue i f they occurred in t h e o r i g i n a l 
a l l o y samples. I t was t h e r e f o r e cons idered d e s i r a b l e t o inc lude 
a s t ep which sepa ra ted t h e zirconium oxide from t h e small amounts 
of uranium and from t h e group of elements forming c u p f e r r a t e 
p r e c i p i t a t e . 
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According to the recent l i t e r a t u r e on the determination of 
zirconium there are now several reagents capable of select ively 
separating zirconium frcm many other elements. These reagents 
include phthalic ac id(3) , fumaric ac id(4) , m-cresoxyacetic a.cid(5) 
and mandelic ac id(6) . Phthalic acid and fumaric acid are not 
very a t t r a c t i v e , since the former requires two hours for complete 
prec ip i ta t ion whereas the la. t ter produces a gelatinous type of 
p r e c i p i t a t e . M-cresoxyacetic acid does not suffer from the 
disadvantages of phthalic and fumaric ac ids , but unfortunately i t 
was not readi ly available when th i s investigation was s ta r ted . 
However, a. small quantity of t h i s reagent was prepared by the 
Organic Chemistry Group and a l imited number of t e s t s produced 
excellent r e s u l t s . Mandelic acid on the other hand i s readily 
available and produces a zirconium sa.lt of defini te composition 
which i s s table to heat over the range 60° - 188°C. Kumins(6) 
introduced th i s reagent for separating macro amounts of zirconium 
from Ti, Fe, V, Al, Cr, Th, Ce, Sri, Da, Ca, Cu, Bi, Sb and Cd. 
Subsequently Hahn(7) showed that mandelic acid could be used for 
separating 1-15 ng. of zirconium frcm Mg, Hg, M , U a.nd Zn in 
audition to the elements quoted by Kuuins. Both workers f i l t e r e d 
off the p rec ip i t a t e and igni ted i t to zirconium oxide. More 
recently Duval(8) indicated that the precipita.te given by zirconium 
with mandelic acid, Zr (CgHi.CH0H.C00V, could be dried a.t any 
temperature between 60° - 188°C without; undergoing decomposition. 
According to t h i s observation i t should be possible to rcpla.ee the 
technique of igni t ing the f ina l precipita.te to the oxide by the 
more satisfa.ctory procedure of f i l t e r i n g on to a s in tered gla.ss 
crucible and weighing af ter drying a.t a. temperature of about 100°C. 

Kumin's procedure br ie f ly consists of taking a sample of 
zirconyl chloride in 20 ml. of concentrated hydrochloric acid, 
e.dding 50 ml, of 1 &o mandelic acid solution and di lut ing to a. 
volume of 100 ml, with water. After digesting the solution a.t a 
temperature of 85°C for about 20 minutes, the p rec ip i t a t e i s 
fa l te red off, washed with a. hot solution of 2/o HC1 + 5/° mandelic 
acid and f ina l ly ignited to the oxide. Unfortunately the presence 
of sulphate ions in solution leads to s l igh t ly low zirconium resu l t s 
by th i s procedure. This beha.viour obviously rules out the applica­
t ion of the bisulpha.to fusion technique for redissolving the zirconium 
oxide residue resul t ing frcm the cupferron extract ion, fallowed by 
the extraction of the melt with hydrochloric acid and the p rec ip i t a ­
t ion of the zirconium f r m th i s solution with mandelic acid. The 
most convenient technique for overcoming th i s d i f f icu l ty v/as found 
to consist of precipita.t ing the zirconium with ammonium hydroxide 
frcm the hydrochloric a.cid solution of the bisulphate melt . This 
p rec ip i t a t e v/as f i l t e r e d vff a f te r a. sui table digestion in the cold, 
washed with a 2/J NB4NO3 solut ion, dissolved in concentrated hydro­
chloric acid and then the zirconium v/as prec ip i ta ted with mandelic 
acid as above anl f ina l ly ignited to the oxide. Excellent recoveries 
were obtained by th i s procedure for varying amounts of zirconium 
covering the range frcm 20 to 125 mg. 

In subsequent experiments attempts were made to improve the 
zirconium determination by f i l t e r i n g the zirconium nandelate p rec ip i ­
tant e on to a. s intered glass crucible and obtaining the weight of the 
p rec ip i t a te a f te r drying a.t about 100°C for a sui table period of 
t i n e . Dif f icul t ies were immediately encountered, however, due to 
the appreciable so lub i l i ty of zirconium mandelate in water and hence 
the need to include mandelic ac i "l in the aqueous wash solut ion. 
After the completion of the washing of the zirconiuia mandelate 
p rec ip i ta te i t was hoped that t h i s d i f f icul ty could be overcome 
by washing the p rec ip i ta te once or twice with some suita.ble organic 
solvent. " This assumes of course that organic solvents exist in 
which mandelic acid i s readi ly soluble whereas zirconiuia mandelate 
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i s completely insoluble . Experiments were carr ied out with most of 
the common organic solvents, i , e . alcohol, e ther , acetone, e t c . , but 
none of these solvents produced the desired r e s u l t s . In sp i te of 
Duval's suggestion, therefore, i t proved necessary to complete the 
zirconiuia determination by igni t ing the zirconium mandelate p rec ip i t a t e 
to zirconiua oxide. 

(2) Determination of t races of Uraniaa Co-extracted v/ith the Zirconiua 

As already indicated above, a small amount of uranium i s co-
extracted with the zirconiuia when the cupferron procedure i s applied 
to solutions containing uranium and zirconium. In the complete 
analysis of alloy samples therefore i t proved necessary to recover 
the uranium traces from the f i l t r a t e a f t e r removing the p r ec ip i t a t e 
of zirconiuia mandelate. From previous experience with other uranium 
al loy systems i t v/as considered that tannic acid might p rec ip i t a t e 
these small quant i t i t es of uranium af te r adjusting the pH of the 
f i l t ra . te to a. value of 8 and digesting for a sui table period of time. 
Experimental evidence was needed however to confirm t h i s supposition 
and in addition the digestion t ine needed to give complete p r e c i p i t a ­
t ion of the uranium tannate had to be deterrained experimentally. 
After f i l t r a t i o n of the uranium tannate p rec ip i t a t e i t was decided 
to igni te the p rec ip i ta te in a silica, crucible to a temperature of 
about 750°0 and then determine the uranium content of any residue 
by an absorpticmetric xorocedure. The uranium-th.iocya.nate colour 
v/as chosen for t h i s l a t t e r procedure since previous experience v/ith 
the uranium peroxide co l ' u r in sample analysis had not been very 
sa t i s fac tory . In seme instances, for example, rapid fading of the 
uranium colour v/as encountered ,due to the presence of t races of other 
elements in solution resu l t ing in the rapid decomposition of the 
hydrogen peroxide. Moreover t h i s decomposition produced bubbles in 
solution which often caused erroneous r e s u l t s to be obtained for the 
absorbancy measurements. 

The following factors a.re important in the application of the 
thiocyanate procedure to the absorpticmetric determination cf uranium:-

1. The pH of the f ina l solution (50 ml.) must be in the pH range 
0.2 to 1.0 

2. The thiocyanate ion concentration must be carefully controlled; 
a new codibration graph being; needed for each new thiocyanate 
reagent solut ion. 

3 . Sulphate ions must be absent from the f i na l solut ion. 

On assuming that any amount of uranium le s s than about A mg. might 
be recovered frcm these solut ions , a standa.rd uranium solution v/as 
prepared containing 0,297 g. of U-jOg per 500 ml. This weight of 
U3O8 v/as dissolved in 1 7 n l . of concentrated n i t r i c acid before 
di lut ing to 500 ml. with water, thereby producing a solution contain­
ing 0,5 mg. of uranium per ml. in 0.5N n i t r i c acid. For the preparation 
of the ca l ibra t ion graph different sui table a l iquots (x ml, ) of the 
standard uranium solution were t ransferred to 50 ml, graduation f l a sks , 
followed by the addition of 0,2 ml, of a stannous chloride solution 
(10 g, in 20 ml, of concentrated hydrochloric acid di luted to 100 ml, 
with water) and 10 ml. of 8 M. 01:1aoniuia thiocyanate to each f lask . 
The r equ i s i t e volume (y ml . ) of a 0.5N n i t r i c acid solution v/as next 
added to. each flask to bring the value of x + y in a l l cases to 15 ml. 
After d i lu t ion with v/ater to 50 ml. absorbancy measurements were taken 
on su i t ab le al iquots of solution; the remaining solution being used 
for confirming the pH value to be in the requ i s i t e range. For the 
a.bsorbancy measurements a. Spekker a.bsorpticmeter was used v/ith H 556 
f i l t e r s and 1 or 2 cm. c e l l s ; typical r e su l t s for the ca l ibra t ion 
being suoma.rised in the following t a b l e : -
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TABLE I 

J.BSORBANCY V^UES FOR THE UR^IUM COLOURS 

FORMED WITH THIOCYANATE 

Concentrat ion of U 
in mg. 

0 
0.5 
1.0 
1.5 
2.0 
3.0 

Absorbancy va lues 
1 cm, c e l l 

0 
0.117 
0,239 
0.367 
0.486 
0.727 

f o r d i f f e r en t c e l l s 
2 era. c e l l 

0 
0.243 
0.494 
0.751 

tap* 

1 

Z^i p l o t t i n g t h e r e s u l t s i n Table I g r a p h i c a l l y a l i n e a r r e l a t i o n ­
sh ip v/as found t o r ep re sen t t h e measuraaents v/ith both 1 and 2 cm. c e l l s . 
The technique f i n a l l y adopted f o r deterraining the uraniura content of t h e 
oxide r e s i d u e s f r a a t h e t anna t e p r e c i p i t a t e s c o n s i s t e d of the f o l l o w i n g : -
Treat t h e r e s i d u e in t h e s i l i c a c r u c i b l e v/ith about 2 ml . of aqua r e g i a 
and g radua l ly evaporate t h e s o l u t i o n almost t o d ryness . Treat wi th 
15 ml. of 0.5N n i t r i c a c i d and f i l t e r t h e r e s u l t i n g s o l u t i o n d i r e c t l y 
i n t o a 50 ml, graduated f l a s k , washing wi th w a t e r . Then add 0 .2 t o 
0 .3 n l . of f r e s h l y p repared s tannous ch lo r ide s o l u t i o n ( 10 /O) , 10 ml . 
of t h e S»I ammonium thiocyana/te s o l u t i o n and complete the de te rmina t ion 
as above. 

The l eng th of t h e d i g e s t i o n time needed to give the complete 
p r e c i p i t a t i o n of mi l l ig ram amounts of uranium v/as next i n v e s t i g a t e d . 
Several s y n t h e t i c s o l u t i o n s v/ere p repared corresponding in c crap os i t ion 
and volume v/ith t h e f i l t r a t e s frcm the zirconium mand.elate p r e c i p i t a ­
t i o n s and amounts of uraniura cover ing t h e range up t o 4 n g , v/ere added 
to t h e s e s o l u t i o n s . Af ter the a d d i t i o n of 20 ml. of a f r e s h l y p repa red 
5% t ann in s o l u t i o n , each s o l u t i o n was heated to b o i l i n g and a (1 :1) 
ammonium hydroxide s o l u t i o n v/as then added dropwise t o increa.se the pH 
of each s o l u t i o n t o a va lue cf 8 as i n d i c a t e d by B.D.H. wide range 
i n d i c a t o r p a p e r s , fol lowed by a small amount of f i l t e r i^aper pulp t o 
c o l l e c t t he small p r e c i p i t a t e . After s tand ing a t room temperature 
f o r vary ing pe r iods of t ime each s o l u t i o n v/as f i l t e r e d through a 
Whatuan f i l t e r paper and a f t e r i g n i t i o n t h e uranium content of the 
f i n a l oxide r e s i d u e was determined by t h e th iocyana te p rocedure . 
Recovery r e s u l t s f o r d i f f e r e n t time i n t e r v a l s a re inc luded in the 
fo l lovdng t a b l e : -

TABLE I I 

RESULTS FOR THE RECOVERY OF SMALL AMOUNTS OF URANIUM 

AGAINST TIME OF PRECIPITATION 

Time i n t e r v a l in hours 

1.0 h r . 
2,0 h r . 
3.0 

18 

Weight of uranium 
recovered from 2,0 mg. 

1.10 mg, 
1.85 
1.85 
1.95 

i 

Weight of uranium 
recovered from 4 .0 mg. 

3.5 rag, 
3.88 
4 . 05 
4.10 

~lr 
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Frcm the r e su l t s in Table I I i t i s obviously necessary to stand 
the solutions overnight to obtain the complete p rec ip i ta t ion of the 
uranium tannate . But if an overnight standing i s inconvenient in 
sample analysis , a period of from 3 to 4 hours should give f a i r l y 
sa t is factory r e s u l t s . 

(3) Peterminatxon of Major Uranium 

The determination of the concentration of uranium in the solution 
a f te r the cupferron extraction was not expected to give much d i f f icu l ty 
a f te r the removal of chloroform by evaporation. This solution i s then 
essent ia l ly a uranyl sulphate solution conto-ining a small amount of 
cupferron. However, since the presence of t h i s organic matter could 
lead to the incomplete prec ip i ta t ion of the uranium as arxionium diurante , 
i t was considered safer to apply the tannic acid technique developed for 
the det emanation of uraniura in tungsten-uraniura alloysC9). (C/R.1045,) 
Ful l de ta i l s of the f ina l procedure are given in the Appendix. 

(4) Determination of t race amounts of unextracted Zirconium 

In the event of the extraction of zirconium by the cupferron 
procedure being incomplete, the residue resul t ing from the igni t ion 
of the uraniura tannate p rec ip i ta te in (3) wi l l also contain small 
amounts of zirconiua. On t r ea t ing these residues v/ith n i t r i c acid, 
however, the uranium i s readily dissolved whereas the zirconium 
oxide i s completely insoluble and can be removed by f i l t r a t i o n . I t 
proved necessary therefore to develop a procedure sui table for 
deterraining these small amounts of zirconium oxide. The absorpt io­
m e t r y method appeared to be most sui table for t h i s determination 
since a l i za r in forms a strongly coloured lake with zirconium which 
i s s table in acid solut ion. The lakes formed by a l i za r in with other 
cations are unstable in acid solutions (with the exception of hafnium), 
thereby making t h i s reagent almost specific for the determination of 
small an cunts of zirconium. The most recent publication on the use 
of a l i za r in for the determination of zirconiua i s by Mayer and 
Bradshaw(lO), dealing with the direct determination of zirconiuia in 
magnesium base a l loys . These v/orkers recommend that the zirconiua 
a l i za r in red ladce i s best prepared in a 1.5N acid (hydrochloric acid) 
solution by heating for 2 minutes above 85°C, Detai ls of t he i r 
optimum conditions for colour development are as fol lows:-

Add 10 ml, of the zirconyl chloride solution to a 100 ml. 
graduated f lask , followed by 3 ml, of 11.3N hydrochloric acid and 
10 ml. of 0.15^O aqueous a l i za r in S solut ion. Develop the colour 
by heating in a boi l ing v/ater bath for 2^ minutes. Then cool, 
d i lu te to 100 ml. with v/ater and measure the absorbancy on the 
Spekker absorptioneter using I l fo rd No. 605 f i l t e r s . 

This technique proved readi ly applicable to the magnesium-
zirconium type of alloys due to the ready so lub i l i ty of these al loys 
in hydrochloric acid. Hov/ever, i t s applicat ion to the analysis of 
small res idues of zirconiua oxide presented d i f f i cu l t i e s because the 
most convenient methods of getting small amounts of zirconium oxide 
into solut ion involve the introduction of sulphate ions into solution 
ei ther frcm a potassium bisulphate fusion or from a sulphuric ac id-
hydrofluoric acid treatment. Unfortunately sulphate ions seriously 
i n t e r f e r e in th i s determination by complexing the zirconiua ions^and 
thereby bleaching the z i rconiua-al izar in lake . After the solution 
of the zirconiuia oxide by e i ther of the above procedures therefore 
i t proved essent ia l to remove the zirconiua ions frcm the sulphate 
ions. I t was considered that t h i s separation might best be 
accomplished by prec ip i t a t ing the zirconium with ammonium hydroxide 
using aluminium hydroxide as a ca r r i e r for the zirconium hydroxide 

-5-



p r e c i p i t a t e . Ahxiiniua v/as chosen as the c a r r i e r because of i t s 
reputed n e g l i g i b l e i n t e r f e r e n c e in t h e abso rp t i cme t r i c method f o r 
z i r con iua ; 20 mg, amounts of t h i s element being chosen in t h e f i r s t 
i n s t ance s^ as t o produce a convenient amount of p r e c i p i t a . t e . In 
the development of such a scheme, however, two p o i n t s needed c l a r i f i c a ­
t i o n : -

(1 ) the in f luence of 20 rag. of a l u a i n i u a on t h e i n t e n s i t y of 
the z i r con iua - a l i z a . r i n co lour ; 

and 

(2) the e f f i c i ency of t h i s amount of a l u a i n i u a i n c o p r e c i p i t a t i o n 
of small amounts of z i r c o n i u a . 

To t e s t t h e f i r s t p o i n t , i n c r e a s i n g amounts ( 0 , 2 , 4> 6, 8 m l . ) 
of a s t andard 0,10 mg, p e r m l . z i rconiua s o l u t i o n v/ere added t o 125 n l , 
con ica l beakers wi th gradua t ion marks a.t t h e 10 ml . l e v e l . Then 20 ml . 
a l i q u o t s of on a lua in iua c h l o r i d e s o l u t i o n (1 mg. pe r ml . ) v/ere added 
t ) each beaker and the r e s u l t i n g s o l u t i o n s evaporated t o voluaes of 
about 5 a l . Aamoniua hydroxide (1 :1) v/as next a.dded t o each sc l u t i o n 
to the change po in t of bromjcresol p u r p l e , fol lowed by water t o t h e 
10 ml , graduat ion mark. ' Af ter the a d d i t i o n of 3 ml . of concen t ra ted 
hydrochlor ic a.cid, t h e beakers were immersed in a v/ater b a t h and t h e 
z i rcon iu . i -a l i za . r in colour developed as a.bove. The absorbancies of 
these s o l u t i o n s were compared v/ith the va lues produced by t h e same 
amounts of z i rconiua in t h e absence of a l u a i n i u a . The r e s u l t s 
r e p o r t e d i n Table I I I ind.ica.te tha.t t he a l u a i n i u a ha.s n e g l i g i b l e 
i n t e r f e r e n c e i n the z i rc i n i u u - a l i z a r i n co lou r . 

TABLE I I I 

ABSORBANCY RESULTS FOR THE ZffiCONIUM-ALIZARIN COLOUR 

IN THE ABSENCE AND PRESENCE OF ALmilNIUM 

F t . of zirconium ta.ken 

0 
0,203 
0.407 
0.509 

No aluminium p re sen t 
Absorbancy 

0 
0,20 
0.45 
0.5625 

20 rag. of aluminium 
Absorbancy 

0 
0.205 
0.4475 
0.5725 

Experiments were next c a r r i e d out t o c v e r t h e second p o i n t . To 
s u i t a b l e measured a.liau i t s cf t he s t andard z i rcony l c h l o r i d e s o l u t i o n , 
20 mg, amounts of a lua in iua v/ere add.ee! one! a f t e r the d i l u t i o n of each 
s o l u t i o n t o abor t 100 ml , v/ith v/ater , aramoniua hydroxide was added t o 
t h e change po in t of bromo-cresol pu rp l e i n d i c a t o r . AL1 s o l u t i o n s 
were then al lowed t o d iges t f o r 1 hour i n t h e cold t o a s s i s t t h e 
p r e c i p i t a t i o n ; cold, d i g e s t i o n being usee! t o ensure the r e - s o l u t i o n 
of the zirconium hydroxide in hydrochl r i c a c i d a f t e r f i l t r a . t i o n . 
The hydroxide p r e c i p i t a t e s v/ere next f i l t e r e c ! on t o s u i t a b l e Whatman 
p a p e r s , redasswlved in hydrochl ' r i c ac id and t h e r e s u l t a n t s o l u t i o n s , 
evaporated to v lumes l e s s t han 10 ml . The z i rcon iua a l i za . r in co lours 
were then formed as above and t h e absorbancy measurements used, t o 
determine t h e amounts <f z i r c xniixi recovered by t h i s p rocedure . Frcm 
the r e s u l t s in Table IV i t i s c l e a r t h a t t h e bulk of the z i r con iua 
i s recovered, by t h i s t e c h n i q u e . 
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TABLE IV 

RESULTS FOR THE RECOVERY OF ZIRCONIUM FROM SOLUTION 

USING ALUMINIUM AS CJJIRIER 

Wt. of zirconium ta,ken 

0 
0.10 mg 
0.203 
0.407 
0.509 
0.61 

Absorbancy clue t o 
recovered, z i rcon iua 

0 
0.0725 
0.1875 
0.4475 
0.5425 
O.665 

Wt. of z i r con iua 
recovered 

0 
0 .07 
0 .17 
0.407 
0.48 
0.585 

Experiments were next designed to correspond as c l o s e l y as p o s s i b l e 
t o t h e cond i t i ons a r i s i n g in t h e a n a l y s i s of uraniura-z i rconiua a l l o y s . 
Under t he se c i rcumstances the z i rcon iua i s in t h e form of i t s oxide 
a f t e r s epa ra t ion f r aa the major uranium. The above experiments were 
t h e r e f o r e r epea t ed but t h i s t i n e t h e a l i q u o t s of the z i rconyl c h l o r i d e 
s o l u t i o n v/ere p l aced in plat inum d i shes and evaporated, t o dryness t o 
convert t h e z i r con iua t o t h e ox ide . On r e d i s s o l v i n g t h e s e oxide 
r e s i d u e s by fus ing v/ith -pota.ssiua b i s u l p h a t e , low z i rcon iua r e c o v e r i e s 
of ten resu l ted , and. i n some ca.ses i t v/as p o s s i b l e t o see the z i rcon iun 
oxide out of s o l u t i o n . However, on d i s so lv ing t h e z i rcon iua oxide in 
a. small amount of hydrof luor ic a c i d , then adding su lphur i c a.cid and 
evapora t ing t o fumes of t h i s ac id to remove the excess hydro f luor i c 
a c i d , s i m i l a r z i rcon iua recovery r e s u l t s t o t hose i n Table IV were 
ob ta ined . This l a . t t e r technique v/as t h e r e f o r e incorporated, i n t h e 
f i n a l p rocedure , 

(5) The Analysis of Alloy Samples 

(a) Synthe t ic Alloys 

Synthe t ic oxide mix tu res t o correspond t o a l l o y s con t a in ing from 
approximately 1/o t o 25$ of zirconium v/ere prepared frcm specpure samples 
of UTOQ and z i rconiun oxide us ing sample weights of 0 .5 g . f o r t h e high 
zirconium p e r c e n t a g e s , 1.0 g , f o r pe rcen tages frcm 5 "to 10$ and 2,0 g, 
fo r the low pe rcen t ages . These a l l o y s were then analysed according t o 
t h e f u l l procedure o u t l i n e d in t h e Appendix wi th t h e r e s u l t s shown i n 
Table V. 

TABLE V 

RESULTS FOR THE ANALYSIS OF OXIDE MIXTURES CORRESPONDING 

-TO SYNTHETIC ZIRCONIUM-URANIUM ALLOYS 

No. 

1 
2 
3 
k 

Percentage Composition of Alloys 
Zirconium Uranium 

24.87 
10.10 
5.00 
1.07 

75.13 
89.89 
95.00 
98.93 

Percenta.ge Composition by Analys is 
Zirconium Uraniura Tota l 

24.84 
10.11 

5.01 
1.10 

74.82 
89.82 
94.75 
98.59 

99.66 
99.93 
99.76 
99.69 
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(b) Alloy Samples 

The spectrogra.phic a n a l y s i s of s eve ra l t y p i c a l a l l o y s samples showed 
t h a t copper v/as a contaminat ing element, being appa ren t ly p icked up frcm 
a copper hea r th in the smel t ing p r o c e s s . Since the copper pe rcen tage 
v a r i e d f r aa t r a c e amounts up t o about 0 .5$ in excep t iona l cases i t proved 
d e s i r a b l e to i n v e s t i g a t e t h e behaviour of t h i s element in t h e f i n a l 
procedure in some d e t a i l . Copper forms an i n s o l u b l e c u p f e r r a t e from 
weakly ac id s o l u t i o n s which i s e x t r a c t a b l e i n t o chloroform. However, 
under t h e s t r o n g l y ac id cond i t i ons used f o r the s epa ra t ion of the 
z i rconiua cupf e r r a t e , the copper i s only p a r t i a l l y e x t r a c t e d v/ith t h e 
z i r c o n i u a . Experiments v/ith s y n t h e t i c a l l o y s showed t h a t approximately 
50$ of t h e copper contaminated the z i r con iua ; t h e remaining 50$ s t ay ing 
in the aqueous phase wi th the major uraniura. In the z i rcon iua de te rmina­
t i o n , an ammonia p r e c i p i t a t i o n i s included t o remove sulpha.te ions and 
t o get t he z i rcon iua in a hydrochlor ic a.cid s o l u t i o n s u i t a b l e fo r t h e 
p r e c i p i t a t i o n wi th mandelic a c i d . In t h i s s t ep most of t h e copper 
remains in the f i l t r a t e , but i t i s imposs ib le t o completely wash t h e 
l a s t t r a c e s of copper f r aa the z i rconiua hydroxide p r e c i p i t a . t e . However, 
t h e mandelic a.cid p r e c i p i t a . t i o n completely removed t h e z i r con iua from 
t h e s e t r a c e araounts of copxoer. A s i m i l a r sta. te of a f f a i r s e x i s t e d in 
t h e uraniura deterraina.t ion. The co-pper i s xoreclpita.ted as t a n n a t e wi th 
t h e uranium, but the ai.uaonia p r e c i p i t a t i o n stexo p r i o r to t h e i g n i t i o n 
of the uranium t o U3O3 served f o r sepa.ra.ting the uranium from the copper. 
In the excep t iona l sanyoles conta.ining la.rge amounts of copper, a double 
p r ec ip i t a . t i on of t h e u ran iua wi th ammonia, should be incorpora.ted fo r 
s a f e t y . 

The only it her contaminat ing element proved t o be s i l i c o n . However, 
t h i s element xoresented no i n t e r f e r e n c e in t h e complete scheme f o r t h e 
a n a l y s i s of t h e s e a l l o y s s ince i t i s removed by v o l a t i l i s a t i o n i n the 
i n i t i a l atta.ck v/ith the n i t r i c - h y d r o f l u o r i c a.cid m i x t u r e . The s p e c t r o -
graxohic method xoroved t o be the most s a t i s f a c t o r y xorocedure fo r deterraining 
t h e s i l i c o n content of a l l o y sanxoles. In a d d i t i o n t h i s technique v/as 
used f o r de tena in ing the very small xocrcenta.ges of t h e remaining contamina­
t i n g e lements . 

The r e s u l t s obta.ined by applying t h e f i n a l xorocedure t . t he a n a l y s i s 
of t y p i c a l a l l o y s a r c shown in Ta.ble VI, The s u i t a b i l i t y of t h i s 
Xorocedure i s confirmed by the s a t i s f a c t o r y r e s u l t s xoroduced fo r t h e 
t o t a l xocrcentage caa-p'-sition i n a l l ca.ses. 

TABLE VI 

RESULTS FOR THE CaviPLETE ANALYSIS OF 

ZIRCONIUM-URioNIUM ALLOYS 

No. 

1 
2 
3 
k 
5 

Percenta 
Zr 

2.2C 
2.85 
4 .65 
4.80 
6.40 

gc Coi-yposition 
U 

97.5 
96.3 
95.1 
94.5 
93.4 

by Analysis 
Impur i t i e s 

0 .2 
0 .67 
0.30 
0.21 
0.2 

Tota l 

99.95 
99.82 

100.05 
99.51 

100.0 

- 8 -

http://ai.ua


REFERENCES 

C. E. Br icke r , Rexoort CC.398, October , 1942. 

E. B. S a n d e l l , Color i iae t r ic Deterrainat ion of Traces of M e t a l s , 
I n t e r s c i e n c e P u b l i s h e r s , I n c . , New York, 2nd Edn. (1950) p . 638. 

Bh. S. V. R. Rao et D2.9 Ana lys t , 75 , 684 (1950) . 

Bh. S. V. R. Rao et a l . i b i d . 76 , 107, (1951). 

Bh, S. V. R. Rao et a l . Anal. Chen. 2 3 , 539, (1951) . 

C, Kurains, i b i d , 19 , 376, (1947). 

P , Hahn, i b i d , 2 1 , 1579-80 (1949). 

C, Duval, Anolyt ica Chinica Acta , 5 , 160-9 (1951 ) . 

G. W. C. Mi lne r , et a l . A.E.R.E. C/R.1045. 

A. Mayer, et a l . Ana lys t , 77 , 476 (1952). 

. . 9 -



APPENDIX 

RECqglENDED PROCEDURE FOR THE ANALYSIS 

OF Z][RCONimi-URANIUM ALLOYS 

A. OUTLINE OF METHOD 

After d i s so lv ing t h e a l l o y i n a n i t r i c a c i d - h y d r o f l u o r i c a c i d m i x t u r e , 
a quan t i t y of su lphur ic ac id i s added and t h e s o l u t i o n i s evaporated t o 
fumes of t h i s a c i d . The so lu t i on i s then s u i t a b l y d i l u t e d v/ith w a t e r , 
cupferron i s added t o p r e c i p i t a t e t h e z i rcon iua and the prec ixoi ta te i s 
s epa ra t ed by e x t r a c t i n g with chloroform. After the removal of the c h l o r o ­
form from t h e combined e x t r a c t s , t h e z i r con iua i s i g n i t e d to t h e ox ide . 
The zirconium i s next separa ted from small amounts of uraniura and. o the r 
elements c o - e x t r a c t e d wi th i t by p r e c i p i t a t i o n v/ith mandelic a c i d . The 
s u a l l amount of uraniura i s recovered f r aa t h e f i l t r a t e v/ith t ann in and 
f i n a l l y deterrained a.bsorxoti cm e t r i c a l l y us ing the uran ium-th iocyana te co lour 
cCT-rplex. The major uraniura i s a l s o precixoi ta ted wi th t a n n i n and a f t e r 
f i l t r a . t i o n t h e uraniura t anna t e i s i g n i t e d t o t h e ox ide . The r e s u l t i n g 
oxide i s d i s so lved in n i t r i c a c i d , and t h e uraniura conten t of t h i s s o l u t i o n 
i s deterrained by xorecixoitating as amnoniua d iu rana t e fol lowed by i g n i t i o n 
to U3O8. Any i n s o l u b l e r e s idue i s examined f o r the p resence of zirconium 
by an abso rp t i cme t r i c method us ing the coloured, z i r c o n i u m - a l i z a r i n l a k e . 

B. .APPLICABILITY 

The procedure i s s u i t a b l e f o r the de te rmina t ion of zirconium con t en t s 
up t o 2 5 $ w i t h an e r r o r l e s s than + 1$ of t h e z i r con iua p r e s e n t . 

C. REAGENTS REQUIRED 

(a) Mandelic a c i d , manufactured by Thomas Marson and Son L t d . , 
London. 

(b) .Aliza.rin Red S, B.D.H. r e a g e n t . 

(c) i l l o the r r eagen t s of a n a l a r q u a l i t y . 

D. PROCEDURE 

Take a. 2 gm. sample weight for Z r . $ ages < 5$. 

Take a 1 gm. sample weight f o r Z r . $ ages f r aa 5$ - 10^ . 

Take a 0 ,5 gm. samxole weight f - r Z r . $ ages > 10$ . 

Transfer t o a 100 ml . plat inum d i s h and d iges t w i th r epea ted q u a n t i t i e s 
of 25 ml , of HNOT, (SG.1.42) t o g e t h e r wi th 2-3 ml . HF u n t i l complete s o l u t i o n 
of t h e a l l o y i s ob ta ined , then add 10 m l . of HgSO^ (1 :1 ) and evaporate t o 
fumes of t h i s a c i d - fume s t rong ly f o r a shor t p e r i o d t o completely remove 
the hydrof luor ic a c i d . Cool, d i s s o l v e i n about 50 m l . of v/ater and t r a n s f e r 
t o a 250 ml . squat type beaker . Adjust t he volume t o about 100 m l . w i t h 
water and cool t o a tempera ture l e s s than 5°C in an i c e b a t h . At t h e same 
time cool a f r e s h l y p repared 6/ aqueous s o l u t i o n of cupferron t o t h e same 
t empera tu re . Transfer t h e a l l o y s o l u t i o n t o a 300 m l . s e p a r a t i n g runne l 
and add 25 ml . of the cupferron reagent wi th g e n t l e a g i t a t i o n . Then 
shake v igorous ly f o r a few minutes t o cause the coagu la t ion of t h e cupferron 
p r e c i p i t a t e . 



Extract the p rec ip i t a t e by shaking with two 
separate 25 ml. portions of chloroform. Separate 
the organic layer a f te r ea.ch extraction and v/ash 
through with about 5 ml, of pure chlorof om. 
Combine the extracts and washings together in 
e i ther a I30 ml, fused s i l i c a beaker or a platinum 
dish. Add about another 25 ml. of the cupferron 
reagent and extract v/ith two separate 10 ml, 
portions of chloroform, combining these extracts 
and washings in the same s i l i c a or platinum 
vessel . Reserve the aqueous solution for the 
deterraination of uraniua. 

Deterraination of Zirconiura 

Evaporate the combined solvent extracts to 
dryness in the s i l i c a beaker or platinum dish 
using a moderate hot p la te and f ina l ly a bunsen 
florae. Then igni te the residue careful ly, and 
f ina l ly at 750°C for 30 mins. in a muffle 
furnace( a ) . Cocl, fuse the residue with about 
2 gm, KHSOi to give a. clear melt . Then take 
up the fused mass in 100 ml, (1 :9) HC1 and 
t ransfer the s xLution to a 400 ml, squat beaker. 
Dilute the solution to a. volume of about 200 ml, 
v/ith v/ater, Precipita.te the zirconiua and 
uraniua as hydroxides by the addition of FRESH 
ammonium hydroxide (1:1) , Allow the p rec ip i ­
t a t e to stand in the cold for 30 minutes, then 
f i l t e r through a No, 40 Whatman f i l t e r paper 
washing v/ith 2$ NH4CI solution and f ina l ly v/ith 
water to remove a l l sulphate ions v/hich in ter fere 
with the mandelic acid p rec ip i t a t ion of zirconium. 
Transfer the f i l t e r paper and p rec ip i t a t e back 
to the 400 ml, squa.t beaker and add 40 ml, of hot 
(1:1) HC1 solut ion. Carefully macerate the paper 
v/ith a glass rod and v/ash the sides of the beaker 
v/ith 10 ml, of d i s t i l l e d v/ater. Then add 50 ml. 
of 1 6/ mandelic acid solution and af ter mixing, 
maintain at a temperature of about 85°C for 60 
minutes. Then f i l t e r off the resu l t ing p rec ip i ­
t a t e on a Whatman No, 40 paper, washing v/ith a 
hot solution containing (1 :49Ar HC1 + 5>, mandelic 
acid and igni te to the oxide of zirconiura at 
960°C for 30 minutes. 

(a) Make sure that 
there i s no carbona­
ceous matter l e f t 
behind. 

Deterraination of Uraniua Co-extra.ct ed with the Zirconium 

Take the f i l t r a t e from the mandelic acid 
p rec ip i t a t ion , a.dd 3.5 ga. of arxionium aceta.te 
and heat the solution to boi l ing . Then add 
2.5 gm. of tannic acid dissolved in a mininua 
of v/ater and adjust the pH of the solution to 
pH 8 by the addition of ammoniua hydroxide (1:1) 
using v/ide range pH papers. Add Whatman 
accelerators and allow to stand for at leas t 
4 hoursCb) in the cold. F i l t e r through a 
Y/hatman No. 541 paper, wash with 2$ arxionium 
n i t r a t e solution and igni te at 800°C in a 
s i l i c a crucible for a.bout 30 minutes. Dissolve 
the residue (U3O3) in about 2 ml, of aqua regia 
and evapora.te the solution almost to dryness. 

(b) When possible 
allow to stand 
overnight. 
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Add 15 ml. of approximately 0.5N HMO3, and f i l t e r 
the solution through a Whatman No. 54I into a 
50 ml. beaker washing v/ith v/ater. Combine the 
washings v/ith the f i l t r a t e . Then add 0.2 to 
0.3 ml. of freshly prepared SnCl2 solut ion(c) 
and 10 ml, of 8 M NHLCNS solut ion. Dilute the 
solution to a volume of 50 ml, in a volumetric 
f lask v/ith d i s t i l l e d v/ater. Measure the 
absorbance v/ith the Spekker absorptioneter 
using a 2,1 or 0.5 en. c e l l , H.556 f i l t e r s and 
a Hg vapour lamp. Determine the amount of 
uranium present by reference to a ca l ibra t ion 
graph prepared as described below. 

(c) 10 g. SnCl2 
dissolved in 20 ml. cone, 
HC1 di luted to 100 ml. 
v/ith v/ater. 

Calibration Graph 

Take a suitable a l iquot , x ral. of standard 
uraniura solut ionis) in a 50 ml. standard f l a sk , 
together with 0.2 ml. stannous chloride solution 
and 10 ml. 6M arxionium thiocyanate so lu t i on ( c ) . 
Then to each flask add y ml. of 0.5N HNO3 such 
that (x + y) ml. = 15 ral. Dilute the solution 
to 50 ml, v/ith r e d i s t i l l e d v/ater. Measure the 
a.bsorbonce on the Spekker Absorpticneter using 
a, 2,1 or 0,5 cm, c e l l , H.556 f i l t e r s and Hg vapour 
lamp. Plot the r e su l t s gra.phica.lly. 

Deterrainati.-n of Major Uraniua 

After evaporating chloroform from the 
aqueous phase, d i lu te t h i s solution to a 
def ini te volume in a volumetric f lask . (Crait 
t h i s step if the t o t a l uranium content i s 
less than 200 mg. ) Ta.ke a. sui table aliquot 
of t h i s solution containing between 200 and 
400 mg. of uraniua and d i lu te to 150 ml. v/ith 
v/ater in a 400 ml. squa.t beaker. Dissolve 
3.5 gn. of ammoniu.i acetate in t h i s solut ion, 
then add 50-60 ml. of 5/- tannic acid solution 
with s t i r r i n g . Bring the solution to pH 8 
by the dropwise addition of (1:1) NH4OH with 
constant s t i r r i n g . idd one macerated Whatman 
accelerator and digest cold for one hour. 
F i l t e r through a Whatman No, 40 or 541 paper 
using s l ight suction if necessary. Wash well 
v/ith hot 2$ NH/fN03 solution and f ina l ly ign i te 
at about 800°C in a. platinum dish. Dissolve 
the res idual oxide in a quantity of 1:1 HNO3, 
di lute and f i l t e r off any insoluble res idue. 
Ignite the paper and res idue, t r e a t v/ith a 
small quantity of HNO3, r e f i l t e r and combine 
th i s f i l t ra . te # with the main uraniura f i l t r a t e . 
Reserve the residue (R) for the deterraination 
of t races of zirconium. Make the main uraniura 
f i l t r a t e s l igh t ly axioniacal v/ith fresh ( i . e . 
carbonate-free) ammonium hydroxide, s t i r r i n g 
during the addit ion. Digest warn f or about 
30 minutes a f te r a.dding 6 macerated Whatman 
acce lera tors . F i l t e r through a Whatman No. 40 
f i l t e r paper and wash 6-8 times v/ith hot 2,. 
NH4NO3 solut ion. Ignite the lorocipitate to 
U3O8 at about 800°C in a tared platinum dish 
for about 30 minutes. Determine the weight of 
U3O8 end calculate the weight of uraniua in the 
sample by applying the factor 0.848, Combine 
t h i s weight of uraniua with the small amount 
co-extracted v/ith the zirconiua. 
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(d) Dissolve 0.297 gn, 
U308 in 17 n l . cone, 
HNO3 and d i lu te to 
500 ml, v/ith v/ater. 
1 ml. s 0.5 ng. U in 
0.5N HNO3. 

(e) Dissolve 608 gm. of 
ammonium thiocyanate 
in r e d i s t i l l e d v/ater 
and d i lu te to 1000 ml. 
v/ith water. 
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Deterraination of Zirconiua raaaining v/ith the Uraniua 

Transfer the residue (R) fraa above to a snai l 
platinum basin, add 3-5 ml, hydrofluoric acid to 
dissolve the . zirconiura, then add 5 n l . (1 :1 ) H ŜOr 
and evaporate to fumes of ^SOr . Fume strongly for 
about 10 minutes. Cool, v/ash v/ith a naxinua of 5 n l . 
of water. Refuae and fune strongly for another 10 
minutes. (Strong fuming i s required to remove the 
fluoride ions . ) Cool, t ransfer the solution to a 
150 ml. squat beaker, or a sui table aliquot contain­
ing < 0.8 mg. Zirconium, washing v/ith v/ater. Add 
20 ml. of an aluainiua so lu t ionis ) and then add 1:1 
anraonium hydroxide to the change point of braaocresol 
purple. Digest the solution cold for 1 hour. F i l t e r 
off on a Whatman No. 54 f i l t e r paper wa.shing v/ith 
27. NH4NO3 (3 or 4 washings required) and then je t 
the hydroxide p rec ip i t a te from the paper into a 
125 ral. conical bea.ker with a. 10 ml. graduation 
nark .on i t . Acid 20 ml. 1 ;1 HCl to the or ig inal 
p rec ip i ta t ion beaker, warm and. then pour over the 
f i l t e r paper and collect in the conical bea.ker. 
Wash the beaker and xoaper v/ith v/a.ter. Boil the 
f ina l solution in the conical beaker down to a 
volume of about 5 n l . 

(f) Dissolve 1 gra. of 
99$ Al powder in 60 ml, 
of 1:1 HCl and d i lu te 
to 1 l i t r e v/ith v/ater. 

Cool the solut ion, add 1;1 NĤ OH dropwise 
fo just produce the xouryple colour of braaocresol 
purple indicator , Dilute the solution to the 
10 ml. graduation mark by the addition of d i s t i l ­
led v/a.ter, then add 3 ml. of cone. HCl, allowing 
i t to run over the beaker walls to dissolve any 
Xorecipitate. Immerse the beaker in a boil ing 
v/ater bath for a.bout 3-4 mins. to ensure the 
ccmxolete solution of the zirconiua hydroxide. 
Then add 10 ml. of Alizarin Red s (s ) and immerse 
the beaker aga.in in the boil ing v/ater bath for 
not l e ss than 2^ minutes and not more than 3"2 
minutes. Cool and di lu te the solutions to 
100 ml, v/ith v/ater. Measure the absorbance 
in a 2 en. ce l l using the nercury vapour lamp 
and I l ford No. 605 f i l t e r s . Carry out a blank 
deterraination on the reagents . Obtain the 
zirconiura concentration by referr ing the 
difference reading to a ca l ibra t ion graph, 
multiplying by a factor (depending en the 
aliquot taken for the uranium determination) 
to give the t o t a l content of the zirconium 
with the major uranium. 

(g) Dissolve 1.5 gm. 
of Alizarin Red S in 
300 ral. of hot water, 
f i l t e r through a pulp 
pad and d i lu te to 
1 l i t r e v/ith v/ater. 

Calibration Graph 

Standard Zirconiua Solution - Dissolve 8.85 gns. 
of zirconyl chloride octahydrate in 250 n l , of 
v/ater and 50 ml, cone. HCl. F i l t e r if necessary 
and d i lu te to 500 n l . Standardise t h i s solution 
by taking an a l iquot , ]?recipitating the zirconiuia 
hydroxide v/ith NHLOH, ign i te and weigh as Zr02. 
1 ral. of t h i s solution should contain a.bout 5 ng. 
of zirconiua. Dilute t h i s solution so that 1 n l . 
= 0,1 lag, of zirconiua. 
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Calibration Procedure 

Take 0, 2, 4 , 6, 8 ml, of the standard zirconiua solution (0,1 mg/ml.) 
in 125 ml, conical beakers with graduation marks at the 10 ml, l eve l . Add. 
20 ml, of the aluainiua solution to each beaker and evaporate each to a 
volume of about 5 a l . Then add 1 :1 NHVOH to the change point of braaocresol 
Xourple indica tor , add v/ater t o give a voluae of 10 ml. then add 3 ^ 1 . of cone, 
HCl, running over the beaker walls to dissolve any yorecixoitate, Ix ie rse the 
beaker in a boil ing water bath for about 3~4 minutes to ensure the complete 
solution of the zirconiua hydroxide. Then add 10 ral. of Alizarin Red S 
solution and immerse the beaker again in the boil ing water bath for not l e s s 
than 2-g- rainutes and not more than 3z minutes, to produce the zirconiura Alizarin 
Red S colour. Measure the absorbance on the Spekker Absorptiometes in a 
2 am. ce l l using the mercury vapour lanxo and I l ford No. 605 f i l t e r s . Carry 
out a blank deterraination con the reagents . Plot the r e s u l t s graphically. 
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