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THE CIETERMfNATIOM OF THORIUBi W TBE PREsEXCE 
OF URANIUM, TITANIUM AND TUNGSTEN 

: Bobart 8 .  ~ i l l a r d , ( ' )  Arthur W. Mosen(2), and Roes D. Dsrdner, ,Lo8 
~iamos Scientif  l c  Laboratory, Lo8 Alamos , New bkxfco . 
I Present address, University of Michigan, Ann Arbor. 
'present address, General Atomic Corporation, San Diego, California 

~ & k  done under the auspices of the Atomic Energy Commission I *  . . ' v .  

I '&st of. the older accepted methbde f o r  the determination of thorium 

ark gsvimetr ic  . (3,5) A large number .of insoluble compounds have 

been used i n  separations but the element i s  usually weighed a s  oxide 

a f t e r -  ignition. The oxalate method which hers been used i n  t h i s  lab- 

oratory fo r  the  d e t e d m t i o n  of thorium i n  uranium al loys bas not 
' .  & 

I ' 

been sat isfactory f o r  a l loys  containing l e s s  than 0.5$ of thorium be- 

cause the loss  due t o  so lub i l i t y  becomes significant.  (4) Increasing 

the s i ze  of the sample is impractical because of the limited so lub i l i t y  

of uranyl oxalate. A spectrophotomet~ic prdcedure(6) i a  available f o r  

very smll amounts of t h o r i m  in uranium but it lacke the precision re-  

quired f o r  the'range of 0.1 t o  1.N. 

I The precipi ta t ion of sldall amouts of thorium fluoridc i n  t h e  presence 

of .other  metals has been described by Grimaldi and Fairchild. (2) They 

showed t h a t  it was a good separation from uranium and cer ta in  other 

metals such as tantalum, niobium, titanium, zirconium end iron. By 
\ 

using a ca r r i e r  they obtained quantitative recoveries of lees  than 

milligram amounts. F r i t z  and F'ord'') have deecribed the t i t r a t i o n  of 

. .  . thorium with divorlium ethylenediomine tetraacetate (EIYTA) using a l i za r in  

'. 
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as indicator. A combination of these two processes described i n  t h i s  

paper has afforded a rapid and accurate procedure f o r  the  determination 

of thorium i n  the  presence of large amounts of uranium and many other 
I 

metals. The thorium f luor ide  with a ca r r i e r  of lanthanum f luor ide  is 

ignited t o  the  oxide, dissolved i n  n i t r i c  acid,  and evaporated with . . 

perchloric acid. The solution is adgusted t o  a pH of 2 and t i t r a t e d  

with EDTA using eriochromcyanine as indicator.  

Apparatus. ~ o l y e t h ~ l e n d  beakers, f unaels and s t i r r i n g  rods. 

Reagents. Ammonium f luor ide  solution,  10 gram of reagent grade i n  
100 ml, of water i n  a p l a s t i c  bo t t le .  

t 
Ammonia, hydrochloric acid ,  n i t r i c  acid ,  concentrated. 

. . Hydrofluoric acid,  48$. 

Perchloric acid,  7@. A l l  ac ids  were ana ly t ica l  reagent grade. 

Hydrogen peroxide, 30s ana ly t ica l  reagent. 

- Indicator solution, 100 m f l l i g r s m e  of Eriochrome Cyanlne R. C. (from 
Hach Chemical Co., Ames, 1owa) dissolved i n  100 ml .  of water. 

EM%, ~tand&rd solution,  O.M5 M. Dissolve 9.3088 gram of q, 
reagent quality, disodium ethylenedfamfne te t raace ta te  i n  water and 
d i lu t e  t o  1 liter.. !Eha d r y  reagent may be ~ons ids sed  s primary 

' I  

I .  
' standard o r  it may be standardized against  pure thorium oxide. 

. . . . 
' ' Thorium n i t r a t e ,  standard solution, 2 xng. per nil. o f .  thorium. Mseolve 

. ' 
. ,4.7580 grams of pure thorium n i t r a t e  tetrahydrate i n  water and d i l u t e  

-7. .-. . ..-...-A. 

t o  1 liter. Standardize by t i t r a t i n g  against  the  standard EI;YEA solution 
, 

and a l so  by determining the  thorium g m ~ i m e t r i c a l l y  by the  oxalate method. 



- Uranium solution. Dissolve the  metal i n  hydrochloric acid, oxidize it ' 
with hydrogen peroxide, destroy the excesra by heat and d i lu te  it t o  a 
suitable concentration, euch a8 0,3 gram per m l .  

Wash solution. Add 25 m l ,  of 48$ hydrofluoric acid t o  475 ml, of water, 
L and store i n  a p las t ic  bot t le ,  

Dissolve the sample i n  concentrated hydrochloric acid and add an excess 

of hydrogen peroxide t o  oxidize the uranium, Heat the solution t o  boil-  
, . 
: ing' t o  complete the df ssolution of the sample and continue heating t o  

remove the excese of peroxide. If titanium l a  p&ent,  leave a l i t t l e  

hydrogen peroxide i n  solution. If tungsten is present leave a s  much 

I %peroxide a s  necessary t o  keep the tungsten i n  solution but not so much 

se t o  precipitate uranium peroxide. If there is eo much tungsten tha t  

it cannot be kept in  solution with hydrogen peroxide, add the 5 ml .  of 

hydrof luorf c acid and 20 ml. of 10$ ammonium fluoride from a subsequent 

s tep and immttdiat&l.y transfer the solution t o  a plaet ic  beaker. The 

quantity of ammonia t o  be added +n the l a t e r  s tep  must then be estimated 

t o  be equivalent t o  the excese hydrochlori6 acid used t o  dissolve the 

eayple. Mluts the solution t o  25 ml. and add 5 d. of the lanthanum 

. eolution. Addust the pH t o  between 2.0 and 3.0 with ammonia using a 

'glass electrode and st i rr ing 'constant ly with a mgnetic stirrer. The ' " 

Sdiution a t  t h i s  polnt should contain no precipitate.  Transfer the 

solution t o  aplast ic  250 m l ,  beaker and add a l i t t l e  ashleee f i l t e r  

pager pulp. Add Prom a plas t ic  graduate 5 m l ,  of hydrofluoric acid 

and 20 ml.$ of lo$ ammonium fluoride solution, s t i r r i n g  with a p las t ic  

, rod. 



, . 

Allow the precipitate t o  digest f o r  a t  l eas t  2 hours  r refer ably over 
. . .  

.night) a t  room temperature. F i l t e r  the solution thr0ugh.a 9 cm. Whatman 

#42 or  similar dense, ashless paper. Use 8 plas t ic  funnel, with no 

.rpuc.tion and place a L i t t l e  paper pulp i n  the f i l t e r  before s tar t ing  the 

f i l t r a t i o n ,  Wash the precipitate with hydrofluoric acid wash solution 

,,, untLl ell the uranium is removed and use a piece of dry f i l t e r  paper 

. ' ,  'to'- wipe' out the  b'eaker t o  insure complete removal of the precipitate. 

Ignite it i n  a platinum crucible a t  800' C . Wash it into the 100 m l .  

beaker , i n  .which the sample was 'dissolved. Heat some n i t r i c  acid i n  

the crucible t o  dissolve any thorium. oxide tha t  may have adhered t o  

i t ' snd  r inse it into the beaker. Add 15 t o  20 ml .  of n i t r i c  acid and 

heat un t i l  the oxide has dissolved. If t h i s  requires more than 20 t o  

30 minutes, add 1 drqp of 5% hydrof luoric acid and continue heat fng. 

To the clear  solution add 1 ml.  of perchloric acid and evaporate unti.1 a 

motet residue remains. Dissolve t h i s  in 20 t o  25 nil. of water, adjust 

the pH t o  between 2.0 and 2.5 with hydrochloric acid or  sodium hydroxide 

using a gE meter and mgnetic s t i r r e r .  Add 2 drops of indicator solution 
,...c 

. . :and t i t r a t e  with stanhard EDEA eolution u n t i l  the color changes sharply 

. . ' from purplish red t o  salmon pink. 

Multfply the number of mfl l i l f te re  of ElYlA iolut ion by 0.005803 (or what- 

ever the t i t e r  of the solution was determined t o  be),  t o  f ind  the migh t  

of thorium. &ltiplgr t h i s  by 100 and divide by the  weight of the ample 

t o  obtain the percent of thorium. 
. . 



DISCUSSION 

In the analyses of actual  samples it was sometime8 found tha t  an unde- 

termined impurity masked the end point i n  the t i t r a t i o n ,  In these cases 

it was necessary t o  reprecipitate the  thorium from the solution of the 

. ignited oxi de. 

' Evaporation of the solution . of . the oxide with perchloric acid served 

t o  remove traces of fluoride which interfered seriously with the ti- 

. , trbtion, but since the oxide was not. diseolved by perchloric acid, it 

was necessary to d i  ssolve it f i r s t  i n  n i t r i c  acid.' La.rge amounts of 

. \. . perchlorfc acid made the end point indist inct ,  

.I ' 
. ' -The color change, of the indicator w a ~  sharpest a t  a pH of 2. Other 

,. . 
. , 

. . indicators t r i ed  were: a l izar in ,  carminic acid, chromzuro~,,anmtonium : . , . . 
% ,. ' 

' purpurate and purpurfn sulfonate. None of these could be used i n  the 

. . presence of lanthanum although F r i t z  and F'ord") claimed tha t  lenthaqum 

. :did not interfere when a l i za r in  was used. 

Attempts were made to' destroy the f i l t e r  paper wlth n i t r i c  and per- 

chlorfc acids instead of Igniting the fluoride t o  oxide. Although t h i s  

0 w e  regid and convenient the reeulting solution showed no end point when 

t i t rated 'with EDTA. This  was apparently not due t o  any m t e r i a l  removed 

from pyrex glsss  because small amounts of boron and arsenic showed no 

e f fec t ,  When quartz beakers were wed no trouble was experienced st 

f i r s t ,  but in later experiments a tiarbidity was produced when the pH 
. . , .. . . 

was .adjusted t o  between 2 and 2.3, and no t i t r a t i o n  was poesible . No 
,. . 

explanation has been found for  these phenomena. 
, . 
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The volume of solution from which thorium fluoride was precipitated . 

. . varied ' f rorn ' 50 to 100 ml., but with 3 grams of ursnium in 50 ml. of 
, . 

. so~ution a greenish yellow, crystalline precipitate of uranyl ammonium 
. . 

. .  . fluoride was formed. Under..'these conditions a volume of at least 100 ml. 

is recommended. 

Effects of Titanium and Tungeten. When titanium was present, hydrogen 

peroxide.prkvented its precipitation. It was usually not present in the 

thorium fluoride but even large amounts of it did not interfere with the ' 

EDTA tirration because the titanium complex with the reagent is unstable. 

When titanium was present the thorium fluoride had a bluish. tint and 

turned brown 6n ignition, due to the presence of a trace of uranium 

which is not carried down in the absence of titanium. 

Tungsten tended to precipftat as tun&stic acid shortly after the sample 
. . 

.:.:.;wa&q:d-i.:s~solved. An excess of hydrogen peroxide kept a' limited,.. amount of 

tungsten in solution but was inadequate for 20 me;. or more. If the pre- 

,.... cipitate of tungstic acid wers allowed to stand for a time it did not 

. dissolve when hydrofluorfc acid m s  added, but remained with.the thorium 

fluoride, where it interfered with the tftration. When such amounts of . 
. t&sten were present beet results were obtained by adding the hydro- 

'flkric acid ae soon as the alloy waa in solution and neutralizing part 

of the acid later by adding a calculated amount of amnia. This pre- 

vented,any tungsten from contaminating the thorium precipitate. 



. , E X P E R ~ ~ A L  RESULTS 

A number of determfnatfom were carr ied out on solutions made up t o  

simulate al loys of uranium and thorium vabryfng from 0.1 t o  1.N thorium. 

The re su l t s  are shown i n  Table I, 

DE-TION OF TBORIUM IN IUUOldN SOLUTIOIiS 

Average Average 
\. No. of Thorf um Uranium Error Thorium Standard 
Determfn- Taken, Present, Thorium, Found I)eviat ion, 
a t ions p q s  46 -..-A-- 

Several s e r i e s  of determiaations were made according t o  the procedure 
. . 

.given, on samples containing titanium and tungsten a s  well as .  uranium. 

'The simulated titanium al loy wiis made from solutiono containing uranfum, 

.thorium and titanium, However, i n  the case of tungsten, since t h e  main 

problem was t o  keep it i n  uolution while the thorium f luoride WFIS pre- 

. cipi ta ted,  an alloy of tungsten end uranium ves  prepared end samples from 

S t  were dissolved i n  the presence of kno& amounts of thorium. The deter- . 
mination was then made according t o  the  special  dfrectfons i n  the procedure. 

!The reeul t s  a r e  shown i n  Table 11. 

. , 



Table I1 ! 

s EFFECT OF TITAmIW AMD TUNGSm I N  TBE IIETERMINATION OF THORIUM 

Averisge Aversge 
rn . No. of Thorium Tfbrmfwn Tungsten Umnium E r r o r  Thorium Stand8rd 

D e t e d n -  !.Taken, Present, Present, Present, Thorium Found Deviation, 
a t ions  ng. we e* g r e n ~ ~ A L  

The amount of thorium tkt can be determined by t h i e  'ket~lod is limited t 

only by the precialon of the  t l t r a t f o n .  W e e  milligrams was the  smallest 

amount t i t r a t e d . i n  these experiments, but by using a more d i lu t e  EmA 

solut ion and, if neceesary, &' photometric end point nnich smaller amount8 

, could doubtless be determined. A s  l i t t l e  as 0.05 mg. 'of thorium was 
. . 

recovered f rog  complex synthetic mixtures by Grilnaldi and Pairchild.  (2) 
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