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ABSTRACT

This paper presents extraction yields of radium, lead and the actinides
from Ac through No, with sodium amalgam from 7 M sodium acetate solutions.
"The extraction yield is shown to depend upon the amount of HCLl added to 7 M
sodium acetate solution before extraction. Californium, einsteinium, fermium,
mendelevium, radimﬁ and lead are extracted with high yields (75% to 100%
| relative to Cf), while the lower actinides, Ac, Th, Pa, U, Np, Am, Cm and
Bk are extracted with low yield (below 10% relative to Cf). The addition
.of oxidizing agenﬁs such as H202 or HNO3 before extraction strongly sup-
'presses the extraction, except in the case of lead. Investigation of the
extraction behavior of all actinide elements (excepﬁ' lawrencium, which has no
isotopes suitable for conventional chemical study) and a survey of the litera-
ture of the extraction behavior of the lanthsnides show cases of uncorrelated
extraction properties in both series. On the whole, however, high extréction
yields corfelate with independent evidence for the existence of a dipositive
oxidation staée in the lanthanides and suggest the possible formation of this

oxldation state in californium and heavier actinides.

* v
On leave from the Institute of Nuclear Research, ReZ near Prague, Czechoslovakia.
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INTRODUCTION
Methods for separating from rare earth mixtures, those lanthanides
AV‘whlch have a Well-characterlzed 2+ ox1datlon state (Eu, Sm, Yb) by extractlon
(1-11)

with alkali—metal amalgams are well known.

? extracted from other rare earths with sodium amalgam from acetate solu-'-'.

Europium, . Sm and Yb may be S

. tion(z 5,7) with yieldd between 50% and 1007( -5,7) as compared with ylelds t_ﬂ;'“ '

B of less than 10% for other rare earths. The heavy rare earths (from Ga to

(7)

" Tm) are practically not extracted.
' The first application of this separation method to the actinide series’ -
was the extraction of Ac, Pu, Am and Cf from HC1 - 0.03 M sodium citrate

solutlons (12 13)

Recent results are reported in Ref. 14, The extraction of
- Pu, Am, Cm, Bk, C, Es, Fm and Md from 7 M sodium acetate with sodium amalgam

shows unexpectedly high yields of Cf, Es, and Fm, while Pu, Am, Cm and Bk were -

extracted about 10 times less efficiently, similar to the higher lanthanides. ' -

In this paper the results of simultaneous extractions of 223Ra, 211Pb,4227Th,
. 238U, 237Np 239Pu 21+lAm'and 2520f are shown to exhibit a dependence on the
| .amount of HCl added before extractlon, or on the presence of oxidants ( 2 2

2Lk

or HNO,). The yields of 239y, 2%cm, 2%%cr, 293gs ana 27%No (with ~4 min

half life) on extractions carried out as descrlbed in Ref. 14 are also glven._

(14,15)

The results of this work, together with previous results, permlts the
presentation of the mean extraction yield of all actinides from Ac to No and
a: comparison Of this curve with a similar one for lanthanide extractions. The

results are interpreted in.terms of. the tendency to form the 2+,‘oxid'ationj

state in both series.
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. EXPERIMENTAL

- The choice of radioisotopes and the production of‘ZSENo

The extraction behavior of the actinides, Ra anvab,:was'Stﬁdied by

using an "o mixture" in 0.5 M HCL consisting of

: :238Uhf, 23#Npu+ and isotopesjof the 231Pa series (

219Rn and 215 lePb2+ with‘leﬁi)-

. .+
?23Ra2 with Po, These isotopes were
present -at approximately equalx.activities, and for one experiment
~ - 20 A of @ solution giving about 100 detectable @ counts/min of each radio—_:"

‘isotope was used.

In the study of nobelium about 20 detectsble Q counts of 277No, cewght

on a platiﬁum catcher plate from a gas jet were used for each experiment.a '  '

okl 16

" After a 10-minute- target irradiation of Pu with Olto'give 255No in the ,:'

HILAC (as described elsewhere),(l6) the 227No was dissolved on the catcher
foil, using 5 A of HCl and sodium acetate solution containing tracer
+ + ) : '
2Ly 3¢ 2hhe 3 25203+ g 25353% ) qmis "No mixture" was used for

© extraction directly from the plate, as explained later.

Extraction and electroplating procedure for runs with the "o mixture"

For every extraction experiment 20 A of "O mixture" were mixed in a -

 3-ml cone with 5 A of 8 M ammonium acetate, 150 A of 7 M sodium acetaté,'and_3»

.3 A of LaCly solution, containing 300 pg Le,0s.

- sodium amalgam were added from a short spitzer (pipette), in 3 or 4 portions

about a minute apart. The amalgam and tracer-containing sodium acetate solu- :

tion were mixed intensively by suék@ng in and out of the spitzer (40 to 50

times during & min). Foaming and hydrogen evolution occurred on introduction

239Puh+, zh;Am3+’_zsch3+,i_;   

To this mixture 250 A of -

5

231Pa5+’.ag7Thh+’ 227Ac3+;fi,;;

239Puh+,‘ RO
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.of the first portion of amalgam, buf by the fouréh the foaming usually stopped
andva precipitaté of La(OH)3 appeared in the soiﬁtion. After 4 min of
extraction, the mercury was separated from the originél sqlution and washed
tﬁice with 300 A of 6 M NHuOH. The extracted‘elementS'were back-extracted

_ from the mercury into 400 A of 6 M HCl. After the solution was neutralized
to pH 4 (methyl red‘indicator) the activities wefé piated out on.a Pt disc,‘
flamed and counted by O-pulse analysis. The electroplating was performed
from.~; ml of 3 M NHuCl solution. The cathéde'ﬁas a Pt disc of about 1 cm2
surface area. Electrolyéis was continued for about 10 min at a'current'of
about 500 pamp and an applied potential of 5 v; For better eleétrodeposition
of Ra, 100 A of a saturated solutién of amhonium oxalate were added to the
NHuCl solution, The ext;action yield Qas measured by comparison with the
same amount of "O mixture" electroplated directly on the platinum disc.
Electroplated Pb, Th, Pa, U, Np, Am, Pu and Cf were compared to the various
activities measured after direct evapération of the same volume of @ mixture.
Yields of 50-100% were observed in the plating of all elements except radium
for which the yield was only 10-20%. When the ammonium oxalate was not

present, the plating of Ra dropped to only ~5-10%.

Extraction of nobelium with sodium amalgam

A micrdé-modification of the extraction method described above was used

for nobelium., Five microliters of tracer solution in 3 M HCl were placed on
the catcher plate on which 255No had been collected. The droplet was spread

.and stirred for 10-20 sec to diésolve the No; 10 A of a solution 7 M in



b | , UCRL- 17987

3+

sodium acetate and 0.26 M in gmmonium acetate cdnﬁaining‘lolug La” were then
added. After an additional 10 sec of miXing,Alﬁ A of sodium amalgam (3.5 milli-
. gram equivalents §f Na/ml) were added and mixed on the surface of the Pt .
catcher foil for 1 min., The mercury phase which adhered to the pléte Qas
washed successively wi£h a stream of 6 M NHAOH, water, and fhen alcohol, for

-5 sec each, with mixing. The mercury was driven offbby heating with a flame

and the plate counted in an O-pulse chamber. Usually the start of counting

was within@.5 minfrom the end of bombardment.

Q-pulse analysis and errors of measurement .

Counting was done with a standard grid C éhamber, éonnécted with an

. O-pulse analyser. In the-experiménts with nobelium four successive 3-min

" counts were performed; "o mixturef counté'were for one or two 30—minute (o;
"longer) intervals. The O spectrum 6f the "o mixture" before extraction is
shown in Fig. 1. Yields before and after extraction were'compuﬁed from the;
sums 6f the @ counts in 6 or 10 channels near cﬁaracteristic o peaks in the
spectra. _

‘ Aslshown, the spectrum exhibits good feSolution, except for 227Th and
252Cf, especially after extraction. The usual counﬁing error was ~5% to 10%,
but in the case of 22Ty, (and also 227Ac) it was 30-50%. The relative error
in repeated measurements of the same quantity was usually within *50%; in the
case of 227Th; reproduéibility was *70%. By taking the average of two to
four resulfs, thé relative errors were reduced to about *30% and *50%,

respectively.
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Chemicals
The sodium amelgem, containing 3.5 to 4,0 milliequivalents Na per ml,
was prepared by dissolving small pieces oflfreshlyhcut'sodium_metal in

mercury. Chemicals used were "chemically pure" grade.

RESULTS ’ ’

Extraction of No and heavy actinides

Extraction conditions were siﬁilar to thése described for experiments
8 and 9 in Ref._lh. Results of a typical expériment which compares the
tracer mixture (aj_wiﬁh the extract (b) are shown in Fig.‘Zl ‘The separation
of Es and Cf on the one hand from Am, Cm and Pu on the other, is good with a
separation factor =10, in a total time of 2.5-3.0 min. All eitraétion ddta
(including 27'séparate expe?imenﬁS'with No) are summarized in Table 1 along
with comparative dafa from Ref. 14. Comparison of extraction ratios found
in.the present waﬂxwith those from Ref. 14 shows good agreemenﬁ for Pu and
Am, but substantial variation for Cm. The extraction of No is lower than Cf,
but substantialiy higher than that of lighter actinides. In Ref. 16 it was |
found that No exhibits a stable 2+ state in solution, with basic behavior
similar to ?a?+ or Sr2+. This explains the lower extraction yield of No,
f which resembles the extraction yield of Ra rather than Cf. |

*

Extraction of lower actinides, radium and lead

The "& mixture" was extracted by the same procedure described above.

Conditions were identical except for the addition of various amounts of HC1l
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to the solutions just prior to adding the amalgaﬁ, as noted in Fig. 3. The
voiume of added HCl was in all cases 75 Aj; the concentrations used were
0.5M, 0,25 M, 1 M, 2 M and 3 M. The initial pH was 6.0 to 7.0, without any
addition of HCl; with the addition of the 75 A of 3 M HCl, the pH dropped
omly to 5.0 to 6.0. Larger amounts of hydrogen were evélved from the more
acid solution. In all cases, the final pH was 10 to 11 and a clearly
visible precipitate of La(OH)3 appeared.

The data of Fig. 3 clearly show tﬁat Cf, Ra, and Pb are extracted with
sodium amalgam with very high yield, similar to - Yb and the other lanthanides
which.can exhiﬁit 2+ valency. The actinide homologs of Sm and Eu--Pu and
Am--are extracéted poorly (~10%) relative to Cf, but comparably to the iight

(11) The results in Fig. 3 are pre-

lanthanides, like;La, Ce, Pr and Nd.
sented in terms of the ratio of yield to ﬁhe yield of californium ("californium
number§?) in the same'experimentvin Fig. 4.

Figs. 3 and 4 show that Pu4+ is extracted best affer-Cf’(O.lZZ of Cf

yield), Ac3t and Am3* somewnhat less (0.099 of Cf yield), UM ana 't still

less (0.077 to 0.060 of Cf yield), and Pa5+'least of all. From Fig. 3, it
appears'that the peicent extraction of Ac, Th, Pa, U, Np,‘Pu, Am and Pu is
approximately linear with the amount of HCl added; the yield approximately
doubles for every 100 A of added 1 M HC1l (or for 0.0001 milligram equivalgnt
of evolved £ydrogen). However, the extraction values for only 4 A of added
HC1l are substantially higher than for 20 A. The reason for this effect is‘
not knownj;. it may be connected with the rapid increase in pH near the

" beginning of extraction. The reaction of the amalgam with NHu+ present in

extraction solution (from 5 A of 8 M N, acetate):
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NaHg, + ﬁHh+ — 5 Na o+ XHg +'NH3 +1/2 1,

raised the pH more rapidly than the reaction withlﬁ+ present in more acid

solutions. ' v i | | _ -
Bowissidres et al. (12713) Ghsorved nigh yields of Ac, Cf, Pu and Am

and very low yields of Pa and Th by extraction with lithium amalgam from

0.03 M sodium citrate solution wiﬁh HC1 additibn iﬁ the'rangé between pH = 1

to pH = 8 or 11. This behavior différs substantiallylfrom that found in the

wbrk reported here using acetate solution with HC1l addition in a pH range

(2-11)

6-11, and sodium amalgem extraction. In other work carriéd out under
conditions similar to ours it was found that Sm is the most extracfable
element (see Fig: 6). Réf. 12, on the contrary, indicates that Sm is less
extractable tﬂan Eu, and ih the pH range 6-11, sbout 5-10 times less. Similar

(12,13) indicate that La is extracted with high &ield (more than

_experiments
Sm at pH 2-3) as are Ac and Cf. Other results (see Fig. 6), however, confirm
that under conditions similér to those used in the present work, La is poorly
extracted. It would seem that extractions using sodium émalgam and acetate

solution are not comparable to those using diluted citrate solutions and

lithium amalgam.

Dependence of extraction yield on amount of evolved hydrogen

2
Marsh( ) first suggested an explanation for the high yield in Eu, Sm

and Yb amalgam formation in terms of a two-step reaction in which these
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elements are first reduced to the 2+ state and then extracted by an exchange
(in Hg)

reaction similar to the alkaline earths, Me?t + 2Na ——> oNa' + Me metal(in Hg). - -

This suggestion is supported by other workers also.(7’9_ll) In the work
reported here, the extraction yields were checked under conditions of extraction

where the "o mixture" contained the oxidants,'HNO or H,O The extraction

3 272"
was performed using thé same concentration of H+ in sodium acetate solution
and the same procedure as when no oxidaht was present. Four extractions
were carried out in the presence of oxidants (15 Aof 5 M HNO3, 5Xof 5 M
HNO,, 34 N of 3% H,0, and 7 A of 3% Hzoz) and one extraction without
oxidation. In all 150 milligram equivalents of H+ (HC1 or HC1 + HNO3) were
added before extraction to a 7 M sodium acetate solution of the "o mixture."
' The results are shown in Fig. 5. It is ciearly evident that the addition
of dxidant drastically suppressed the extraction of all elements, with the
exception of Pb2+. Hydrogen evolution was nét observed when 15 Nof 5 M
.HN03 or 3% A\ of 30% Hzoz were present, In'both cases reduction of the
oxidant can consume 600 micromoles of H+ in comparison to 230 micromoles H+
added. Suppression of the extraction yield was approximately the same for .
all elements from Ac to Cf. Cf in the presence of HZOZ was still extracted -
about 10 times better than the other actinides. Different re;ults were

observed in extractions in the presence of only 5 A of 5 M HNO, or 7 A of

3
30% H,0, (consumption of only 120 micromoles H'). In the case of 5 A of
5M HNO3, the suppression of the extraction was substantial; in the case of
7 A of 30% H,0,, only the yield of Ac was suppressed substantially, while

. . 3 + +
the yields of U and Np (oxidized to U022 or Np022 ) were slightly increased.

It was remarkable that the Ra yield was also suppressed by the presence of
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oxidants. The conclusion from these experiments--the strong suppression of
extraction yleld when no hydrogen is evolved--and also, the lack of effect on
the yield of sz (which exists as such even in the presence of the oxidants)
strongly supports Marsh's suggestion, that fifst the.3+rions are reduced to
2+ and then are easily extracted. The same effect was observed qualitatively
in the extraction of ~500 pug of Yb from a solution containing 15 A of 5 M HNO3,
added to 7 M sodium acetate. The green color of Yb2+ was not observed and Yb
was not recovered from the amalgam. A parallel-éxperiment in the absence_of
HNO? Showedvthe-gréen color of Yb2+ in solufion duriﬁg the extraction and
~50% .of the Yb was recovered from the amalgsm by’treatméﬁt with HC1 and sub-
seguent frecipitation of Yb(OH)3 with kOH. 'The stronger suppression of

- extraction by HNO_, than by-Hzozwsuggests that the reaction of nascent H with

3

HZOZ is probably slower than with HNO3.,

Californium numbers

From Fig; 4 it mey be seen that féaliforﬁium numbex" (yieldg relative
to the californium yield) for the actinides remainsfappfdxiﬁately constant
over the whole-range of added HCl. This shows that the "mean californium
number" (mean value from Fig. 4) may be usedras a base value to define the
extraction behavlor of other actlnldes.- Table 2 shows these 'mean californium

numbers" from the present work (column l) and from the precedlng work (column
2) and also (in parentheses) the number of 1nd1v1dual experlments used to
calculate them. Weighted mean values from all experiments are given in

column 3.
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Californium numbers for No, Md, Fm and Es are less reliable than
the valués for other elements, since they were obtained for onlyvbne or two
volumes of added HCl. Hence, as shown in Fig..h, this can iead to X50%
errof in the californium number. However, tﬂis will not affect the cléssi-

fication of these elements as highly or poorly extractable actinides.

DISCUSSION

The dependence of the fcalifornium numbersf on atomic number is
plotted in Fig. 6 for all actinides from Ac to No; and the plot also includes;
Pb and Ra (lower scale). On the figure (upper scale) are plotted the mean
-4"Californium numbersf calculated in Table 3 from the experimental results
~reported in Refs 2 and 11, which give relatiﬁe extraction yields of La, Ce,
Pr, Nd, Sm, Eu, G4 and Yb, Upper limits for the extraction of Ho, Er, Tm
and Lu were taken from Ref. 7. The experimental'work.was perfofmed similarly
to the-measureménts made in these laboratories for Dy (the authors of Ref. 7
show zero extraction yield for Tb,'Dy,'Ho, Er, Tm and Lu). The percentage
yields of the lanthanides were recalculated from the data given in Refs. 4,
7 and 11 by using the value 0.748 for Yb as measured in this laboratory (see
Table 2). Cpmparison of the curves for the lanthanide and actinides reveals
obvious differences in extraction behavior. The lanthanides exhibit high
extraction yields (Cf number = 1 or approximately 66% of extrdction) at Sm
and Eu in the light lanthanides and at Yb in the heavy lanthanides. The
actinides give one broad peak from Cf to No, and possibly a slight maximum

between Pa and Bk. However, this maximum is about 15 times lower than the
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maximum of the heavy actinides at Fm. The'extfaet&en yields plotted in
Fig. 6, which have californium numbers above 0;70,'indicate'that these

elements - ha&e 2+ states-in»solution'which are relativeiy more stable in

the solution than the others which have low extraction yields. This cor-
v,reiation is well established in the lanthanide éeries, where the least negative
3t 4 e-———%"Me2+"couple are for Fu (-0.43 v),(l7)

values)(lS)

reduction potentials for the Me
Sm (-~0.9 v)(l7) and Yb (-0.58 v<17) or -1.15 v calculated from AF,

" and correspond to maximum extraction into Nang; as shown in Fig., 6. The

+
3 te—— Me2+'couple

reduction potentials of all other lanthanides for Me
are very close (within +0.1 v or below) to the reduction potentials‘for
Me3" + 3e — Me couples, as shown in Refs. 19 and 20, and indicate that in
.‘this situation the extraction yield is low. The experiments withbthe actinide
series summarized in Fig. 5 along with the experiment with macroamounts of
Yb.show the extraction yield probably is related to the presence of the.
extracted element in the 2+ state, after addltlon of Nang to the "a mixture"
solution and strong nascent hydrogen evolution.

The results with Md indicate the formation of Md2+, with a reduction

(15,21) for the a3t + e = Md2+ couple; those with

potential of about -0.1 v
. A a3t , 2+ . .
nobelium indicate the No” + e = No  couple has a reduction potential of
about +1.2 v.(lé) Fig. 6 shows that the californium numbers for Ma (1.02)

and No (0.74) are the same or higher than for Yb (0.748) and that these three

: 2+ 2+ 2+
elements probably form relatively stable Yb , MAd and No ions. The

californium numbers of Cf (1.0), Es (1.12) and Fm (1.73) are higher than the

number for Eu (0.768) or Sm (0.895), which definitely form EuCl, and SmCl,.

It seems very probable, therefere, that solid CfClz, E3012 and FmCl2 as well
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as other divalent compounds of these elements can be prepared. Comparison of
Al

oxidation potentials and extraction yields in the lanthanide series (for Eu,

Sm and Yb) and the actinide series (Md and No) suggests that the oxidation

potentials of Cf, Es and Fm will be below the oxidation potential of the

24
Sm3 + e

4 SmZ+ couple, and that CfClz, ESC12 énd FmCl2 will bebmore
stable in aqueous sclution than SmClE.

From the theoretical point of view, it will be very interesting to
perform the extractidn experiments with Lw, to be able fo compare'the_complete

(22)

actinide and lanthanide series. According to the Seaborg actinide hypothesis,
’ . . _ S22+ e o 2+

the end of the series occurs at Lw, and No~ 1s the dctinide analog of Yb~ .

Then Lw should be strongly trivalent and its extraction yield should drop

substantially in relation to No. This experiment would be an interesting

test of the Seaborg actinide theory.
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SODIUM AMALGAM EXTRACTION OF ACTINIDE ELEMENTS

Table 1.
Eitracted 2l 223Ra 222n 23%, _ZhlAm zthm 252Cf 2535, ‘255No Exgracthn Number
, o : : ime of Runs
% Extracted ©  --=  --=  -e- 8.2 51 - 5.9 L7 59 35  1lmn®
. ‘ g _ T , . _ a7
Ratio to Cf - —— -—— --- . 0.179 0.109 0.126 1.0 1,26 0 0.7k '
| ¢ Extracted . 72.5  30.8 12 . 6.2 10.1  --= 3.7  --= + --= 2 min®
B . : _ : . , L l
Ratio to Cf 1.01  O.k2k 0.134 0;072. 0.12  --- 1.0 --- . ---
% Exfraqted 85.5 k6.2 7 16 5 11.0 —ee %65 --- - 4 min
- 2
. Ratio to Cf 0.89 0.48 o. 073 0. 171 0.119 --- 1.0 R -:- .
% Extracted(l”) ——- - -—- 6.6 7.8 55 97.5 @ --- -—- 4 min
(1h) - R N SR 2
(mmm D ~0.170. 0.08  0.0% 1.0 -——- -—-

aFlanged on ~plfaa:l:_e .

e b_Electroplated.

..g-[ -

Lg6LT-T¥0n
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Table 2. THE "CALIFORNIUM NUMBERS" FOR Ra, Pb AND THE ACTINIDES

Element

This Work

Ref. 14 -

Mean value

et

+
Ra?

Ac3+

Pa5+
Uh+
: Nph+
Puu+
'Am3+
cw3t
St
oedt
Es3+
FmS
Ma3*

N02+

Yb

Tb

Dy

1.72 (12 exp.)

0.72 (10 exp.)

0.095 (12 exp.)

0.061 (12 éxp.)-

0.013 (12 exg.)
0.077 (12 exp.)
0.060 (12 exp.)
0.122- (12 exp.)

0.094% (12 exp.)

1.0 (12 exp.)

a
1.26 (2 exp.)

(15
1.02 22 exp. )

" 0.74% (2 exp.)

0.102 (9 exp.)

0.062 (9 éxp.)

£ 0.050 (9 exp.)
" 0.018 (3 exp.)

1.00 (9 exp.) |

0.98 (2 exp.)

1.73 (2 exp.)

0.748 (6 exp.)

- 0.0025 (2 exp.)

- 0.0006 (2 exp.)

l.72

0.72

0.095

L 0.061

0.013
0.077
0.060
0.113
©0.080
0.050
0.018
1.00
1.12
1.73
1.02

0.7h

0.748
0.0025

0.0006

aStatisticallyvz'? duplicate experiments with the small amount of nobelium used
in each experiment is equivalent to two experiments with the other elements.
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Teble 3. THE "CALIFORNIUM NUMBERS"® FOR: THE RARE EARTHS

|

Réf. 10 Ref. 2 o Ref. 7 ‘Mean
Californium
Numbers
a3t o33k . o.ezl  : e o 0.278
ce3t 0.207 0.213 - 0.210
pr3t 0.207 0.101 - 0. 15k
w3t - o 0.081 R 0.0%
pm3t L “ _— | P o —_—
sm3* 1.05 Coueh e 0.895
w3 o6 | 0.7hO SRR 0,768
e e . 0.0015 - o006
_ Ib3+ B e ee R 0.0025
3t o | — . : 0.0006
3t - = <o.002. . <0.002
Erst --- oo <o0.002 - <0.002
3" . _— <0.002 - <0.002
wt - o8 o.M - 8 0.748  0.748
wt o R— < 0,002  <o.002

Callform.um numbers for extraction of lanthasudes by sodium amalgam recal-
culated from extraction yield values. The mean values for Yb, Tb
and Dy are taken from Table 2.
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FIGURE CAPTIONS

1. o spectrum of "o Mixture." The energies (in MeV) define the peaks

‘used for the determination of the yields of the elements U, Np, Pa, Pu,

Am and Th in the extraction. For the Cf determination the 6.1l MeV peak
and the SF peaks were used as a double check. For the Pb yield the

211, :
6.62 MeV peak of the short-lived daughter gy was used. The Ra yield
219, 215

was determined from n and Po peaks. The O points are valid for

the left scale and the x points are valid for the right scale.

255

2. Q spectrum of the "No Mixture" used for the extraction of No,

- Curve Zza (0 points) represents the & spectrum before extraction.  Curve 2b

(x points) represents the @ spectrum after extraction. The range of
255No céunts is between channeis‘lMS and 166.

3. Extraction yields (in %) of the actinides, depénding on the amount

of HCl added before extraction (in lambda of 1 M HCl).

, Californium numbers of the actinides, depending on the‘amount of HCl
adde& before extraction (in lambda of 1 M HCl).

5.- Extraction yields (in %) of the actinides in the presence of 230 A of
1 M HCl before the addition of 30% H,0, (’,7 A and 35 A) or of 5N HNO3
(3 A and 15 A). |

6. Californium numbers of Pb, Ra and the actinides (O points) compared

with the californium numbers of the lanthanides (x points).
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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.








