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ABSTR/iCT 1 
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CT.'r-m-nm 

i . I n t r o d u c t i e n 

The fo l lowing work \/as vindcrtaJcen ar a consequence of d i f f i c u l t i e s 
encountered i n a t tempts t'"̂  f s t im;i te ur'mivm i n t r i b u t y l phos^Dl-ate 
s o l u t i o n s dur ing a. r e cen t urani^im p u r i l i c a t i o n r-an on t h e Micro j a r -
L i f t i ippara tus . The i r e c i s e natiu^e )f t l 'e trc;J.)lG vras, a t t h e tiii .o, 
d i f f i ciil t t o a s s e s s , but i c s cC'fe^t reudere". i,hc r e s u l t s so i ncons i s ccn t 
as t o be v/orthlessc ' t v.v.<3 decidL-d th^ireTi 'o^ t o consider t h j problem 
under the fo l l i v.-ing ht; dings : -

(a) Trtmsfer of urc'n'uT from the ur, ' i - J la.^er intc f̂ ix a.o'j ioin 
s o l u t i o n , 

(b) Modifica.t ion, i t n e c e s s a i y ; of t r e e^ is ' . ing e^roxit.e r--? ^j.-imetric 
methcd f 'T use \ i t h cMc JYTCOVI, co.u.ition. 

(c) I n v e s t i g a t i o n o/ th^ o'f>.CG ' Lh. ' .fchod of •-.issoived + r l b u t y l 
phosphate in the aque. ue " i D n t i ' T , 

(d) Exa.minati "n of M a.lLeir"biv^ ^̂ r c . r ^ "̂ 'or L I : S de o o r - i i r a t i j n . 

The in t r i^duct i "1 of an "J.t> -̂̂ nc 11 /c ^̂ •'"̂ ĉccl-'.̂ c jamc a.s o. r e c u l t of 
the observa t ion of a t u r b i a i t j - \ '"en addj^ig c.nistif s^'da t o the aqueous 
l a y e r a f t e r extrr ' .cti m of the u_'an'uii \ r t r i b u r ; 1 phospha.te, J t 
had been enct untcrcd n s >no ̂ ^.j o c c rilt.^r^ when ai a l y s i n g butoi . 
solut ic^ns, pjxO. \7as be l i eveo t f e cue^ i n s^me me i sure, t o t h e 
d i s s o l v e d orga.nic pnase i n aii-'alline s i l u i l o n . The p r o v i s i o n of ; 
method t h e r e f o r e in ^jhich the uivrJuTa covrd be d^-nermined i n ac id 
s o l u t i m T/ould, i t Vc c, b o l i o ' c i ^ o'^/'^'t'' : roo in ' re r ro of t h e f i i r f ic t i j ty^ 
and of those a v a i l a b l e the th"0)(;ycjia;;e method i>'as chosen t o sip^-leuent 
the e x i s t i n g per 'xide methot.!- F̂ ^ i t l e u p t was made to invest.•.,';ate The 
method as such; i t W..T usee' a^ der.e.'iuad f,]ee\;he.'e •'̂ n 

2 , The e x t r a c t i o n 'n' ur - ^ \ -̂  t ' a • ". ' ' h-o-^^ 

'u'hile inforiuation xs a\aAinble on t i e pa r i - i t i on of urttrJ --I bcj^/rtjen 
t r i b u t y l phosphate and aqueouo s o l u t i o n s ^ , "! i ^ t l e or n > da.ta I .isro b^ jn 
pub l i shed on t h e s t r i p p i n g ol laraniuii frnr\ t h i s solv/ent, '. at^ . \i\.i 
been used i n bo th Cana.da UKI the U.S.^i.,. '"trid i n t h i s coijntry ajnimnium 
su lpha te (400 gms/1,) was used i r a. nraarlum p^ii: i l i ca^ t ion v^xn ''~i a 
semi - t echn ica l s c a l e . I t v/as f e l t , no\jr,i-crj tha.t t h e i n t r o d t c t i o n ef 
h igh c ncent ra . t i cms o£ s u i p h r t e ion r i g n t lead t o compl ica t io : s i n t h e 
subsequent r n a l y t i c r l p rocedure s , -'=jid i t was decided t o exami'ie c I her 
r e a g e n t s , ^.ssioiring s.mc s i i i i l a r i t y of' ^ r i b u i y l phosphate v i t h bu tex 
i n i t s physica.1 e f f ec t on i:iianyl s o l u t i o n ; , the exajnina.tion o-*' sodijm 
carbonate follov.'ed as a. m a t t e of c^'ur-Oj, nd ar: a r e s u l t of some 
p re l imina ry \7ork alka. l ine hydrcgen pex-'oxido \ki5 inc luded i n the l i ' 3 t 
of p o t e n t i a l s t r i p p i n g a g i s t s . The advantages of t h i s l a t t e r i n •/±e\4 
of t h e r n a l j r t i c a l method employed i n t h e aetermina. t ion of uranium axe 
s e l f - e v i d e n t . I'^inally a.ltheugh exi':;ting v/ork h,as shown tha.t n i t r i c 
ac id a s s i s t s t h e t r . m s f e r of ur'^niura from t h e 'iqueous i n t o t h e 
so lvent la.yer3 a 1.Cfl MOx si^iution was inc luded for p\jr-poses of 
comparison. 

The t r i b u t y l phosphate used was a coirmercial v a r i e t y supp l ied by 
t h e Chemical Eng i rec r ing D i v i s i o n , and diLP-.illed a t a tempera.ture of 
116°G - 118°C and ? lams. ],rL.s:,ure. t h i s being the procedure proposed 
for i t s use i n fu tu re s e m i - t s c h n i c a l <3cale ux]_)eriments, l i f t e r 
wa.shing wi th 6N n i . r i c 'iciil i t was d i l u t e d wi th ke rosene , a.lsc 
r e d i s t i l l e d (200°C), i n the r a t i o nf 20 p^j-ts t r i b u t y l phosphate t o 
80 p.arts of kerosene by volume, .-igiin i n accordance wi th s tandard 
proceduroc 

This so lvent v/as s t i r r e d fcr 10 rninutes wi th an eojia-1 voliime of 
a s tandard uranyl n i t r a t e colut ior i con ta in ing 10 irgns u/ml.e a-̂ d 

~ 1.QN i n n i t r i c a c i d , and aPier sepca-ation of t h e phases uranium was 

„ " 1 " \ i 
~ ammFigi a c> ^ > 
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determined in the aqueoue layer gravimotrically, and by the peroxide 
and thiocyanate procedures. In the case oP the latter tv/o, blank 
determinations by an identical procedure in the absence of uranium 
v/ere carried, cut, and -ifter making the necessary corrections the 
loranium content of the selv(;nt layer ir-s cbtained by difference. Since 
a.ll subsequent results were based on the a took solution of tributyl 
phosphate/urrLnium thus prepared, detailed experimental data for the 
analysis of the aqueous l;.,yer are given in Tt'ble I. 

TiJiLE I. 

Experimental ; 20 mis . of 1 r i b u t y l phosphate s o l u t i o n s t i r r e d for 10 
minutes v/ith 20 mlt of stajjdard u rany l n i t r a t e s o l u t i o n (10 mgms u / m l . ) 
and 1,0 ml. of cone. ni trLc; a c id , I 'hases sepnra ted , and 2 ,0 ml. a l i q u o t 
of tho aqueous l a y e r taJcen for co lo r iL i^ t r i c a n a l y s i s by means of hydrogen 
peroxide and amiuniuia thiarjy na t e .10, 0 ml. a l i a u o t of aqueous taken for 
g r av ime t r i c determ.inatirjn ctf uranium. ( i r e c i p i t a t i o n as diixranate and 
conversion t o U30g). 

^"jialytical 
method. 

Leroxide 

Thiocyanate 

Gravimet r ic 

i 

ilb s o r b -
ancy. 

0,4^2 

0.710 

.verage c 

xxbsorl -
ancy of 

b lank . 

0,015 

0.015 

joncentr" 

1 ,— 

CLrr'ected 
a')s.-rb" 

ancy. 

0,A47 

0.69^ 

. t : )n wJ' uj 

mgms U 
in 

sajiiple 

3,28 

3.26 

1(..3 

r^jiiimi i 

1 1 

mgms U 
in .-.ciueous 

l a y e r . 

34.4ij-

34.23 

34.23 

ri so lvent I 

mgir.s U i n 
Solvent 

l a y e r . 

165.56 

165.77 

165.77 

-•lyer. 

mgms u / 
ml. 

So lven t , 

8.28 

8.29 

8.29 

8.29 

A con'p"risi n of t h j strij-ijiing e f f i c i e n c y of v/a ter , N . n i t r i c a c i d , 
and 10̂ 0 amnoniui' sulphatL , v/as e f f ec t ed by extract inf ; 1,0 ml. of the 
s tock t r i b u t y l phosphr.te/uranium sc^ lu t im tv/ice v/ith 5 nils, p o r t i o n s 
of these agen t s , i^fter separ'^tic/ii of -̂  îc iqueous 'ind o rgan ic lajrers 
ura.nium v/;is determined on t h e fcrmer by the peroxide and thiocyina- te 
p rocedures . Seme s l i g h t modi-f'a c" t i o,i \ / .s in t roduced a f t e r s t r i p p i n g 
v/ith ^C'/o sodiuni c ; rb( jnate : the aqueous l a y e r v/as n e u t r a l i s e d v/ith 
n i t r i c a c i d , and a fe\/ dr ps excess ac id rdded, a f t e r which the so lu t icm 
v/as b o i l e d t o e l i in ina te c; rbon d i o x l u e . From t h i s po in t t h e procedure 
v/as i d e n t i c a l v/ith th'.L emjjloyed for che o the r s t r i p p i n g a g e n t s . In t h e 
case of the a l k a l i n e perox ide 0,5 md. of 20 v o l . hydrogen peroxide was 
added t o 5 i^ils. of 1C'/o sodium hydroxide in 'i s e p a r a t i n g funnel and, 
a f t e r mixing, 1,C' mi. of t h e t r i b u t y l i:>hosx)hate -ur-aniura s tock s o l u t i o n 
v/as added, j^fter shaking cuid allo-v/ing the l a y e r s t o s e p a r a t e the 
aqueous l ayer v/f s run i n t o a 50 ml, volunTotric f l a s k . The ope ra t ion 
was repea ted v/ith a fu r ther 5 iid-s, of a l k a l i n e peroxide and the aqueous 
e x t r a c t added t o t h a t in t h e f l a s k , -.fter v/hich the vol-ume v/as adj-usted 
t o 50 irds, v/ith './ater and the s o l u t i o n exar ined on the Spekker 
Absorpt iometer , In a l l cases b l?nk de te rmina t ions us ing i d e n t i c a l volTires 
and procedures i . i th an 80/20 k e r o s e n c / t r " ou ty l phosphate s o l u t i o n v/ere 
c a r r i e d out 'ind Spekker r ead ings •v/erc made using a 1 cm, c e l l , t h e 
Chfince 556 F i l t e r LUid thu mercury vaoour lamp. 

Nothing f u r t h e r needs t^ be added t o the exper imental d e t a i l s 
a l r eady given \ / i t h thu except ion of a note ^n the a c t u a l shaking of t h e 
so lvent JTid aqueous l a y e r s . Violent shaking over prolonged pe r iods i s 
e n t i r e l y i jnneccssary, end, in the case of a c t i v e s o l u t i o n s , inadvisa .ble . 
Ear ly experiments f a i l e d p a r t l y because the tv/o l a y e r s had been so 

5/?' J 
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ĉ
J 

. 
• 

1 
o >

 

L
T

^
O

 

, 
, 

CO
 

o 
ĉ
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I t v/ill be noted that anmionium sulphate, sodium carbonate, 
and alkal ine hydrogen peroxide are a l l effective as s t r ipping 
agents under the conditions of the experiment, and that a good 
agreememt i s obtained vri,th the r e s u l t s . The figures also indicate 
that water could be equally effective i f used in la rger vol-umes. 
Some inconsistency was observed v/hen using the thiocyanate method 
with the ammonium sulphate s t r i p , but since t h i s method v/as used 
largely to supplement the standard procedure and not v/ith the 
in tent ion of superceding i t , t h i s apparent failvire of the 
thiocyanate ijiethod v/as not p\jrsued. 

5 . Spectrophotometric data for uraniun/alkal ine peroxide and uraniun/ 
thiocyanate complexes as applied to the determination of uranivim in 
the presence of t r i b u t y l phosphate. 

Many v/orkers have invest igated the peroxide method for the 
determination of uranium and experimental de t a i l s and the absorption 
spectrum of the complex have been published^»^'"• Ti/hile hov/ever 
thiocyanate has to some e:x.tent replaced peroxide in Americal i t has 
not been so v/idely used in t h i s country and i t was f e l t tha t the 
spectrophotometric data might vri.th advantage he included in t h i s 
work. 

The absorption spectra of the thiocyanate and peroxide complexes 
with the i r respective rer.gent blajiks in the presence of t r i b u t y l 
phosphate are shov/n in Pig. 1. They v/cre determined on a Unicam 
instr-ument. I t i s seen from these curves tha t the reagent blanks 
containing dissolved t r i b u t y l phosphate cease to absorb s igni f icant ly 
above 3500A so that the Chnjice J i l t o r No, 556 which has i t s maximum 
transmission at a wavelength of 365O11, may be used v/ith the Spekker 
iibsorptiomcter to give the c-'ptimum sens i t i v i t y v/ith t h i s instrument. 
A lower blank absorption m.ay be obtained by using the Chance 
OVl/T/ratten 2 coi±iinatic3n, i so la t ing the merc\jry l ine 4047A, hut the 
curve shows tha.t the lower blrmk does not compensate for the 
decreased s ens i t i v i t y using t h i s combination. In t h i s l a t t e r 
connection i t v/ill be observed that the sens i t i v i ty of the two methods 
at the wavelength 4047^ i s very similar (molar ext inct ion coefficients 
'^O.S X 10^) v/hereas measured at the v/avolength 3650S the thiocyanate 
method has almost twice the s ens i t i v i t y (molar ext inct ion coefficient 
3 X 10^ for thiocyt\nate, 1,6 x lo3 for peroxide) . The above confirms 
v/ork of a similar nature carr ied out by Beamish and Curragh^. 

In p ig . 1 are also shov/n the absorption spectrum of 80/20 kerosene 
t r i b u t y l phosphate find the transmission data for the Chance 556 and 
Chance 0Vl/\/ratten 2 combination f i l t e r s . 

A plot of absorbancy aga.inst uranitira concentration for the tviro 
methods i s shov/n in pig, 2. The data was obtained using a Chance 556 
F i l t e r , 1 cm, c e l l , osid mercury vapour lamp. 

4 . Conclusions 

Prom the data given in Table I I i t i s evident tha t e i ther method 
i s sa t is factory for use v/ith t r i b u t y l phosphate so lu t ions . Of the 
two, however, the peroxide method i s preferred as being much quicker 
and equally accurate for the range of concentrations v/ithin which i t 
i s expected to be used. I t has been shovna tha t dissolved t r i b u t y l 
phosphate in the aqueous layer af ter extract ion does not material ly 
affect the r e su l t s obtained by e i ther method xinder the conditions 
s ta ted . 

Since blank determinations axe of the order of 0,02 the accuracy 
of the peroxide method using a 1 cm. ce l l en the Spekker i s not good 
with quant i t ies of ur-^Jiium less than 0,5 mgra. I t can, hov/ever, be 
imprc:ived by using a 4 cm. c e l l , v/hen reasonable accuraqy (+ 20$̂ )̂ has 
been obtained on quant i t ies as lov/ as 0,2 mgm. The thiocyana.te 
procedure, ov/ing to i t s higher specif ic ext inct ion, i s more 
successful v:hen uged with amcjunts of uranium of t h i s order, 
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F i n a l l y shcjuld i t be advisa.ble a t a. futui^e da te for r ea sons as 
ye t xtnknovm t o chajige over t o tiio thiocj'-ajiate method, e x t r a c t i o n of the 
uraniuffi i s quick pjid e f f e c t i v e , p-nd the procedure p r e s e n t s no 
d i f f i c u l t i e s . 

D e t a i l s of the tv;o methods i n t h e i r a p p l i c a t i o n t o t r i b u t y l 
phosphate s o l u t i o n s cjcc given in i^ppendicos A and B. 
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/JYMDIX A 

The determination of Uranium in Tributyl phosphate 
solutions by the peroxide Absorptiometric 

Method. 

1, Solutions. Sodium hydroxide - 10^' solution in g l a s s - d i s t i l l e d water. 
Hydrogen i^eroxide - 20 vol . I t i s advisable to prepare 

fresh each time by d i lu t ing 100 vol . vd.th g l a s s -
d i s t i l l e d water, 

2, procedure. 

(1) Add 0,3 ml, of hydrogen jperuxide 
to 5,0 mis. of sodium hydroxide in a 
small separating fxinnel and mix. 

(2) Pipette sample ccmtaining 1-8 mgms. 
of uranium and add to alkjiline 
peroxide in funnel, 

(3) Shake gently f(̂ r about 1 min (a) and 
allow to stand for 5 mins, so that 
aqueous and solvent layers may separate, 

(4) Drain off the lov/er aqueous layer 
into a. 50 ml, volumetric flask, ĵ dd 
3 mis, of v/ater, swirl gently and a.gain 
drain off into the volumetric flask (b), 

(5) Repeat the extraction by the 
addition of a further 2 mis, of ca.ustic 
soda and 0,2 ml, of hydrogen peroxide 
(c), extract and wash as in (3) and (4). 

(6) Make up volume to mark \/ith water 
(d) a.nd examine on Spekker using Chance 
556 Filter, 1 cm. cell, and mercury 
vapour If imp, 

(7) Make the necessary blink correction 
and determine uranixun content of sample 
in mgms U/ml, from calibration curve. 

Calibration Curve, 

Treat kncjv/n volumes of a st;ind£ird uranium solution, the uraniuju content 
of which has been determined gravimetrically, v/ith 0,5 ml, of 20 vol, 
hydrogen peroxide and 7 mis. of 10̂ ' caustic soda in a 50 ml, volumetric 
flask. Shfike, iX'Jce vip to 50 mis. with glass-distilled v/ater and allov/ to 
stand for 10 minutes. Determine the absorbancy of the solution on the 
Spekker using a 556 Filter, 1 cm, cell, and mercury vapour Ifuî ), 

Determine the absorbancy of the reagents in the absence of uraniiom, 

ilot the concentration of urcmium against absorbancy after deducting the 
blank from the latter. 

^ 1 -
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Notes, 

(a) The extract ion i s quicdc and 
eff ic ient and violent shfiking i s 
\innecessary besides causing 
d i f f icu l ty in the sepf^ration of 
the xqueous and orgfuiic l ayers , 

(b) the v/ater v/ash i s for the 
purpose of removing caust ic soda 
containing uranium from the stem 
of the sepfirfiting fimnel, 

(c) Add the peroxide f i r s t . I t 
i s unlikely that a p rec ip i t a t e v/ill 
form on the addition of the 
second 0.5 ml, of peroxidOfc 
Should i t do so i t v/ill 
immediately dissolve on addition 
of the sodium hydroxide, 

(d) I t i s essen t ia l to use glass 
d i s t i l l e d v/ater throughout. 

file:///innecessary


;AP'ENDIX E 

The Determination of Uranium in Tributyl phosphate 
by the Thiocyanate absor^jtiometric method. 

1. Solutions. Sodixmi cfirbonfto - 10̂ r solution in v/ater. 
ijmnonium thiocyinate - 608 grams per l i t r e . 
Stannous chloride - Dissolve 10 fprams of stannous chloride 

in 20 mis. of concentrfited hydrochloric acid and 
d i lu te to 100 mis, v/ith v/ator, 

2, procedure. 

(1) Pipet te sanple containing 1-5 mgms. (a) The extract ion i s quick and 
of xiranium into a small separating effective fxnd violent shalcing i s 
funnel, unnecessary besides causing 

d i f f icu l ty in the separation of 
(2) Add 5 nils, of sodium carbonate soln, the aqueous and organic phases, 
and shake gently (a) for about 1 min, 
iillow to stajid for 5 mins. so that aqueous (b) The water v/ash serves to 
and solvent layers may seiifirate complete- remove residufxL sodium carbona.te 
l y , Gontfiining xirfmium from the stem 

of the separating funnel, 
(3) Drain off the lov/er aqueous layer 
into a 50 ml, beaker, î dd 3 nils, of (c) A small piece of litmus 
water, swir l , and add the aqueous layer paper a s s i s t s hero, 
to the contents of the beaker (b) . 

(d) To reduce iron e i the r in 
(4) Repeat p a r s . (2) and (3) with a sample or in reagents , 
further 5 mis. of sodium carbonate 
combining the ext rac ts v/ith the prcvio-us (e) The ext inct ion of the blank 
ones. may be determined by t r ea t ing a 

volume of TBP in keresene equal 
(5) Neutral ise the sodixirn carbonate v/ith to that of the sfxnple according 
n i t r i c acid (c) find add 2 or 3 drops to j jars, (2) - (8) . 
in excess, 

(6) Boil to remove COo, Cool and transfer 
to 50 ml. volumetric flask, 

(7) iidd 0,2 ml. of nitric acid, 0,2 ml. 
of stanno\as chloride (d), shake and then 
add 10 irils. of thi^cyfmate reagent, 

(8) Make up to 50 mis, v/ith v/ater fmd 
examine on Spekker using 556 filter, 1 
cm, cell, and mercury lamp, 

(9) Make the neoessaiy blank (c) 
correction and determine urani-um content 
of the sample in mgms u/ml, from a 
calibration curve. 

Calibration Curve, 

Treat knov/n volumes of a standard uranium solution, the uranium 
content cf './hich has been determined gravimetrically, v/ith the reagents as 
in para (7) and make up volumes to 50 i-nls. Determine the absorbancy of 
the solutions on the S]jekker using the 556 filter, 1 cm. eel] , and mercury 
vapour lamp. 

Determine the absorbancy of the reagents in the absence of uranium, 

plot the concentration of -uranium against absorbancy after deducting 
the reagent blank from the latter. 
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ABSORPTION SPECTRA OF U/CNS' AND U/H JOQCALKALINE) COMPLEXES WITH THEIR RESPECTI/i: 

REAGENT BLANKS fWITH T B P) 
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ABSORPTION SPECTRUM OF 8 0 / 2 0 K E R O S E N E / T B P WITH TRANSMISSION CURVES (PARTIAL) 

FOR CHANCE 556 AND CHANCE OVI / WRATTEN 2 FILTERS 
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