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'I. INTRODUCTION
During the period from January 1l to July 15, processiné'and analytiéal
work was carried out on the most recent phase of the UCRL (Berkeley) heavy iso- -
tope production program. The work was done in tﬁe wéter cave facilitieé which
are operated under the direction of P. W. Howe and J. T. Haley. The process-
| ing chemistry was carried odﬁ under thé direction of Dr. B. B. Cunningham and

J. L. Green.

IT. SLUG DESCRIPTION AND IRRADIATION SCHEDULE
‘The slugs consisted of an outer aluminum jacket 5/8 inch 0.D. and

L inches long. Anvintérnal plug'containing 2.5 gm AmQ mixed with Al powder

2
was preséed into an internal caviﬁy %/8 inch in diameter and 3-1/L4 inches long.i
- Two idenéﬁcal slugé, UCRL 29-1 and 29-2.wefe then p;aced in the L—hS—center,
position in the Materials Testing Reactor and irradiated;for.apéroXimately 5
years to an intégrated flux of 6 X 102, |

The average composition of each slug at the énd of irrad;aﬁion is Shqwn

in Table I.

Tabie I. Slug Composition.

Actinides _' Fissioﬁ Products {mg). -
Pui few ng :; o o .Zr; 550 tY; .v'll5. 
"  Am?u;; ca.’éO mé o .v  ' MO;_.305 | Rh; ; 1 95
2, 215 g " v, S ;, CRw 230 w00
529; -7 Hg o | Ce; 170 Pm; 60
o muen . - Te; 155 B

25290, 200 rg - | sy 125
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The actinide compositions are actual while the fission product compositions

are computed.

The results of mass analyses run on the Cm and Cf fractions are shown

in Tables II and III, respectively.

Table IT. Cm Mass Analysis (Cm VI-609).

2ls

2!)4')'" ’ ’

ek7 0 44 + |
2L .00kl3 £ 0.00013

248
24l

H

= 0.00525 * 0.002 = . ‘

oho & 243 - interference from other elements.

Table III. Cf Mass Analysis (CLVI-605).

2k8/252 . < 0.0017

249/25é < 0.0231 % 0.003 .

250/252 = 0'1936_i o.oog5

251/252 = 0.0560 £ 0.0008

253 /252 < 0.0025g * 0.000

25k/252 < 0.0001 | :
3@2“9, o™ ana Bs?93 a1l present . '-]E
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III. PROCESSING ’
A graphic description of the chemistry involved is included in the
form of a simplified flow sheet. The general features of the flow sheet should
Ee self-evident; however, a short discussion of the difficulties encountered

and a brief rational of some of the major blocks of the process are in order.

A. Dissolution

Due td the large amounts of Al present in the slugs (~50 gm each), it
was decided to dissolve the total slug in NaOH - NaNO5 solution. -This technique
would presumably have two major virtues;. 1) +the elimination of Al in the form
of soluble aluninates and 2) the minimization of -Hé evolution ﬁhich would
have other constituted an explosion hazard.

T@é dissolution was begun_using this approach; however, it shortly
becane aﬁparent that the cores were not reqdily solublé in the basic medium.
Iﬁ'was, gherefore, necéssary to alter the initial flow sheet to accomodate the
HC1 dissolution of the cores. Because of the large amount of Al in these bis—
cuits, 1t was necessary to go.through subsequent hydroxide precipitations. In
order to remove residual Al and the large amoﬁnts.of KCl generated in the
neutralizations, it was further necessary to éarry out e#iensive-washing pro-
cedures. Thesé deviatiéns from the initial procedure introduced qonsiderable
unexpected and admiﬁtedly undesiréble extra handling of the éctivity; It is.
also pbssible that the acid-base conversions may be undesirable from the stan&-,‘
point of Bk recQQery due to the possible loss of material asvpolymefic species
either as colloids or by sorbtion on glass vessels. It shpuld be noted that

. ‘ . .
berkelium, unlike curium and the transberkelium actinides is readily oxidized .7 .
to the +4 state in alkaline solution.
One further point of importaence, in this area, is the solid residue

from disselution. It has been neted, beth in this run and in ‘“sh@ .paét, that -
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a jet black solid material of unknown composition appeared as an insoluble
residue after dissolution. This material was isolated and washled theroﬁghlyv
and submitted for spectrographic analysis. The material was feundrto consist
of P4, Ru, Mo, and Al in the ratios 1l to 1l to 0.2 to 0.2 respectively. The
P4 and. Ru are presumably pure fission products present either as oxides or
"as metals (reduced by Al during dissolution). The Mo occure as e fission
product and also as ipactive‘molybdenum compounds used as die lubricants dur-

ing the preparation of the capsules.

B. Lithium Chloride Columns

A standard prqcedure~uee&—for-the separation of the fission products
and the bulk of fhe Cm from the transeurium elements is elution from Dowex-1 -
anion exchange resin using 10 M LiCl. |

It has been noted repeatedly in the past and in the first two LlCl
columns in thls run, that the speed of elution of the various act1v1t1es w%s
much more rapid than expected and that banding of the_activities, as evideﬁ%ed
by the fofmation of the characteristic glows of the rare earths and of Cm, %
occured very lete in the elution. This was noted part%cularly in the caee ofb
the second LiCl eolumn ﬁhich bfoke through very rapidl; ahd yielded very pdor
separations. The.reaéon for.this‘wes discovered to be the fact that.the
standard 12 mm X 1% cm ¢olumns used for the'separation'were very badly over-
loaded (;50-90%). This eondition readily explains the pecularities noted
above. The iact that separatlons have even been achieved under these condi-

tions sneaks very hlghly of the efflClency of this separation.

Inlt*ally, there was some concern regardlng the possuble ox1dation of

Bk on the columns; thercfore, the elucnu solution was made 0 05 M in NH OH HCl._e

3

It is now felt that such additions are unnecessary. Crude tracer studles using

Ce indicated that in soln's saturated in HaOp or Cl,, the cbserVed Kp's were
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apprOpriate to Ce+3. It was feared that the prceence of the ion ekchange resin .
might shift the oxidation potential far.enougp'to cause difficuity; however,
as mentioned above, this does not appear to be the case. In acid solution, of
course, H202 otaoilize Bk+3 and preswnably -the H202 produced byvthe radiolysis
of Hgo would acﬁ in this capacity in the column, assuming that the.effective
oxidation potentials are not greatly affected by the resin.

| A white insoluble material appeared during feed preparations which on
spectrographic analysis proved to be predominately,Al. This material was
separated out, washed and retained for further analyeis. It has been suggested

that this phase is a corrundum like material resulting from the effects of

intense radiation on Al in solution.

! _ C.' Butyrate Columns

:
i

The 1ntra-act1n1de separations were, as usual, carried out by elutlon '
.rrow ammonlum from Dowex-~-50 X 12 using O 175 M a-hydroxylsobutyrlc acid at!
i. -

PH = h.9. This particular,step caused a great deal of confusion, particularly
, T t

i

i
i
i

with respect toka recovery. The Es-Cf separatlon was not expecially good,
buﬁ it was adequate, and the Cf-Cm separation was quite;good; however, when
the so-called Bk fraction was analyzed, it was found.toacontain only lO-;5% '
of the anticipated yield. After‘a very extensivevanalytical'program,_it was
shown that the remainder of the Bk was.in the Cf peak and was temporarily lost
on a Cf target prepdred for accelerator bombardment The cause of thls dif-

ficulty is st;ll not partlcularly obv1ous to the authors; although it is

known that “But” columns behave rather badly if the feed solutlons are not

very clean or ‘i a significant amount of the resin is converted to the hydrogeﬂug
s. .

form during loading. At any rate, it was at thib p01nt that it was reallzed that

the Bk chemlstry had gone dlgastrougly agtray
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D. Berkelium Recovery

The principal difficulty involved in processing Bk undef_these condi~

249

tions, is that it is very difficult to make rapid radloassays. Bk is a
very soft B emitter (115 keV) with a half-iife of 290 days. It is virtually
impossible to P count the material because of the tremendoug number of £
cemitters present as potential contaminants. Bk249 does. emit an Q-particle
(5.48 MeV) but the branching ratio is so small (2 x‘lO—5) that it is very
difficﬁlt 1o separate the:Bk G's from a—emitting'contaminants unless the
sample is gquite pure. The technigue developed for use involved extensive By
decontamination using LiCl columns and & decontaminatioﬁ using the extraction

“of Bk%h into HDEHP from an oxidizing medium. The Bk purified'in this manner
was then o counted for an appropriate length of time to detefmine the growth

) . -
249 Q's into the sample. This information allows the calculation

L9

rate of Cf
of the aqount of Bk2 on ‘the plate. This method is relatively fool-proof;
although very extensiveba.decontamination is necessary to make ﬁhe gfowth
figures stgtistically significant.

This techhique had not been developed at the time of the first "But"
column; therefore, there was, at that time, no information whatever regarding
the amount of Bk in'the feed to that column. Nothing had been thrown away |
during previo@s processing except glassware, which had been éarefully rinsed
vefore it was discarded; therefore, it was.possible to évaluate potential
losses. |

‘Bach and :every residue generated during processingiwas analyzed for

Bk before diqubal with the exception of ion exchange resin used after thé

Zr pickup column, glassware, and a few solid residues associated with the
target preparations which, except for the glass, are probably not significant ;
since & material balance can be made across their point of origin. The results.

of these eanalyses are presented both on the £low sheet and in Table i?. A
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brief desceription of the analytical technique is shown in Fig. II. The
signiflicance of these results w1ll be dlscussed later}_ Suffice it to say,
at this po;nt, that virtually all of the Bk which reached the 1n1tial Iicl

column feed (the earliest available analytical point) was eventually recovered

or accounted for.

E. Material Balance

Due to the large amount of analytical work carried out, it is possible
to make overall material balances with considerable confidence. +In order to
'report yields in terms of mass, it is neces ary to.choose a set of half- lives
for the materials of interest.. The data used for the calculatlon of this run

_are shown in Table V. These half- llves are the presently accepted values

excepted in the case.of Cf252.

The most recent value for the Cf25 half-life
is 2.46 % 0.00k yr and the f1s310n to @ ratio is 31.3 * 0.2 2. To remain con-
sistent through the run, 2 55 yrs was . used in this work, although decay
corrections were made using the more accurate value.
| Major errors are

1. Accuracy of the volume measuremenﬁ on che sampled solution.

2. 'Dilution and'mlcropipetting accuracy. |

:5. Counting statistics;
The magnltudes of the first two errors are not known to any - accuracy. ’lﬁe
: limi s shown in Tablc VI are 62% confidence counting limits except 1n‘the,

cases noted. Probably, a reasonable llmlt for: overall acduracy should be set

at 5%, althouvh the 1nternal cons1stcnce of the numbers is better than thls '

would indicate. o v : _ K >
The case of the Bk assays, however, differs in that, in some cases,
considerable chemistry was necessary in preparing saﬁiéfactory‘growth plates.

These resgults, therefore, gentain an additional funaert,a:in?‘.ey'_invoiving ehemieal
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Cf Tail Gatti

Table IV. Bk Assay Summary
Bk on 1/1h (ugh) Asséy Result Date’
' (mgm) :
Supers 0.20 0.16 L/7
KB 3 705 7.0 3/12
Ciﬁaers 0 0 L/27
KB 21 ‘2.56 1.62 6/1k
KB 25 0.86 -0.60 6/
White Salts 0.0k 0.03 - 6/8 -
KB 50 | 10.7 10.1 3/12
Rare Eérfchs 0.05" o.olf' | 4/13 .
77 0 -0 6/3
Amon.iResin o} 0 4 /28
Assay B2 | 10.7 'v__’1o.i 3/12
Assay 86 lﬂ.h £1 13.0 3/26
Cone 32 1.k5 '1.56 3/12
CmI 0 0 3/23
Latimer Iaw 0.13 0.10 L/13
Combined Bk 10.1 +2% 8.o5A B L/16
CmII 0 0 3/23
o o. L/10

* :’
KB (Kitty bucket) -

feed solutions.

relatively l&rgeianalytical samples taken from LiCl column

i
T

<y L Loty
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‘Table V. Half-Lives Used for Cslculations

C/min/ugﬁ(éo%)

Tl/Q.
Cmehu o 18 yr 9.1 X% lO7
crP?? | 2.55 yr. 6.2 x 10°
£ 80 yf 3.95 % 107
9 B 250 4
o9 g - 360 yrs t‘uﬁxlé
55272 o ' 20 a r 2.9 % 100

X R c -
2.6% yr used for decay corrections .

vield. The only portion of the procedure in which the yield has beeﬁ~checked
is the extraction-scrub-strip cycle. Preliminary work using a Ce tracer indi-
cated a yleld of ~85% when six‘sgrub strips were used. Losses this high are not
éonsistent with Kb information available; therefore, the losses are probably
mechanical. Mechanicél losses in batch extractions are typically variable

and difficult to reérqduce; therefore, this figure should probably not be
regarded as Tirm.

24

In the case of Cm , the results indicate excellent internal con-

sistency, very low losses and a total output of k29_mg Cmeuu;. A yield of 405
‘mg of Es259 wa%‘realized and no losses are apparent although the first analysis

1 .

wag fairly laté in the process.

The Cf%bg results are self-consistent io'within counting statistics.
In addition to this, all residues vere neutron counted prior £o elimination;

therefore, it is possible to state that Cf‘e)2 losses up to the first target
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Table VI. Material Balance Summary

G @ PR -5

(mg) © (ugm) (kgn) - (ng) -
LiClI Feed © 210% 7.5 - 32.3%0.5° .
LiCLTI Tecd . - 221%2 3.3 ' 35.7xo,5cv - -
LiClIII Feed Logl - 10.7 71.8%L -
Butl Feed “ L L (lo’7>é. - | ‘ h55
ButI Out - 1.5 67 ko5
Other - 8.6b SRR o -
Total Out . kegth 10.5%0.2 - 66%0.7 405

- = unassayed"

i

4.k It would appear that the result of assay 86 (14.4 pgm) was
too high. 10.7 checks other points in the material balance.
10.7 See Bk summary. '

»

Apssay 86

Assay 82

bBy difference

“By f/c by PHA + Total @ on Low Geo. counter.

Note: limits listed are 62% confidence counting limits with the exception of
Total Bk Out in which case the limit is overall confidence. ’

preparation were no more than 2-3 pugm, i.e., less than 5-&%.' The total output:

foang .
o2 up to the first target preparation was 66 pgm.

In the case of Bk,ab'9

of Cf

, the internal consistency of ﬁhe_analyses through

the process is surprisingly good. Since all-residues‘were'assayed, with the
exception of glassware, it is poésible to sum inputs and outputs over ihe entife -

process. The information is shown in Table VII.
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Table VII. Bk Material Balance

Analysis : ~ Input ° A Output

Hydroxide Sup'n _ 0.2 : 0.2
BeE | 7.5
KE 2l - 12.&
KB 25 : 0.9
Salts and Rare Earths | R 0.1
Latimer Law | o 0.
Combined Bk : 0.1
‘ 11.0 - - 10.5

It is knéwn that the output number is good to within only a few percent; there—

1‘:"'

fore, this may be regarded as a minimum input figure. -Because of the chemical

yleld problem, however, the sum of the inputs may. be low by as much as ~l5%?

This leads to the conclu51on that the 1nput to the LlCl column basea on the 3

\

analytlcal results was between 10. 3 pgm and 12.5 Hem and that the output’ was

10.5 pgn B,
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IV. DISCUSSION OF RESULTS

The results involving Cm, Cf, and Es appear straightforvard and require
no further discussion. The implicastions of Bk yields; hdwever, deserve addi-
tional attention. ansiderable confusion exists regarding the Bk-Cf ratio that
should be expected from irradiations of the type involved here. This informa-
tion is essential for the estimation of the chemical yield through a process
and for'the evaluation of difficulties involved in specific areas of a flow
sheet. Data 1s locally available forvséveral previous runs which allow some-
.what more practical estimates than have been available in the paét. In order
1o compare Bk/Cf ratios between runs it is desirable to present the data in
terms of an index which is independent of a choice of a set of half-lives.

2Lg

Such an index is the ratio of the total growth rate of Cf in the Bk in

alpha counts per minute per day to the‘total fission count rate in the Cf252
in fissidn counté per minute. This comparisoh is presented in Teble VIII.

The first three entries are in reasonable agreement"and indicate a
growth/fissién ratio of 6-7 X 10_5. These data appear £o bé.more or less
incdependent of starting material and irradiation time; therefore, it will be
assumed that they indicate the actual Bk content of the undissolved slugs.

This being the casé, one'is‘forced'to conclude that losses of ~l5%.oécured on
slug 29-~1 and aimost 50% on slug 29-2. TIrom the analytical data available for
this fun, it a?pears certain that such losses ﬁust have occured brior to the
Tirst LiCl columns'siﬁce méterial balances beyond this point are internally
consistent to a maximum of 10-15%. Due to the fact that all head end residues
with the exception of glassware were analyzed, it is necessary'to conclude that =
eitner the loss involved the glassware or that one of the analyseé failed. A
positivebchoice betweén these alternatives is not possible at present.

Since there is no particula: reason to doubt the assays, it 1s suggested

that the head end proecedure be altered. Tt 1s known that in basie solution Ce

‘
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Table VIII. Bk 9—Cf252

Ratio Estimation from Previous Runs

‘Date Run - Starting Material Irradiation Time nvt Growth-fission
3/6h Livermore 3/6l b‘ E o - A T - - 6.7 % 1077
5/59 . Bﬁ:ké}éy 5/55% 70mng24”,1iOmgPu2h2 14 mo 1.4 x 1070 6.4 % 1072
: /58 -'Bgrkeley /58* l92mgPu?h2,85mng2hu _‘ | - ~3yr ~10°2 7.5 % 1077

' | E h8méAm2&5 | | :
1/64 This run-overall S C 5y 6 x 10°° 3.9 % 1070

" Slug 29-1 ' .2.5gm4m?hl | 5.2 % 107
Slug 29-2 2.5gmAm?ul 2.7 % 1077

¥‘ " B
Several non-identical slugs processed.

..gl'-

#TE9T=THON
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and, therefore, Bk are easily'oxidized to the ++ ion. The ﬁ# hydroxides are
highly susceptible to the formation of polymeric colloids, particularlyAunder
near neutral conditions. Many successful hydroxide carries were performed
during later processing; therefore, it would appear that a direcﬁ hydroxide
strike efficiently carries Bk. During the actual dissolution, however, the
hydrokides are precipitated only arouﬁd the slug and the supernaﬁants are
never efficiently “"swept". It is also possible that the hydroxide concentra-
tion immediately adjacent to the dissolving slug could be considerably depressed.
A1l things considered, it appears that peptization at this point followed by
sorbtion on the many glass vesséls thch the supernatant contacted wouldvex~
plain all of the observations. This being the case, it is highly recommended
that, in the future, the dissolution be carried outiih acid and be followed by
direct hydroxide strikes to remove.aluminum. |

I% future pfocessing involving slugs simi;ar to those diécuésed here,
it is recommended that the flow sheet shown in Fig. III ve used.

It is further stronglyisuggested that core sémpies of the original élug
be carefglly analyzed and théﬁ Bk assays be run concurrent to the main processing

stream.
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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

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.






