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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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The extraction of fare earthé, which have somewhat stablé 2{ valehce
(like Eu, Sm, Yb), iniélkali metaIS'émalgams is wéll known (l,2,5,h,5,6).
Relaﬁed methods which’transﬂef these rare earth eieménts into the amalgams
vby the electrolysis of watéf’solutions containing alkéli metals, acetates.
and citrates, is also well described in a number ofbpapérs (1,7,8,9,10,11).

Some of these papers demonstrate‘methods for fhe purification of Yb
or Sm and Eu from neighbof elements, by means of sodium amalgam extraction.
Europiun, Sﬁ, and Yb‘may préférentialiy replace Na in aﬁalgéms, often with
a yieid of more than'50% in one extraction when the other rare earths, which
- have not double valehcés; afé extracfed.(1,2,5,h,6,15,lh) or electrolyzed
4(8 9,10,15, 16) with § 10X less amount. |

With the exceptlon of actinium (17,18) the iitgrature does not -
describe the application'of_these separation methods to the group of actiﬁr
 fides. Some exﬁeriméﬁés were performed,. which demonstrate the éossibility of

using the sodium amalgam method of separation of sdme transurenium elements

This work was performed under tne auspicns of the U. S. Atomic Energy Comm‘ssi

1-
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from the others. The 1n1£1ai:¢xper1mepts used conditions apPliéd"to»lan#hénJ f
"ides ééparations (h,l5,l6).and hay not be the opfiﬁalvféf thé transuranium'v 
eléments separation. ‘Described gelow are some.typiéal'éxperiménts, which
show the possibility of high preferentlal extraction of Cf E and Fm in.

sodium amalgam, or the possibility of electrolytlc separation of Cf, E and i  .
Fm on a mercury cathode in comparison with Pu, Am, Cn, and Bk wnlch remains -
mostly in the original golﬁtion. |

Experimental

The extraction experiments. The " mlxture Y a solution containlng approxi=

23'9PLJ.,- 2h1 An, Ehh Cm, 2520f and eventually 22

mately equal O activities of Es'f

was prepared in 0.5 MHC1 at a level of about 1000 a dpm/QOk total activity

(excluding 252E, whose Q-activity was only 1070 of total a-aﬂtiv1ty) The

2&9

Ehéﬁk solution and l’69Yb solution were preparéd similarly, Bk in 0.5 MHC1,

169

the Yb from natural ytterbium-irradiated in the reactor and dissolved in»

& solution containing 1M M, CL, 0.5 M HCL and ~17 ug ¥o,0; in 5\.  Both solu-
tions contained ~5,000 dpm By/min per 5% and vere measured in a windowless

25 kg 151

Tb, and Dy were prepared in the HILAC by 1rrad1a-

counter. The 2Fm,
tion of 2b'sczn with l20, Sm with ; C, and Ce @ith-l60, respectively. The recoil'.
': of Pm,Tb, or Dy atoms were caught . on a Pt digg,fromlwhichfthéy were washed
‘with 4ON of "o mixture". The sodium amalgam contained 3.5-4.0 milliequiva-
lents Na/ml was preparéd by dissolving small pieces of fresly‘cut-sodium

" metal in the mércury. For'every extfactioh experimeﬁt 20N to LOA of "o -
o ‘mixture” were mixed in 3 ml cone witk S\ of either.169Yb'or 2h7BV solution,

5N of 3 ammonium acetata, 150A 6f ™ sodium acetate and 3N of LaCl3
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4"aolutioa,'cedtaining 306'pgm‘LavO~t To this mixture wefe added bﬁ‘sho“t
vspitzer every 1 min ~ 50% of sodlun amalgam from a second 3 ml cone, al-
together 250N of amalgam vere added in 3-4 portlons. -The amalgam and tracer-.
’-"d containing sodium acetate solution were mixed intensively by sucking in and
out of the spitzer'(h0—56 times.during L minutes). Foamiag and hydrogen |
evolution occur on introductioh of the first pertion of amalgam, but by the |
fourth the. foaming usually stops and a precipitate of La(OH)5 appears in the
'solution. After h min of extraction the nercury vas separated from the
.'otiginal solution and washed twice4with 300N ef M NHuQH. The extracted
,:“ _elements wvere back-extracted ffom the mercury into LOOA's of 6 M HCL.
After thae solutiorn was neutralized to.th (methylred.indicator)'the activi-
} ties ﬁere plated‘oat on a Pt disc. After waahingdand flaming, the Pt disec
was analyzed for p-activities in a windowless ceuntervand for -activities in
ian Q-grid chamber in connection witﬁ a>200'channel analyzer, which identified
\'the amounts of lll'9'I'b, 151@y, 259Pu, zn;Am,_ehqu, 252Cf_,‘255E, and 252Fm.
The original amounts before exttactioh of the various elements were deter-
mined in a similar way usihg 1/10<0f the erigiAal sodium acetate-tracer

kg 151

Tb and Dy), these iso--

1ivsolution. In the case of short lived 1sotopes (
;:4topes were identifled by a-energy‘and half-life measuredents and usually
| the sample from extraction'was measared along‘with the original solution
' " 'simultaneously onvtwd grid Q-chambers connected with two 200 channel pulse
analysers.

The La(OH)3 which precipitated at the end of extraction and con- |

~ tained most of'the nonextracted actinides end rare ea;ths,'was usually



mixture was diluted before electrolysis with 200N of H

analyzed similarly for its content of nonextracted isotopes, to obtain the Sl

','lt'* ‘total balance of - radioactivity . . .

The electrolytic experiments. For electrolysis, the same mixture was used

“: as in the sodium amalgam extraction, or else the 5N of 8M ammonium acetate

Y

. in this mixture was replaced by SN of tertiary sodium citrate which was < .ot

| 0.°M in Na . as it'is mentioned in the last column of Table II. -This

2O and QOOK of ﬂi

" sodium acetate to 6OQK of electrolyte. A glass tube with a cross-section ARR

~1 cm2, with Pt .contact at the bottom, covered with 600% of pure polaro-

~ graphic mercury vas used~for electrolysis. Above the mercury vas 600N of

" electrolyte and a Pt anode with a single spiral of ~3 mm diam,_dipping ~2 mm o
in the electrolyte. All electrolyses were performed on air. The electro-

. ‘lyzer was gently shaken during electrolysis to help mix the electrolyte. |

"'l During electrolysis the electrolyzer was immersed in a beaker containing

water at 15°C. The electrolysis was carried out for 30 min at a potential of”

5 V and a current of 20-25 mA~dc. At the end .of electrolysis the steady -

' bubbling of hydrogen from the cathode indicated the presence of sodium
'p amalgam in the mercury. After electrolysis the mercury was separated from

‘the supernatant solution and treated exactly the same way as the mercury =

after sodium extraction (i.e., washed 2X with HNhOH, decomposed with HCL,

' . neutralyzed,and electroplated),
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Results and Discussion

Table T presénts'a sﬁmmary of the sbdiﬁm aﬁaléam é#fractioﬁ‘eﬁﬁéri-'
'megts.;'Cohditions were identical eXcebt fof the addition df various amounts
6f<HCl to the solutiogs juét prior to édding the amalgam, és(noted'in the
vlgstvcolumn of Table i, .The-initial pH waS'6.057.0, withput'anf addition
of HCl; with the addition of the TS5\ of 3MHClthe pH dropped only to 5.0-
6.0. Lérger amounts of hydrdgen were éyolved from the more écid solutions.'.
| In all ceses the final pH‘was >10-11 aﬁd a clearly visible Precipitate of;
1a(OH)3 appeared. | ( | |

The data\of Tablé I ciearly show that Cf, E, and Fm are extracted
with sodium amalgam very similarly to Yb (and the other 1ahthanides which
exhibit’2+ valency). The actinide hoﬁologs of Sﬁ and Eu - Pu and Am- are
extracted poorly (< 10%), relative tlo Yb .an‘d.Cf, but &;omparably to the light
lanthanides, like La, Ce, Pr, and Nd (14).

Berkelium‘is the least extracted éf the actinidés tested. In this'
" respect it resembles terbium, which Shows_very low~extraction; However,

dysprosium, thevlanthanide analog of Cf shows‘very low extraction in the

v - same experiment in which Cf shows high extraction, ~1000 times better than

Dy, and close to.Sm or Eu in the lanthanide family. Coﬁments in the literg-
ture (1k) about nonextractibilify bf all heavier lanthanides, starﬁing from
| gadolinium (with exclusion of fb) and the Onsott's work (10) concerning the S
' verylslow electrodeposition -long after Yb aﬁd Tb-of Dy, Ho and Er (in the
L\;séme sequence), indicates fhat Ho aﬁd Er should be less extractable than Dy. -

. However, the actinide analoges of Ho and Er, the elements E and Fm, are



extracted even better than. Fb as shown in Table I.: The results of four 17{

Sl 6 vtk

electrolytic experiments are shown in Table II below. Experiments 1 and 2 .;IffIt'“

7 were performed with the addition of 5K of 0.0N tertiary sodium citrate,

3. 8nd k. were done with the addition of 5ox of 3MHCL to the original mix-j‘

k_iture. La(OH)3 precipitation was not observed in experiments 5 or h

The results in Table II are very close to those in Table I. The

-fridata are compared in Table II1 (mean values from Tables I and II). The

B yields relative to californium are observed to be the same to. within less

than a factor of-two,-when compared with the more acid extraction experi-'f o

fi_ ments. The main result — the preferential extraction of Cf, E, and Fm '

:with ~10 times enrichment, relatively to Pu, Am, Cm, and Bk, in one extrac;.'l
, tion step, was observed in all experiments. |

‘ Conclusion
The results in Table I and IT show that Cf, E, and ijéouis be
.f extracted or separated by electrolysis about 10-30 times more efficiehtly'”
© than lighter actinides. B - |
| | Both“kinds‘of.experiments.presented above are verv similar to the.

known results with preferential extraction in sodium amalgam-(é,3,4,5)‘or"l

'ﬁf_preferential electrolytic separation on mercury cathode of double valent

" rere earths, Sm, Eu, and Yb (15,16).

a Several authors (15, 16) explain this preference in electrolysis

tf,_by'a mechanism in which they suppose that probably first the Yb,'Eu, and Sm h

‘"¢ are reduced in 2+ state, before the preferential electrolysis occurs,

' if'It seems logical to- expect therefore that in the family of actinides Fm, E,

~
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 Ao;‘éf may.fofm a {2 valen%é,.€ifwill be most interestiﬁgitb ex£eﬁd the'aﬁov;”'u
.upresehted extraction and élec£fol&sis ex@efiments_to,Mv.and No, or to the |
lovwer actinides, to know moré gﬁout the amalgamation, eventﬁaliy aﬁoutifhg'"
.tendency to 2+ state in whoie'actiqide family. The expérimeﬁts in.this_:

direction are now in progress;, ‘ L =v . .
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| o . Sodium Amalgam Extraction -. -
S of Lanthanide and Actinide Elements

Element _~lh9Tb Yb 239Pu 2h;Am Quhcm 2ko
9 Extracted . . - oo st o R o
and ratio toﬁ_JTjH93{ Tf; e -
. Cf.extracted . .. . .1 - U T A oo

. in Exp. No. .. 07 s O

Bk 252Cf 252.E _ %2 Y

- \

g o0

a.og il .o 29 M9 3.3 L5 - kO e e |
© Retiotocf . . 0.7250.125 0.082 0.037 - 1.000 il DD

— “2; g - i o33 2.3 2.1 1:8"?f“1;:“‘5'7u5 'i:1f;;_!*ff790”;tijf;;;ﬂj}:" '
Ratio to'Cf ---  ---  0.732 0.051  0.0h7 0.0k0  L.00  2.00 S

8-

~ Ratio to Cf i 0.0k 0.040 0.039 0.013 1.00 1.4 --- | |
R TR . ":\.7_;.if;‘;;: - 56 : 3.3 5.3 0.9 51 f, s . 5onof 3M HC}. o
" Ratiotocf. s i S . - 0.1 0.065 0.065 0.018 1.00 0.98 - oo
5. 4 eem e el 67 ST Tl 1 60 61  --- 50n of 3M HCLl |
~ Ratio to Cf e 0.112  0.090 Q.o68vf.o.023_ 11.00. 0.98 L o R
6. % - 015 - 62 51 3.0 2.6 o -e- 68 oo -l Syof 2MHCL
" Ratio to Cf 0.0022  0.91z° 0.075 0.0 0.038 200 .. oo oo
7. % . 0 0.4 Ze- 53z L5 2.3 il 50U aoo oo 5% of 2 HOL
" Ratio to Cf 0.0028 " - 1.06 0.0k 0.030 p;dhérﬂr' o d00 .
8. % | e 0.06 50 6.9 7.9 5.7 --= 95 _-io oo’ 75\ of 3MHCL -
Ratio to Cf  °  0.0006 0.526 0.179 0.083 0:960'! w000 T f T R
9. % . . —e- - 0.06 53  16.3 7.7 5.3 . === ~100 - oo~ =e= 5\ of 3M HCL
" Ratio to Cf 0.0006 ©0.530 0.163 0.077 ©0.053 , . 1.000 - i

. HSGLT-T0Nn | -
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Electrolysis of Lanthanide and Actinide Elements = .
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" extracted -

Comparison of Sodium Amalgam Extraction and Electrolysis of
Lanthanide and Actinide Elements o .

" Blement - T Dy Yo . P Am . Cm . Bk Cf "E Fn.

+ elements

"~ mean value

“ .. mean value

" from ©0.0025 0.0006 ' 0.748_ 0.102" '0.062 0,050 0.018 1.000 0.98 1.73 .
extraction " o Lo R . A S

1
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electrolysis ‘ ’ : ’ T .

. [




11.
12,

13.

1,

15.
16.

17.

18,

“H. N..McCOY, J. Amer. Chem. Soc., 63, 1622 (19&2)

 J. K. MARSH; J,-Chem;‘Soc,,'B‘(l9E3);

: References.,

i

'J. K. MARSH, Je Chen, Soc.; 398 (19&2)

. J. K. MARSH, J. Chem.vSoc., 523 (1942).

- J. K. MARSH, J. Chem. Soc., 531 (1943).

T. MOELLER, H. E. KREMERS, Ind Eng. Chem. 17, 12, Analytical Chem,
798 (1945). ,

H. N. McCOY, J. Amer. Chem. Soc., 63, 3423 (19&2)
" E. I. ONSETT, J Amer. Chem. Soc., 1, 2129 (1955).
. E. I. ONSETT, J. Amer. Chem. Soc., 78, 2070 (1956).

1'E, I. ONSETT, J. Amer. Chem. Soc., 81, k51 (1959).

D. I. RYABCHIKOV, YU. S. SKLYARENKO, N. S. STROGANOVA, Zhurn. Neorg.

, Knim, (USSR) 9, 1954 (1936).

J. K. MARSH, Inorg. Synthesis V, 32, McGraw Hill Book Co., New York,
Toronto, London, 1957.

M. F. BARRET, D. SWEASEY, N. E. TOPP, J. Inorg. Nucl, Chem., 2k,
571 (19%62).

M. F. BARRET, D. SWEASEY, N. E. TOPP, J.‘Inorg. Nucl. -Chem., 25,

© 1286 (1963).

V. P, -SHVEDOV, FU I-BEI, Radiokhimiya II, 1, 57 (1960).
V. P. SHVEDOV, FU I-BEIL, Radiokhimiya II, 2, 231 (1960).

G. BOUISSIERES, M. HAISSINSKI, Y. LEGOUX, Bull. Soc. Chim. de France,
1028 (1961). ‘ -

F. DAVID, G. BOUISSIERES, Bull Soc. Chim, de France, 1001 (1965).

S el



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

--~As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








