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2 4962

James S. Fritz and Barbara B. Garralda

Institute for Atomic Research and Department of Chemistry

Iowa State University, Ames, Iowa

Abstract-Thorium is quantitatively retained by an anion exchange column
from aqueous GM nitric acid solution. Most other metal ions are com-
pletely éluted from the column with 75 to 100 ml. of 6M nitric acid.
Following the separation, thorium is stripped from the column with 0. 5M

nitric acid and titrated with EDTA

Ion exchange separations of thorium from other metal ions have been
carried out using an anion exchange column with HC1 eluent (9, 10, 14, 17),
anion exchange with HZSO4 eluent (7,11, 12), and ion exchange using organic
complexing agents (5, 18). Strelow developed a v.ery selective method for
thorium in which other metal ions were eluted from a cation exchange column
with 3 to 4M hydrochloric acid leaving thorium on the column (15). Following

the separation, it is extremely difficult to remove thorium from the column.

Strelow resorted to ashing the resin and weighing the thorium oxide residue.
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)
Seve1;a.1 authors have separated thorium using an anion exchange columnv
and nitric acid. Some of the most comprehensive work is by Korkisch and
Tera (8,16). These authors separated thorium on an anion.exchange column
_in the nitra;e form from a .solution coﬁsis’ting of 90% methanol and 10% of
aqueous 'SM nitric aéi{i. They separated thorium from a long list of other
élerﬁehts bﬁt reported that barium, léad, bigmufh, lanthanum, and rére earths
are also téken up by the column. Danon (2, 3) reported distribution coefficients
for -thor_iunr'x and certain rare: e,aArths using an anion exchange resin at various
concentrations of nitric acid. Using a colgmn, he was able to separate quan-
‘titatively fhoijium from lanthanum, n.eodymium, samarium, europium, and
yttrium using 5 t_o.8_1\11_ nitfic acid. Carswell (1) successfully separated
t}xorium and ur'a‘.niu‘m using an anion exchange resinfand a.qu’eom‘15‘4_lld; nitric Aaci'd
-as the elu?i_ng agent. Th.is separation was carried out at 77‘C. Iéhiic\awé. {6)
xl'epo‘rted d';s.tribution ;:oefficients of various elements between nitric acid a._ﬁd.
: ,ian:ion exchange rgsin. Distribution coefficients réported by Nelson and Kraus ° ‘
{13) chowed that tharium, bismuth, and lead are taken up by anion exchange
' VreSins«frc.)m' strong aqueous solutions of nitric acid.
The purpdse <;f tixis paperi is to study ina mox;e comprehensive manher the
"analy;;i‘céi sepa.ratior; and-determination of thorium using nitric acid eluent with
ahi_on exchange columns. : A].t'hough'the method of K.or,kibsch and .T‘er;mis ex-
cell)ent for the separation of thorium from some eléments, we found that the

method does not work well for mixtures containing macro amounts of thorium
- .
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“and rare 'earth.q. Using aqueous 6M_ nitric acid,_ we obtained excellent

s'eparation of thorigm f.rom alurﬁinum, rare earths, iron, zirconium, and

other elements. | |
EXPERIMENTAL

Ion Exchange Columns. Conventional glass columns of 12-mm. i.d. are

used. The column is filled with a.slurry of resin, in nitric acid of the concen-
.t'ration to .‘be used as thg\eluent,, to a bed height of 16 cm..‘ *I“he eluent is added
té the column Adrépwise from a ;ylindrical separatory funnel fitted into the
c.c>\1umn t.herugh. ai one—imol'e stopper at a flow rate of about‘;.ml. per minutg.

-Ton Eﬁcchange R.e's,in. Dowex 1 x 8, 100- to 200-mesh, anion resin in the

nitrate form is used. The analyzed reagent grade resin is ‘in the chloride form
: and‘-must. be converted to .the‘ nitrate form before use. This is Flo‘ne. bylplacin.g
‘the resin in a large column and backwashing to remove fine particles. The
fesin is then washeé with 5M nitr?.c acid until the effluent gives a; negative
jchlo:;id'e: test with silver nitrate. | The ex;:ess nitric aci‘d is rinééd off with dis-
tilled wva-teArv, the \;VR.tP.IT‘i‘S removed By suction filtration, and the resin 1s air
dried. -

Metal Salts. 0.05M solutions of the salts were made using reagent grade
nitrat'e salts of the metals and nitric'acid of the concentration to be used as the

é luent.




'PROCEDURE

Distribution Coefficients. Air-dried anion exchange resin is weighed

into a 125-ml. glass-stoppered Erlenmeyer flask. The desired amount of
metal ioﬁ iﬁ nitric ,a;ci.d éolution is pipeted into'the flask, and nitric acid
of the desired concentration is added to. bring‘the total solution volume to
50 ml. The flask is stéppered and shaken for 24 hours. An aliquot’i‘s
pipeted frbm the flask and the metal ion content is determin_éd with EDTA
titration. The water content of the air-dried resin is determineci by ovex‘1
_drying a' sample of known weight. The distribution coefficient is then de-

‘termined on a dry resin basis. The relationship used is:

K. = mmoles of metal ion on resin/grams dry resin
d * mmoles of metal ion in solution/total volume of solution’

Cglumn Elutions. For experiments with single metal ions, “the cc;\lur'nn.
is loaded with 0. 25 mmole of metal ion in a sol;ltion coﬁtai‘ning nitric acid
" of the cgncentratio.rl ‘to be used for elution. The yolumg of sample so}ut'ic;n
is' indic.ated,in‘Tablé I. Nitric acid concentrations greater than .a.bcj>ut 7M

cause decomposition of the resin. The effluent from the sample soiutioh is

" collected and tested qualitatively for the metal ion p}'eseht in'the sample.

The cplumn‘is then eluted with aqueous nitric acid; 10-ml. fractions are col- :

A lected and tested qualitatively for the metal ion. The breakthrough volume -

'

and the volume required for compiete elution are recorded.
For quantitative separation of mixtures containihg* thorium, a sample

o r:.onta.i-ning 0.25 mmole of thorium plus 0.25 mmole of another metal ion is
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dilutéd to 15 ml. and the nitric acid concentration is adjusted to 6M.
The saﬁple solution is added éo al.2x16 cm. Dowex | x 8 column '(1(‘)0—
to Z'OO-mes'I-x) which has previously been washed with 6M_ nitric acid. Thé ;
other metai ion is -theﬁ eluted from the coiumn'w.ith 75 to 100 ml. of 6M |
nitri; acid at; a flow rate of approximately 2 ml. per minute., The effluent
is evaporated nearly to dryness, then is diluted, neutralized, and ti‘trated
- as outlined in Table II. Thorium is stripped from the column by elution
‘. ;yith:150 ml. of 0. 5M nitric aci;i at é flow rate of approximately 2 ml. per
minufe. | |

The pH of the thorium effluent is adjusted to 2.0 to 3.0 .with solid

sodium acetate, and the thorium is titrated with 0. 05M EDTA using Xylenol

FARE)

Orange indicator.
RESULTS AND DISCUSSION
Preliminary work with methanol-aqueous .nitric acid eluents ‘,(7) indi-

-cated fhat aciueous nitric acid is preferabie for se‘paré.tions of thorium from
other metal ions. The nonagueous nitric acid separations rquired larger

‘ .volgmes of eluent for 'quaptitative elution, and a slower flow rate had to be
;,employ'ed. Furthermore, 6M aqueous' nitric acid solutions caused leés de:-
.te}vrioz‘-ation of the rc.:s.in than mcthanol-water solutions that \;vere more dilt;u;e
iﬁ n1tr1c acid.

) Data for elution of individual metal jons are given in Table I. These

elutions are for a 1.2 x 16 cm. anion exchange column (nitrate form) with
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several différent concentrations of nitric acid. The effluent was collegted :
in 10—m1 fractions and each fractivon tested for the presence of the metal |
ion. Most metal ions are completely eluted .by 100 ml. of 6M nitric ac.id.f
Prnfiie cur'ves for the elutic;ns indicate that there is little tailing of the .
"bands. Since the thorium ion does not breakthrough until more than. 300 ml. o
of effluent héve been collected, separation of thoﬂum from most metal ions .
should be feasible. Cérium(IV), molybdenum(VI), antim.on')}(III)., and

E tungsten(VI) are likely interferénces. |

Quéntitative data for actual separation of mixtures are reported in
.Table III. Elution of -the first Ameta.l i;)n’requires 75 to 100 ml. of 6M nitric’
-acid, thus giving a large safety margin before breakthrough of thorium.'
Althouéh more of the .niixtures analyzed contained ti;;rium and another metal
ion,.in approximately equal molar amounts, 'seyeral samples were ~ama\'1yzed‘

i

;uccés.sfully in which thorium was eifher the major or minor coﬁétituent. It
tl}ug appears thét 's;mple mixfures -of wide'ly vafy‘ing ra’c(ios can be separated o
providing the colum1n is not overloaded. | |

Although bismuth.a,pd lead are quantitatively e.luted with 6M nitric, acid, !
: bi.smut}.x.(and '1;0 a lesser extent lead) is retained by the column from 2M nitric;
acid leﬁtions. Elution with 2M nitric acid is a praé.t-ical method for separaﬂﬁg :
.bismuth from other fneté.l_ ions including 1e5.d‘.

In Fig. .1, the di}strib.ution coefficients of ‘s<evéra1 metal ions are plotted

as a‘function of loading using 6M nitric acid. The distribution coefficients

P
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show large variations with'.\lc.)'ading. for thorium, but only minor changes: for ‘
 yttrium and iead. In colurr.mls‘eparat‘ions"-with 10-ml.. samples containin_g
0.25 mmole of thorium plus 0.25 mmole of another metal ion, it was found
that breakthrough of the thorium waé\premat\ire. ABy increasing fhe sé.mple
5 :

4 vplume ‘to 15 ml., this difficulty wés avoided. ‘If samples are used which
contain.more than 0.25 mmole of t;hor,iﬁm,j the volume of loading golutioﬂ
-should be increased accérd.ingly; ‘Howeve'r, exce_ssi\;e dilution of the sa}fnple
solution causes tailing of some lelements sepa_raf:eci from »fhorium.and re-

quires more eluent for their complete elution.
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Table I. Elution of 0.25 mmole of Individual Ions from 1.2 x 16 Cm.
Anion Exchange Columns with HNO;

Volume of Sample Breakthrough,. ‘Elution Complete,

Ton Nitric Acid Conc. Solution, Ml. 'Ml,a _ Mmi1.b
Art3 2.0M . .~ 100 | 0 200 .

6.0M | 10 0 75

6.0M 100 0 150

BatZ. 2.0M 10 o 20

- . 6.0M 10 . o - 30

C 6.0M ' 100 0 150

Bit? 2.0M 10 100 . >200

6.0M 10 40 - 210

catZ. 2.0M 100 0 . 50

6.0M 10 0 . 25

cd*? 6.0M 10 0 50

cett 6. 0M ~ 10 ~ 150 >200

Cot? . 6.0M B 10 : 0 | 50

- crtt 6.0M 10 | 0 50

cut?  z.oM - 100 | 0 100

< 6.0M 10 0 20

Dyt3 6.0M 10 o - 100

. Ert3 2.0M 10 . 0 15

. 6.0M .10 S0 20

Fe'3 2.0M 100 0 100

6. 0M R I 0 15

Gat? | 6.0oM 0o - 0 ; 25

Int3 C6.0M 0 0 - 50
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‘Sm

+3

Sr+2

T

U

ph4

+2
ot

+4

<

+6.

Y+3“

Nitric vAcid‘C\onc.
6.
6.

6.

TN N

oSN

oM
oM

oM

. OM
o
. OM .
.OM

.OM
. OM

. OM
.OM

.0M
.OM
. OM
. OM
. OM
.OM
.OM
.OM
OM

. OM

Table 1. (cont. ) ‘

Volume of Sample
Solution, Ml.

10

10

10

10

10

10 .

10

10
10

10

10

100

10

100

100
‘100
10
10

10

10

10

Brea,kt‘hi'ou.g}}, . Elution Complete,
' M1.2 - MLP
0 o 25
0 ‘ 50
0o 50
0 o - 50
150 - > 200
o ."il . o
0 - .75
0 ‘ ‘ 50
20 50
15 : 50

PPT on the colun"m‘

0 . 50
o 100
0 : 20 .
0 ’ 300
125 : > 250
375 . > 450"
> 300 -
50 - . 100
0 . ' 50

PPT on the column '

o ’ 100
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Ion-

Nitric Acid Conc.

2.0M
6.0M-

6.0M

6.0M

Table I, (cont.)

Volume of-Sarﬁﬁlé
Solution, Ml. -

100

10

10

10

0

0 .

Breakthrough,
M1.2

_Elution Complete,

M1.P

‘50
© 50

25

50

20 means that breakthrough occurred in effluent from sample.solution..

b

035

Value given is the eluent r.equired in addition to the sample solution.
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Direct-NAS (4)

Pyridine-pH 6

+4

catl ce’®, cot?

+3

Lut?, Nat3, Nit2

'Pb+2 +3 44

Y 3,Yb3 Znt

cutZ, pyt3, Ert3,

)Sm 9V ’ '

12

“Table II. Analytical EDTA Titration Methods

B(Cu)-NAS (4)
Pyridine -pH 5.5

AlY3, Fet3, Gatd,

In*3, Mo+6

Other

Eriochrome Black T-Direct- NH3-ID

Cat?, MgtZ, Mn*2

Metalphthalein-Direct-NHj-10: Ba“_?*, srt?

Xylenol Orange Direct AC™

B+3 Th+4 La+3

B(Bit3)-3

Redox:UO 2+Z

Qual. only:Sb'3

+6

w v-Sn‘Clz

'Xylenol Orange-Back: crt

035
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B(Th) 4.5, 2r

-Pyrocathechol Violet, -

"
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S€0

€1

[on Pairs
A1+ 3
Tht?

Bat2
Bit3
Bit3
Th+4

Ca+z
Tht4

Cd+i'
Tht

cot?
cot?
THH4

Er+3
. Pb+2

.El'+3
+4

Th

Load in
mmoles

0.
0.

o o

o o

o .

(=]

o

©

o

Table III.. Quantitative Sépa.ra;tions on'l.2 x 16 Cm. Anion Exchange Columns

25
25

.25
.25

.25
.25

.25
.25

- 25
.25

.25
.25
.25
.25
.25
.25

.25
.25

Loading Solution

15 ml. 6.0M HNO;

10 ml. 2.0M HNOj

15 ml. 6.0M HNO5.

15 ml. 6.0M HNOj

15 ml. 6.CM HNOj3

15 ml. 6.0M HNOj
15 ml. 6.0M HNO;
10 ml. 2.0M HNO3

15 ml. 6:9M HNO,

Eluent

Loading +

150 ml. 0.

Loading +

150 ml. 6.

N ‘--Lpading +

200 ml. 0.

Ldading +
150 ml. 0.

Loading +

150 ml. 0.

Loading +
150 ml. 0.

Loading +
200 ml. 0.

Loading +
150 ml. 6.

Loading +
200 ml. 0.

75 ml. 6.0M HNO; -

5M HNO;

30 ml. 2.0M HNO3
OM HNO3

200 ml. 6.0M HNO;

5M HNO3

75 ml. 6.0M HNO;
5M HNOj |

75 ml. 6.0M HNOj ‘

5M HNO;

75 ml. 6.0M HNO;
5M HNO, |

100 ml. 6.0M HNO;.

5M HNO3

15 ml. 2.0M HNOg3
OM HNO;

75 ml. 6.0M HNO,
51\_/1_ HNO3

EDTA Titrations

Theory, Actual,

. ML Ml.
5.13 5.14
4.87 4.87
4.92 4.93
4.92 4,92
5.04 5.06
5.10 5.10
5.02 5.02

5.0L" 5,02
5.10 5.10
5.01 5.01
5.05 5. 04
5.01 5.02
6. 28 6.28
4.87 4.88
4.38 4.39
5.01 5.01

4,38 4.39
5.01 .02

Diff,
Ml.

+0.01
0.00 .

+0.01
+£0.00

+0.02
0.00

+0.00
+0.01

+0.00"

+0.00

-0.01
+0.01

0. 00

+0.01

+0.01

+0.00

+0.01
+0.01

el



GED

ul!

~Ion Pairs -

Fe+3

. +3
Ga, 4
Th

+3 =

La
Th+4

Lu‘j'i
Th™
Mg
Tht?

Mn
Th+4

Nd‘;”i
Tht

Bi+3
] Pb+2
Th+4
. 2

g2
Tht4

Load in
mmoles

0.
0.

o o

[o =)

o o o oo o oo

o

25
25

.25
.25

.25
.25

.25
.25

.25
.25

.25
. 25

.25
.25

.25
.25

.25
.25

.25
.25

Loading Solution

15 ml. 6.0M HNO3
15 ml. 6.0M HNO;

15 ml. 6.0M HNO;

15 ml. 6.0M HNO,
15 ml. 6.CM HNO;
15 ml. 6.CM HNO,

15 ml. 6.0M HNO;

10 ml. 2.0M HNO,

15 ml. 6.0M HNOj4

15 ml. 6.0M HNOj

Table III.

(cont.)

Eluent

Loading +

. 200 ml. 0.

Loading +.

"150 ml. 0.

Loading +
150 ml. 0.

Lda.ding +
150 ml. O.

.Loading +
150 ml. 0.

Loading +
150 ml. 0.

Loading +
150 ml. 0.

Load + 50
150 ml. 6.

Loading +

~ 200 ml. 0.

load + 75

150 ml. O.

75 ml.. 6.0M HNO; -

5M HNO3

75 ml. 6.0M HNO;
5M HNO4

75 ml. 6.0M HNO;

5M HNO,

75 ml. 6.0M HNO,

5M HNO,

75 ml. 6. 0M HNO;.

5M HNO,

75 ml. 6.0M HNO,

5M HNO3

75 ml. 6.0M HNO,
5M HNO3 .

ml. 2.0M HNO,
OM HNO,

100 ml. 6.0M HNO;

5M HNOj3

ml. 6.0M HNOj
5M HNO,

Theory, Actual,
M. Mi.
5. 06 5.05
4.87 4.86

5,01 5.02
5.01 5.01
4.96 4.98
5.01 5.02
4.98 4.97
5.09 5.11
5.02 5.03
5.01 5.01
5.02 5.02
5.01 5.03
5.08 5.07
5.01 5.01
5.01 5.01
4.92 4.93
5.31 5. 30
4.87 4.87
5.02 5.03
5.01 5.00

EDTA Titrations

Diff,
Ml.

-0.01
-0.01

+0.01
+0.00

+0.02
+0.01

-0.01
+0.02

+0.01
+0.00

+£0.00

+0.02

-0.01
+0.00
+0.00
+0.01

-0.01
+0. 00

+0.01
-0.01

14!



GE0

ST

Ion Pairs

vo 2
T h-F 4

vo 2

' ) Th+4-

Uo 2
Tht4
v
Tht?
3.
T

Y+3

i~
Y3
Tht

Yb+ 3
anZ
Th+4
Zr+4 :
Th+4
zo+4 |
Th+4
Zr'-'f'4
Th+4

0.
0.

‘o

o

(=]

o

oo

(=]

oo oo -

. Load in
mmoles

25
25

.05
.45

.45
.05

.25
.25

.25
.25

.05
.45

.45
.05

.25
.25

.25
.25

.25
.25

.05
. 45

.45
.05

Loading Solution

15 ml. ‘6. 0M HNO,

15 ml.

15 ml.

15 ml.

15 ml.

15 ml.

15 ml.

15 ml.

15 ml._

15 ml.

15 ml.

15 ml.

. OM HNO3
.0M HNO,
.OM HNO,
.0M _.HN'O3._
.OM HNO,
. 0M HNO;
.OM HNO,
.OM HNO,
.0M HNOj

.CM HNO,

.0M HNO;

Table III. (cont.)

Eluent

Load + 75 ml. 6.0M HNO,.
150 ml. 0.5M HNO,

Loading + 75 ml. 6 OM HNOj3
200 ml. 0.5M HNo3

. Loading + 75 ml. 6. oM HNO3

200 ml. 0.5M HNO3

Load + 75 ml. 6.0M HNO3
150 ml. 0.5M HNo3

Load + 100 ml 6._01\_/[_ HNO3
150 ml. 0.5M M HNO,

4Load1ng + 100 ml. 6. OM HNO;4

200.ml. 0.5M HNO3 )

Loading + 100 ml. 6.0M HNO;

200 ml. 0.5M HNO,

Load + 75 ml. 6.0M HNO
150 ml. 0.5M HNO3

Load + 75 ml. 6.0M HNO,
150 ml. 0.5M HNO,

. Load + 75 ml. 6.0M I-INO3

150 ml. 0.5M HNO3

Load + 75 ml. 6.0M HNO,

150 ml. 0.5M HNO3

Loading + 75 ml. 6. OA/I_ HNOj .
© 200 ml. 0.5M HNO3

EDTA Titrations .
Diff,

Thebry, Actual,
M. M.
5.04 5.06
4.87 4.88°
1.01 1.02.
8.178 8.79
9.07 9.09

0.98 0.96 -
5.22 5.21
5.01 5.01
5.01 5.03
4.87 - 4.88
1.00 1.00
8.178 8779
9.02 9.01
1 0.98 0.98
4.91 4.90
5.01 5.01
5.04 5.05
5.01 5.02
5.11 5.11°
4.88 4.88
1.02 1.03
8.178 - 8.77
1 9.20 9.21
0.98 0.98

le A
+0.
+0.
+0.
+0.
+0.
-0.

-0.
+0.

+0.
+0.

10.
+0.

-0.
0.

-0.
- 0.
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Figure 1. Effect of loading on batch distribution coefficients.
Conditions: 1.3 gram of anion exchange resin (nitrate form),
metal ion added.to the resin in 50 ml. of 6M nitric acid
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