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: | ~Tsotopes of the eleménts berkelium end colifurniun have now been produced
© " 4n microgrem smounts as & result of a program of neutron iyradiation vhich began
... 4n 1952, At that time approximatoly S graus of Pu®3? were subjected to & high
|- peutron flux in the Materials Testing Resctoyt at the Reactor Testing Statiom of
the U, 8, Atcsilc Rnergy Camiseion near Arco, Idaho, mé.'?u239 was yepldly
~ trapemmted to heavier isotopes end fission products, The transcuwrium lsotopes
©. werve sxtracted pericdically and the major parts of the plutonium, awericium, and
. ‘rorsum fractions were in every case returned to'ths reactor for further irradia-
© tion, - Microgrem., emounts of berkelium and californiun were ob 4 after ebout
T five lyam of irrediation at neutron fluxes of approximately 5x10°" nsutrons o2
E7-1 - I - . . ’

.+ Tne transcurium isotopes produced by neutron irradiation were used ag source
materials for an extensive yesesrch program in chemistry end physics, much of which.
 _has been summerized in & ¥nv1m piﬁsncatibn.e' This research included atudies of
- the chemical properties of the transurenimn elements and investigations of nuclesr
. properties, The isotopes have been used as targets in dombardments with chargsd . _
-particles to produie new 1sotopes and elements, The isotopes were aleo used in -
resesrch on the mechanisms. of nuclear reactions, in nuclear spectroscopy with

1

. ewphasis on alpha decay, and.for researoh on fission,

. - A research program on'the heaviest isotopes is primarily dspendent on the
production of the isotopen, and onh the techniques for hendling them, The purpose

-of this paper is to describe the most imporiant features of this work as it is

~ done at Berkeley, Very similer procedures have dbeen employed in laboratories at

_ Argonne, Chalk River, Los Alemos, Harwell, Baclay, Stockholm and those of the
‘Bovies Unfon, We hope to inclulle informstion from thees leborstories as vell, In

. this paper we shall eitempt to bring the mbject up to date without including ex-
cesiive dstail, and to iaclude basic information useful in regoarch work on the_

. trensturiun elaments, The developments of the last three ysars are emphasiszed,

o ——— ——— — g — v ———

At the time of thi§u&riﬁihg expefiméntal work-is in progress on the isolation
of pure compouhds.of berkelium and californium.and the‘study of their properties.
More detailed and up, to date .information on' this subject will be given in a supplement
to this paper. Lo T ! ~ -

S "CHEMICAL PROPERTIRS

With the exception of berkelium, which has a +% oxidation state of ebout
the same stebility as Cs (IV), the transcurium elements through mendelsvium exist
predominetely 4n ths tripositive dxidation etate in agueous solutions and as such
resemble each other very closely, - IPnAn NECUENAR
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_ Berkeltun (IV) has the w-camplma oheld configuration 5:7 which has a
special stebility. Such en oxidaticn stote has been found3 by tracer experiments
in which treéatment with btyromate fom, dichromate ion, or ceric ion caused oxidstion
of berkelium to a form coprecipitated with eireonium phosphate, sirconium icdate,

" and ceric iodate, compounds vhich ere rather specific carriers for tetrspositive
- {ons, 'mz oﬁnauon pot.ent.m of the berkznm (13T} - berkelium (IV) couple is

) &bO\lt "'1. v tﬂ.

- nrtom have been made to uxidize californiun at tracer concentrations with
.~ guch powsrful oxidants as peroxydisulfate and bismuthate ions in acid solutions
- and hypochlorite ions end ozone in alkaline solutions without success, In the
h.tter csse the attempted oxidation was carried out in strong carbohate solutions
using emericium as a trscer. The results of thepe experiments cannot be talten as
-_‘,'pmor that, oxiaation vill pot ocowr with higher concentrations of californium,

¢ e trenseuriun elements3)6 exhibit about the sape behavior relative to each

',otherus do the rare earth homologues to each other, Therofore the ssparations of
these elements from each other, from rars earths end from nu.sbboring actinides s
beat. accmplislwd by ion eéxchangs methods,

' ﬁze tranaem'iun elwuts adsorb on cation exchange resin colwms end can be
separsted from each other with.buffered citrate, lactate, alpha hyéroxylsobutyrste
.'end 8tmilar eluting agents, (#4g. 1) They can be eluted with 13 molar hydro-
chloric acid from cation exchange cdlumns ahaa;d of the reye earths, except for the
' huvieet rare earth elementa.

m transcurim elsmente form anfonic chloride complexes in 13 molmr hydro
chlar.te ania and cen be adsorbed on anion resin columns, ghay can be partially
geparated from eéach other by subsequent selsctive elution.® The rare earth elements

" 4o pot edsorb on en anion resin to an appreciasble extent in 13 M HC1l, Camplete
nwatlwaofthatrmcwimelmmmmmemmmmmw}

-, ethyl alcohol ssturated with hydrochloric acid 3s used to elutg ths mixtures from

_eolums oficolloidal Dowex-50 resin (12 percent cross-linked).© The rare earths

. elute well ‘after the actinides. Some separation of ths individual actinides from
_eachotherualaoachievedasahownmmg 2.

. - nagativnly chgtgod xu m alao found in concéntrated solutions of
'mniun thiocyenate,.” A typical elution curve from Dowsx 1 resin ueing ammoniun
- thiocyanate is shown in Pig, 3. BHowever, the desorption ssquence is not simple,

- Tha opder of desorption from Dowax=50 resin column £s8 shown in Fig. b. The rare
- earths are legs strongly cosplaxed by thiccysnate than are the actinides but not
.-eufnciently 20 &8, to glve a canplete group separatiom,

Good eapmuons of the. trmsmim elements from the lanthenides can be
" achieved by desorption of a mixturs from anion exchange resins using concentrated
lithium chlorids solutions especially when the separation is mede at elevated tem-
peratures, The lanthanides sre less strongly eomplexed and sre eluted first,

80 far, the best ssparations of the individusl transcurium elements from
each other are achieved by edsorption on. Dowex-50 cation exchapge resin followed
. by degwption with amnim a-hydroxyisocbutyrate solution at a temperature of
—Broc T An elution curve for these slements is ehown in Fig. 1. KNegatively charged

- complexes of the transcurium elements are formed with a-hydroxyiscbutyrate %
theae canplex ions may be ndsorbedon enion regins wnder ideal conditions, 9»

2= I&w r!‘ f\ (' ne .' Ma}
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Consideradle success in separsting common impurities has been accamplished
by descrpticn of mixtures fiom colums of Dowex 50 vesin (- & percent cross-linked)
using 2 M snd 6 M ECL, fThis method is & mcdificstion of one developed by Chethan~
8tra The co. are operated at §7°C and an intemmediste step of elution vith
2 M HCL aids in obtaining sharper actinids peaks, which are precedsd by the desorp-
tion of the common elements Al, Fe, Ca and Mg,

. The actinide elenenta cmn be extracted from an aqusous minsral acid sclution
into the immiscidble sclvent tributyl phosphate; the extraction coefficlents eved
tn this extraction are not as high ss for ths analogous lanthanide elaments,
Hovever, the coefficisnts, particularly for the higher nexders of the serises, are
high encugh to make the use of solvent extraction by this eolvent very attrective
for scme purposes. This is espeaially true of coucentrated nitric acid solutions.

) has ¢alled attention %0 the remsrkable analogies between the lanthanides
and the sotintdes in this solvent extraction behavior.l3 fThese elements can be
extrected resdlly into benzene as chelats complexes of a-thenoyl-triflucroncetonelt
(P.7.4.). At DH 3.M the axtrastion of berkelium and californiun is roughly a factor
of ten greater than that of smericius snd curium,

) . The difference in extractability of ths tripositive and tetrapositive
berkeliun fons can be the basis for & rapid and quantitative separation from certain
ions; for exsupls, the ratio of the dlstribution coefficient for berkelimm (IV) 6
to the distribution cosfficients for berkeliun (IIX) and curtuwm (IIT) is sdout 10
for muﬁ into ai1(2-ethyl hexyl) orthophospharic acid - beptane from aqueous
nitric acid, o

The coprecipitation behavior of these elanents as studied at tracer concene :

‘mtm.uw-mmworommuwuwmmmuox:.dauon :

atates and coprecipitation is observed with such typical carrigr compounds as '
- lanthamun flucrids, lanthanum hydroxids, end ferric hydroxids,

In ths metallic state these slements have a sufficisntly high vepor pressure
to permit their veporizetion from molten urenium at temperatures sbove 1200°¢C, e.g.,
califomiun produced in urenium metal dy carbom icn bombardments vas completely
veporired and collected on platinum counting disce, when the wraniwm was heatad to
1200°C in waeuo, Simtlar bebavior was observed for einsteinium and fermium,
Compounds of the elements Geposited on tentalun filements are readily evaporated
onto collector plates when the filament is haated to high temperatures in vacum,

NUCLEAR PROPERTIES OF TRANSCURIUM XSOTQFES

. Bince rather coxplste accounta of, nuclear properties of the tramscurium
1gotopes have already been published?+17,15 only a very brief geperal discussion is
given herve,

These isotopes ave charmcterized by their high instability, In addition to
having all the types of instability obssrved in lighter isotopes they ars unstable
toward slpha deacay and spontanscus fission, In general the stsbility descreases as
ths atomic musber incrsages resulting in shorter alpha and spontanecus fission
half-lives for the hasvier isotopes although the spontansous fission half-lives show
deviations from this trend,}3 20 4in interwsting feature of this region is the 152
neutren subshell,2l At peutyon mmbers Just ebove 152 increased instability is
superimposed ypon that of the normal trend, The resulting relatively higher ground
gtate masses correlate well with an increase in the enargy available for spontanecus

3w
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ﬁuion.aa Pw isotopes of the slements sbove fermnium are so 4ifficult to create
and apparently have such short half-lives that thelr detection is difficult, The
transcuriun region is of special interest in connection with nuclesr apsctroscopy
snd particularly in the study of alpha particls decay schemes, It is a region of
non~spharical nuclel for vhich the decay schimes are well mtorpre by ap;:uc;uon
of the unified model of the nucleus davalopodbynchrundnot Skm

intezesting feature is the fact that some isotopes

~ primerily by sponténecus fission, The isotope . C12 ,bocumcriummth
half-life for decay by sponteneous filssion, has been considered as a onasible ex~
planation of the light decay curves folloving superncvae explosicus, In view

of ths incressing predominsnce of spontanscus fission abt high £ and A a special
prodblem 15 presented in working with largs ssounts of califormium because of the
eontamom profustion of neutrons and fission products,

Some properties of the transcurium isotopes are listed in Teble I,

: A, Qensral 1dsrations, Thas method by which the largest smounts of

tranmurlmm a%ﬁmmeduthatofmmimnionoftm
: huvtut {sotopes availadle, of this prodlem have besn discussed

peper by Benthy et al Bxsuples of starting materials ave Pu23?
'anstimcmmu sotirce svailahls at thie tine 1s the
,‘mm Tutina Ru.ohoi at iarco, Idsho, In this reactor neutron fluxes near
neutren en"Z sec*l can be obtained, At these high neutyon fluxes successive

newtyon -capture reactions produce ssventeenth order products (Pa256 gy Pu239),
In the irrsdiation of fissicnable materials consideradble heat is produced at such
fluxes, This prodlem has been solved by using sluminum slloys or dy pressing the
mwamMmmwmmnem mhmdnpi&gbynmr

coonns

B. Wmmmm”mmmm
fmportand source o transcurium $s0 s producad to date, It was chosen for
mamnumitmmmmmmmms It has the dis-
adventage that most of it is convertad to fission products, Transowrium uotoz;en

can te produced much more rapidly from mmmmm of Pu23s,
lass of thé smericiim ig converted to fissicn and there is an advantage
in starting vith a higher mass mmber, However, is & in aueh smaller
mmsmmﬂntmim,mmmmuorm $sotope Cn are very

mambytmmntmmmmtmmm The isotope Cu®%e hag & very
high specific alpha activity, and the high lsvel of alpha redioasctivity so produced
plaeces heavier demands on the equirment and sepsrations methods than the material
mwummm%wmemmummummmm
e time vhen the smount of Cn mmt:lanur:ltopuk

@u pextially t the wﬂculty of separsting tranacurium ehunts
-sgun of (u24l, tthubconmmnxeetoaxtrmt%e
%mazmauwwmmwwumorm and subject
the Pu to further irredistion, The anly sdeguate facilities svallable at this
time for handling layge amounts of curium sre those at the University of California

Redation Laborstory at ILivemmcre vhich were primsrily the result of efforts by
W, W, Crans and G, H. Higgins, The installaticn has many novel features, the dese
cription of vhich cannot be included here,
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e lnsh-ﬂm space §n the reectors 4s ot o preniun and the irradation pf

mmu shich gggcuw tho lsast reactor gpace is desirable, 'memrm, and
4ts product Pubte have dsfinite edvantpgws. Bklkm ahgaa atvantageous: to
extrectd tha transmutation products Pu 3, snd Cuéd% fyram irradiated Pu®3d

mmﬁuumnmmmmmlymawtm"mrewm
amanarrcgiunotushueutrontmanmremtm.

wmmmammmcnm

ox'oqaueecuona of the mcurim mtopea %en “ﬁmng
,zngggam%ﬁymwemmmmonmummmuormz Am® 2,
mowmmammmmnmmmm ml.e

S cmss-eectiona yefer to aversgs or affective cross-gections end are measured in the

mtrcnﬂuxfomﬂin@toﬂyofthemtor(ﬁle),v&thinorcloﬁetothnactivo
.* core,. A pile neutron 'crussssectiin may déviate quite appreciadly from a thermal

' neution cyoss=secticn if the nuclide in question absorbs nsutrons in the resonence -
region, These values, inoluding those tbrplmmim, emericiun and cwriun uotapea,
: mompthdlnmun. _ .

' o mmum-mmumnmmtm"mn £it" values chosen
" byehmm;mmthofmwtamﬁsbymWsnyotcanﬁmu
. Redistion labaratory, Berkeley, Knolls Atamia Fower Laboratory, Argonne Natiomal

- | Leboratory, University of Californie Radiation Laboratory, Livermore, Osk Ridge

- by mms:ve aeutmn capture in

mmmmmammmw. These valups arfe not to be interpreted
-.mmwmmmmcﬁmndmunm,mymm ve ap-
.. proximately corréct isatopic. compositions end the correct amount of Cr25¢ after a
_long irradistion time, It haa been comvenient to calculate thess yiald curves by
means of & Grovth and Decay Analog Computer (Appendix I) which makes use of an
. _e@tomtsyﬂmotmaiﬂmmﬂomewamuhwmm,&cw
' _mddsstrucﬂmofuuchidmtheyosnibh path esequences, Programs have also
been e-ttmtoemmathamtopte yields using Computers such a8 the I.B.M, 650,

tbaposubhpathainf trenscuriun isotope
gﬁ% ngﬁ maanagg w&miﬁ 58 orcotu':: umx:eg
pual)

utomdbybetamo

- Gurves of . practica.l inurest have been meds givinslthc estinsted yields of
;CﬁSBfermmlaashighquloﬁmmm hﬁ” éb(m g e

of (2252 from pile neutron bambarduents of Cu2d¥, am“*d ) and Pu®Ye 19 shown
© in Pigs, 6.and 7. xtmmmwmmmnumwmaumw
v‘.mstmmyummmgmrmmﬁmwh. ‘

| - EgSissivenuwghg plot of mrmnxmarcfaﬁammm amal3,
Amzuandmg for en averege flux of- b peutrons an*2 sec™l, ‘lhecm-vafor
vCna"‘*iaa"bestrzt"memmmmmmwmmsotm
emdunt. of 01‘253 farmed,. ‘
© For em« xnuu:ted!.nmitutmsa trﬁucm\n mmm production,
- Pig, 9 ¥111 be useful, ‘The produstion of CfE Zmama source 18 given for the
?-u wrmmmit maobtaimdmmm. Two experimental values
mtnehuwns.nﬂgm-e)m yiemtrom “napkin ring” sources are in good
thmcalculatedcmes. Of equal Snterest is the rate of heat production
franama source subjected to pile meutron irredistion. (¥ig, 10).

_.5.. . Rt e
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mmm ef the ﬁam W mm%&d hﬁm im&iaam the tremenbous
‘wmms of a high product of noutwron fiux and time, When high flux resctor

space 18 8% ,Mm, 1% con Do seen that emch yemoval of intermedinte isotopes

| gush as PuBhe,
i 1evels is vhw mﬁmm 88 eont¥asted to mmaﬂm of 1arger smounte of

and Colh gnd thedr ve-firadintion at the highest possible

/ l@mm amﬁep&aatxbmsﬂms.

”.f; ; a& example of the cmﬁiﬂm ot immpaa mm‘xﬁiug from m ir-
£ Put3? for a mma of sbout two yesrs of an sverage neutron flux of
ons e gec i 1y shown dn Tsbie 3, lLonger trradistions 8o not heve

e n xam @rma on the total emount of plutontmm, emericiun snd qurium profusced

© . curves, Since the isotepes 8233 end e
;. ,‘ﬂ“-;icﬂ??m #ny given nettren flux becaus

e of the “pirn out" of the starting meteyiel, However, the heavier curiua
and ‘teahscusitn isctopes incresse. m&m with time because of the high ordsy of
--t&wmmﬂmianmm duced, *Iﬁmfbﬁa%exm&aaat&wmc
' mmsﬂim are not glvend the mag be a’_‘: dsate
are sssentinlly 1:: aq_umwmn with
e of thelr relutively short mfaiiveaé :

rimn values may be estimated 08 simple menner tm the ammxxzt af %‘zf

B '3  pwsm, the croge-cections ead tho neutren Fiu,

Mmmm @’ W m '!41;‘_, .' ﬂf vy

s LT T Sy ”“,wngmwwmmotmeﬁe&man&mim&nahﬁ.ghmumnﬂux,
--'mvg:mwm roquirad for heat pemoval just s 1% 18 in the case of Pu?3d, fhe

eenstdetion and mensional desipgn of the sample and contminers were such mt > 4

“the highest antieipsted neutron flux, no wove than one kilowatt of heat had to be

- aissipeted per squave inch of sample surface, In the case of p&ﬁ%nim, 4n which

L vedght of sbout 20 grams and fab

m%sﬁ@mgsmhsmm&fwm nmnw:pwmen, pmbimm

ing ailoys of composition either 5% or 104 fum by velght in
almimm Mﬂmcmamtamawﬁwmmmamtw veat@tal
i mmmwaﬂmmm@ - 4o oréer w

- allov the maximun fate of heat mvalbym ‘highi~ valsedty flow of waer. ‘A

previons Mﬂég‘%ﬁm of the “um riuga“ and mﬁr Srradiation wes gim Yy

.._mmy &5 _;d_J.

I'n m«mmmmg WM mﬁl‘fﬁ mﬁ mﬂW it 45 not masxm to mdma
aliic staten and au@g m vith shiminum. The oxidss can be dilute

o @& with m\m‘ ey 4f necessary 1n & comell alunimm cyiimdes (1/2" dlamster x

. on top of the £irst plug by mewss of s pross, thus in effect

;’B"}._, A 8013 aduminn plog of the sepe inteidal dlemster 18 ineerted into the
R 2 and the ﬁmle ‘16 compressed (25,000 psi), A second solid sluminum plug,

. ‘M“iﬁh a Alemetey alightly lergsr then the inai&@ bore of the ¢ dnder; in t‘emed dwn ‘
8ides of the oylinder, m@ymxmmwmmdmrmmm;@m

' . '» qa& ti@‘&ly pmsae&, completing the assenbly, If 1t 18 not nesessary to dilute

P amanmaMas

e to give 4 i heat. . transfer (norwslly the dese in re-
 amP%3 gnd ciurdun ‘frections) snother sethod is used, neuely the semple
olution is evaporated in & thin aluninim dish, mmpmwmwamumwe
‘»tacaav&rh%twmm&&m&tmﬂmm@misfolﬂedup,mppadma
_sseond o4k snd Wﬁ into the alminm .cya.maer which :u pmma. into an

pnnet ARSI
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. . Yor luau. aanplee stlr-haat:mg offers no problem a gquartz container
mhm A tolutsan o hemyiwtopaiewmamGMasmdimter
qnartztnba mammmemuma. The querts tubes are eithey irradisted
_in senled mmmnwmdmmmcmt&mmwmammwﬂw
MMQMSMMQ

meumomasma
mmbmotmﬂmmummnummmumumm

at laaat 95% of the aotinide fraction requires more plamning end equipment than

eny other phesse in the production of heavy isotopes, both because of the high
lavel radiation encountered and the degree of purity necsssary for the final pro-
Gucts. -The importance of shielding requirements is not to be underestimated in

' this type of work, In sddition to the radiatiocns nomally encountered (r,aga)mu
8

" Gefaples’ -emit beutrone at a high rate, Parexanpleonamicrogran of c2e

about £ ‘peutrons/min; this high neutron level severely limits the time during

which  the -californium can bs handled at close quarters, e.g,, inmicro-chemical

.. manipulations, By interposing blocks of peraffin and cadmium, the meutron flux

can bde dininished; unfortunately, it is difficult to use shielding in emall scals

operations,. The alternative is to reduces to a minimm the time necessary to complete

expermmatim. Before much larger smounts of transcurium elements become available,

- sinplificstion of the methods and development of nev types of equipment, partimxlarly

equipnent of snall size which may be remotely controlled, will be necessary in order

::n take full advantags of tha opportunitias Loy mterestina emrimnm work with
fornim. e ‘

 The equipnent and mchsnical operaticns used for "cave runs™ in the recovery
ot californiun in amounts ranging up to the microgrem scale have received special
attention end desorve a brief daucription. The largest scale operations involve
the separation and purification of the "napkin ring" samples, The inttial steps

. are oarried out in a 6" cave box, 1.e,, an effective shislding of six inches of

lead is provided, The box in which the irradiasted materisls are confined ia inde-
pendent of the shielding and hes a separate ventilation system vhich draswe off.air
from the intertor; passes it through "scrubbers", condensers, and mechsnical filters,
and. then ywoyclas the clesned air., A negative preum with respect to the atmosphere
is alvays matntained, Ths box has the equipment to carry out the neceasary operations
including centrifugs, evaporatar, hesting dath, storege and disposal, fon exchange
colums, £~7 and neutron counters, stirrers, etc. Most of the operations are car-
mdmtwmtm@swdmﬁmdmmam&hadngw Blectrically
oparatcd equipment 1s controuad from the cutside as are reaaents and air pressure,

The fact that: sponteansous fission beccmes an important mode of decay i{n the

heaviest isotopes makes it possidble toc spply the very novel method of neutron
- counting to observe the behavior of curium end cdlifornium fractions in the chemi-

cal geparaticng, It has been common practice to set up conventional neutron counte
ing equipment sdjeoent %o the boxes used in large scale operations and the chemical
frections can be placed in wors or less stendard positicns near a neutron detsctor
for messurement, Neutron counting is also employed throughout the course of chemi-

. cal ‘seperations and purifications of the californtum fractions. Thus, in this case
.much of the tedious vork of counting samples foy alpha radioactivity is unnecessary,
and the hazexd of taking semples out or enclosures containing high levels of radio-
sactivity is eliminated,
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After ths bulk of the aliminua and fission products are geparated, the
sanple is rencved to o smallsy 2 "Junior cave" box, This box ie equipped to
handls further chemical separations in which fiesion products are eliminated and
preliminary separations of the actinides fyrom each other are made, Soame fractions
are purified for veinsertion in the MIR (resctor),

Regular gloved boxes providing only protection from alpha radicactivity
are used in a supporting role for assaying, storage, and final purification, In
Junior cave snd gloved boxes a reduced presswre is asintained inside the boxes
at all times, Papers on early equipment design and health bhazard prodblams vhich
applied to ths production of very W élotopaa wvere given at the preceding
conference in Geueva &uring 1985, g

) Chamical steps ussd in tho separations have been continucusly modifted
since thelyr inception. Fortunatsly, at the present tims, the overall operation

is more or less stendardized and appears to be spproximately the same at Argonne,
Chalk BRiver, Harwell, Oak Ridge, and Berkeley, Thw irrsiiated specimens are dis-
sclved in s NaCH-NaNO3 eolution; the use of NaNOj permits dissoluticn of the
aliminm without the evoluntion of bydrogan to crests a dangerous atmosphere in-
side the cave box. The actinidss are precipitated as the hydroxides and the bulk
of the aluminun remains in solution, msvertheless, a small axcunt of aluminum and
roughly half of the fission products are p:nectpita.ud or carried with ths actinides,

The residue is dissolved in hydrochloric acid, or in BCl containing a saall
snount of HNO3 or HF dspending on the circumstances and the subssquent steps of
the process, The actinides and rare earths are sometimes precipitated as tnsol-

" uble fluorides fram s solution containing HCl end 8P, The insoluble fluorides

can de reprecipitated by first dissolving them in ROl containing boric acid and
Siem edding HF st this point, or they can be precipitated ss insoluble bhydroxides
and redissolved in acid for the fluoride precipitation, Following final dissolu-
tion of the fluorides in hydrocchloric acid, the plutoniun and some fission pro-
ducts may be sdsorded on coclumns of anion axchange resin when the HCl concentration
is in the range 6-0 M, In this osse plutonium should be in the tetrapositive
oxidation state end addition of a small amount of ammonium nitrite is commonly
added to accomplish this objective, Bestd results are odbtainsd wvhen the colimns

are cperated at elsvated temperatures.

The transcuriua elamsnts pass resdily through the snion resin column along
with the rare earths, The plutonium may bde desorbed from the anion resin by pass-
ing through a solution of 6-10 X ECL containing e reducing agent such as HI or
bydrazine, An alternative method s to strip the resin with Allute
acid of concentration nsar 1 M, although the latter method gives less daeontmim-
tion of tha plutoniwm, It should be kept in mind that the fission products to be
separated from the actinids elements are not necessarily normal fission products;
they algo include nuclides resulting frem neutron capture on long-lived decay
mrodusts of the primary figsion products, In the rare earth region the heavier
rg nagbers are more difficult to separste fram tripositive sctinides, Thulium

T0) 1s one of the elements giving trouble in the separation of rare earths,

The separetion of the rare earths from the actinides is generally made at

roct temparature by dssorption from Dowex-50 (4% cross-linked) spherical resin
using ssturuted hydrochloxic acid. In this case the mixture of actinides end rars

‘ 8-
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e&m t0. bﬁ bwae& W the andon exaliange calm is cenmtrwed by evapo-
:xbim o by precipitetion of the hydmxiéaa and dissolution in HCL solution,
am%m“ ¢ase the goncsntyated solution s satursted with HCL, Then the mixture
9 loaded on the vesin 4n a8 suell & band as possidle, The final, compiete rare
‘ gephrations sre mm&ly mm&im& ming cmluzm of Bovex-50 (124 crosss
SO J.:in'ia&é) collofdal sesin’ ion with 204 el saturated with BCY gus. In .
;__f_' 3 t&%’ case e’ve;; i waviest yare exrthe die well sop ed from tha actinides,
SR mwa bash vory awzmmmammemmwmmxuxm
Lt mt:mmea by, mm - the aetinides in 13 N HC1 or in 204 alechol ssturated vith
| .- HEL on A ,._thmmmm. Wt raghing with ths seme reepents strips
RIS - tthantd Finally; mminiéumelute&&namrg
ma‘p W %th 3 M Hﬁs

B mana&ﬂ@ﬁmmmnmympmmamemmwm
: m& them on colimme of Bowex~s0 (126 m@linka&) spherical resin snd desoiption
< udth buffeved solutions of mmmonfum Gehydros sobutyrate, This separstion ls ,
. nomally deme Ab eleveted temperstures 879 m m alm been mw st room nm-
mammmdatmmmmeamwaeg./ ‘

e %'m fiml ramiﬁ;mtim abeps are @M cm&e& wﬁ by adnorh the mixtm'
oontedned 1a & 0% ¥ 201 solution on mlm of Dowex+50 (4} excus 1) resin,
It this way the band width of the adsorbe | paterial 1s kept narrow, mmﬁ. daw.
gorption 46 performed with eapaaiuny gm'med 2 M BO1 which pemoves meny -cofnon
- impurities, PFioally the aotintdes are desorbed with especielly purified 6 ¥ HL

solutions, Toese solumns aré normally opersted at 8700 end sharp peaks are abta&ne&

haﬂmgat&lwﬂthaﬁmlfamm»iﬁd%fcrsgﬁ.mwhiaiﬂm ' ,

Iﬁ !sht miazm et‘ eﬂ:gmie mlemz ‘agents the mma.uy imamhle liydrox-

i&e@ m not 8 pleeipitated, Thepsfove, the actinids alesents present in a-
hyAron; ammm ‘solutions are sdectbed on Dovex«30 (4 cross<linked) resin after
s38ing HCL to the buffered solutivn in sn amount sufficlent to give a free hydro-
- chloric aeid soncentrstion of ~ 0,1 M, When the columy are operated st BY°C the

| tiensourdun eldsents ean be geparated, using & rather small smount of vesin, fyon
© wery largs yolumes of acidified butyrate mla%im bacuuee ai’ wery fa:wrable Atntrie
mﬂtim izoémfamnta in fevor of the min,. , ,

Amm émetiaa atepmmw scme of the aemmt&mamt&mﬁm
(wa mt vith solutions tontaining orgende complexing agents) le that of cospreci-
. pirating the tvanscuriva elements with ferric hydroxide by the addition of sn
‘exoens of NEYOR (ov strong bases) to acld solutione of the elements, In this caso
pome of theé w able fisslon proQuets snd impuritics mey be removed, The re(aa)3
m ’bb mmma ﬁa %1 and’ !‘mﬂly rasoved h:r adsorp‘bﬁm on m:,m maina.

ST A mekhe ‘widch ks been used vith ecn® GuFtess as an alterative step to
" : am of Wﬁ& &emﬂh@d wbove (particulsrly in remote controlled operations bshind
WM&MHQ is thet of sdsoxbing the mixture on the top of a Dowex~l (8§ cross-
linkea) fesin ecolumh from a concentfated (+ 12 N) sclution of 14€l, The actinides
“strongly sdsorbed, The columns sre opirated st elevated tempereturss, prefersbly
Ao, Pasasage of 10 ¥ 14€) solution through the colmn désorbs the rave earthe
- | #iret, and the individual wotinides ere partially separeted from ¢ach other, the
© nesvier transcuriun actinides being most gtrongly. mm Plutontun e very
steongly adsorbed and can be desorbed finelly with hydrochlorie meid solutlons.
- ¥haen uma mta of alphd Mem:wity are prew:m theve 48 some inerease in




mém dm t@ ﬁha Rﬁ (@,m) mmtien. Anmnim thmcyanﬁw eomld
"'13 be used in place of lithium chloride under similar opersting. conditions
‘but has dot beer used in our work beceuss of wncertsinty emneemiug the effoct
_ teaae raﬁiaﬁen on: ‘&he ae:; ,,; _ &t&@n af ﬁhiccmate. -

S Iﬁ wi'ti ’b& ..geen ‘t;hem the twa maigm mes‘t; ommoniy uaad e ﬁawex~50 (eatien)
"f",‘l’aad Bawex fwl ands ) -mﬁcal (aﬂ%ﬂ% mesh si%, u»ng emssal&nke&) or colleis
<0 8al vesin, dape Sments, : ' cesprey for reproduce
C - abdldky af 'Ehé ee&m sepamﬁona and cnemical ;puﬂty of the m&ww i8 the gt'ad

.. ing eud clesning of the resins which are oftén impure end congist of o wide rangé
- 4 ¢ 8lzes, The reaima ave sméed (in m emzondws form. ﬁa; Powex«50 end
xa m‘emmae form for- Dovex A1) by allowing thel to settle frum aquscus suspens

o ‘- fraection with & pettling z‘a‘be mwwa 0.25 and 0,50 m/m fs collected

v and cmaawnés 40 the finer fraction of the wigfaded material, This froction is
o most useful for rapid separations. The Pesins are washed altemately with - :
S concentibated HOL snd. concentyated mm; ringed with scetone or aleohol and finally
L with water, It is Amportunt t6 tegt chavscteristics of the resim uadar epera.ting
@mﬂr@ﬁm baf.‘@me uamg tmm &r emaﬁal eeparatims; ..

: x‘ha &immim of tim z'eain wlw a&*e chisen m give the &e@e@ and apeee.
eparetion zequirsd end mey very in size- fmmﬁmﬁimemr and 1,5 em dn
mam_,ﬁm 1,5 o ddumeter and 30 om 4n leagth, A typical column used to
ke 3 3ally "welghtless" mateyiels is shown in Pig., 11, Colwnns of this
"tm are Wetmes eqm?pﬁﬁ with & 0,5 mm Qtameter platimm tip to insure s con=
8%t drop size of approximately 13 A3 shavper sepeietions result from the fact
m%”tm of 14quid on the ‘sip, Just after the drops fall,; is nininized,
rop Sima'.'uﬁmam o be a ma:}w Pactor in obtaining reprofugibie .
134 vidua pe dre collécted, With the smallest dlemeter columng
Hageous to ecol audd. accunulating on the éolumn tip at '
- intervels Tathesr than colléet the &rops separately, The amallest
B ,‘& grent a&vamw in re&ué - the smounts of  cormon impurities pre-. '
 with m iy “weigﬁi ,_*"-“as quammies ef m Imwy ez.emema, -

: tima ézeserfbea abm m be ammaa in e nmher of vays o
he-ame abmmsi‘ ed, The order given sbove epplies primexily to the
A8t 39 fvom mm relatively 1lorge smounts of fiselon products
In ‘the -cans of high levels of alpha radicactivity from such
&%, 1t ey beé desirsble to. aveld early precipitation
p&mﬁe ﬁhe mdivi&:al actiniﬂes by ion exchanga;

. 4o the ¢ w bf Maamgm xz ia hnmrmt to be@n tha d@aerptien vithv
bma of the elements to be separsbed. Thus it 48 adv&mble, a8 & rule,
ir W%mramna%mmywmtheagentsforae' ption eve added,
‘dayer af msia is a&ém ta. cover the aative hand tmﬁ ia other

£ .:byavmmm aai@, 1t i Wm '@o aindnize m m.‘u:mé mﬂdad ami %o al:ww the
8 A soﬁ.utien ea pasﬂ aemplebew into, the maain bafere aadmg more emaplexing agents.,
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The most important chemical separations used st Barkeley for the transcurium
alement saparstion are thoss described adove. BSolvent extraction msthods can une
doubtedly be used in place of some of those described above; they have been spplied
very suceessfully to specisl prodlems.

PREPARATION OF THIN SOURCES

Thin uniform sources are useful, not only for target preparation, but for
stulies in nuclear epectroscopy ss well. The most useful methods are those which
are adaptables to handling swall smounts, hence painting technigques, while used
. extensively with the lower sotinides, have been little used in preparing transe
curium sources. Extensive and ussful literature exists on source and sample pre~
parations (i.e., Reference 30). However, the methods ard techniques, as applied
toltba transcuriun elements, have not been previously summarized and are given
below,

Electrodsposition 1s easily the most popular method not only because of
the high ylelds obtainable but alsoc because it is relatively simple; the deposition
ares is clearly definsd and the msthod may be emsily edapted t0 meet individusl
requirements. It is aleo not difficult to recover valusble isotopes which are not
deposited {nitially. '

The cell is mede from a glaes tube and the lower portion is shaped in a
maaner which defines the deposition ares. The metal foll on vhich deposition occurs
serves as the cathode and & soft plastic "washer" is inserted to insure a water~
tight seal arcund the base of the cell. Sometimes leakage is minimized by placing
sround the plating cell s containsr with solution at the same level &s thet in
the cell.

The solution containing the transcurium fsotope is transferrsd to the cell.
and after addition of two drops of methyl red, the pH of the solution is sdjusted
to- 2.0 « £.5 and 2-3 nl of saturated NHyCl solution is edded. Bringing the solu-
tion to the desired pH mey require passing the end point several times with suc~
cessively wsaker solutions of N,OH and HCl; the final sdjustment is mede with
~ 0,05 ¥ EC1 solution. Alterna‘ively,the initial molution may be evaporated to
dryness and the residue redissolvea in & prepared 6 M NH,CL (pH 2.0) solution.

A platimm wire anode (wound in concentric circles at the bottom) is placed in the
solutiox:néﬁs mn sbove the metal plate cathode. A current density of 0.5 to 1.0
sopere/cm® of cathode surface is medntained for 20-30 minutes. With the current
on, the pH of the soluticn in the immediste vicinity of the cothode becomes high
enough to precipitate the actinides as hydroxides that deposit on the metal plate.
The deposition is stopped by adding en excess of concentratad RH, O to raise the
P to approximately 9, the anods is lifted from the solution and the current is
interrupted. The cathode is washed gently with water eand scetone, dried and
heated to & dull red in order to convert the hydroxides to the oxides.

Bince most of the elaments that precipitate as hydruxides or hydrous oxides
are electrodepcsited by thiz procedure, trace quantities of these elements must be
excluded from the elactrode surfaces, electrolyte and cell parts as well as from
the target material if a pure deposit is required. :

==
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m mm af vapaﬂmwm frms 8 mma ﬂlment ia ma*k ﬁtten emplwyad
padation of thih dources for mowsuremsnts in alphe partisle spestro-

epering thin unifoms sources,

"4t geemy worthvhils to metition a few aﬁm of mMuas (aﬂ éﬁm&ad by Asarost)

C Viikeh costrfbite. to good results,

j' At ationld bé m@&mﬁm bt the e‘wﬁ&a‘b mt the iww 7 ?:é Wﬁ%ﬂ must
: %;-a M of Wc&aﬁ.&_w&iﬁam of imparities, %he fiasl purificstion of trang.
e intdes 1o uminlly sccomplishied %y tepented misorbtion of the mixture on
- . 3@ (ltﬁ nroen«linked) yesin (frow 09 a mi mhmw) m ﬁammtim firet
,wanzgm;anmm;rweaégm‘ , S

_ ) Mmmweaérmumam@emmaﬁmm@miegmeama.-
o tmga‘han filament (bent into a ¥ shape). The evea of this deposit can be
L asm @oall by vepested evagoration of small portions of the isotope solution on

:' mm& ‘ares of 8 wigmed Dilsment, {Cave must ba mmmmmﬁm)

e Spece above the filmsent $s then evscuated and the filement 18 hested to o
Co bemperntufe Just sdequatd to vepordne orgende residues and other volatile mpuri-
S 'ﬁ&w. fhe surface on which the isotope ia to be vaporized then iz placed very

K i glope to tha ﬁi@nm‘s and the wystem 15 pe-ovacusted,  The filasent is “flashed”

- tsneger ylelde of greater then D03 with

" gtw bigh terperaturs for one mwwm In this way 1t 1s possible to obtain
sposition in & meall ades, With bome
effirt, the gourees obtained ere sufﬁe&eaﬁiy thin so thaet helf-widths of 1,2 Kev

2 o alghe w@nm in the € W&V vengs have besn messured, A halfewidth of § Kev

S ,;m"“’g mm hm@ to 8 hi&h

ndmm - oF Lated deposits, however; less effort hes
‘besn app‘uaa mat& emu&ﬁing m bam posaible Yesolution from these sources,

: e mmwwmmmwmmpmm
rature e.fwv éammtm@

wized and elsciroplated smexa have been ocom

l’lum, 'm, ‘snd nickel fotls, Eleotwoplating on slumdmm of other metals having
o -en oxide fila m baen isss guscessful, Meuy fastars influencing the z:’sema end

ted &apwits are mt woll Wﬁmu ,

S AT !wthﬁ"' .,imgﬁ_ﬁhﬁn Wah&sb&m duseribed by
~ mwumﬁ The material to be de P \

A

e Wlwn{ma e ejuoted n the forn of & fine ﬂmy‘m a capfilary by

| mw 16 mwm ‘ara m& &amﬂiw& on a suits

tetlon of sn electris £leld, The droplets ere evnporated in transit. m&. the mm
1o metal ﬂl&‘t’zﬂs

% pical eiperin ‘%a%gmammmmmaw&wwmubh
: -é‘m:@ a&.s m Wsmeter aa@iuwy previcusly filled with scetone contednlng sbout

0 10/mg/ml urmim in the form of its bitrate, The collecting plate was placed 1-2

om below the tip of the vertical capilisvy end s voltege of 46 KV uas applied.

w;%h & steady eyrrent of 0,1 to 0,2 p smps the deposition of 5 A of solution (cone

% -vsﬁmmm)mmhmmmzmmmw. The deposit, covering

& wﬁil defined cﬂ@mnlax ma -of shout one cm Glemster, wes £1
‘vm aﬁherant, zma. shawed 1o tenﬂméy to ﬂm

o m&mmm at the M‘veraiw of Gehfomi& Radiat:&m wb@rwhwy by
| Sikkeland ¢t al.33 have ineluded shovtening the disbance between the cepiliedy
Bad c@ueemng g plate, lmwﬂng the applied voltage m 3-2 KV and placing the

e ab 500’(:, WS

: aemama on plati- =



fw;m Systen 40 6 Wazur:m., sather than & vertical pl.me n amum, the

g . ‘oollecting foil 4s hested from the back side to ~ 300°C sad movesent of the cols
. levting plate slovly fn & two dimenslonal cacilletion permits the selection of a
. small, yredetermined and velladefined torget ares, The procedure hus glven ex-

S &1 .',,,At xesnl%s in tbe wnmbm :;sf wanim, 3>1uténim, amﬁ aurim te.r@ts,
, freghly elsctropiated deposits of C2252 have the interestin ? mye:ﬁ;y

L ,':',i»__@f gs,u,.wafw :sem the surface, The effsct hus been obgutved with 0F2

it platizim foils that are not flamed safher Adeposition, Iu msa
cades the Yots of tressfer hag been oheurved to be as grest o o8 1¢ per day, When

X3 N wmm weye Tlomed at tempefatures of approximetély 5009C, the rate of trendfen

6d 4o about 0,03% per duy, . Advantage hms bHeen taken of this phexomenon to
 yacuo the trensferred CFO5% atams on » thin plastic fiin Such as VINgG, 3

P ngmf%ma can then by mede on both fragméuts emitted in apontaneous
- fiselon procdonen, It was slso observed, however, that thé plastic films becume

R “brittle and were essily btwoken, Phe mechanimm involved in mfer af the 02258

= s 20k reragve aammm msmmm w0 dam.

~

oo | mm mww CHINISTRY

UL @nﬁh “““ ?,m vi’ mnwrim ige%om by atm-ged pmielse bmmm,
g -&gxcﬂaﬁng fiasion competition at higher 2°/A results in mualler ¢ross-secctions for
- the ¢ ation products, MWovefors, 1u research on short-lived isotopes there vap

D mg for dnoressed sensitivity for sepaveting and detecting the isotopes and, &

U vemust, many “x‘as% emmism techn:
L varget meve vailabl
7 profust susled vithout demegt

ey wery dsveloped. The limited smounts of
hse made it adventagecus to collset snd separate
the target iteelf,  Orest progress in solving these

T problens cmte whth mymﬁm@t of the "yecoil msﬁhod’” This method mekes ume

| of the fact thet p

St U stapdy placing & “embeher” foil c.
. mn Snitial separation is achiew

o - hae tl& am&ma& advantegs that ite chloride complex 18 strong
S foile can be obtained {(~ 0.5 ng/

s ] from the inecident particles and
thin, these nuplei are gjected fyrom ft, By

clnee to and divectly behind the terget material,
mmmazmhxmmmammmmr

‘16 the tergst f1lm 16, mxfﬁae‘ieﬁ»

STk Gold, pallediun end nickel foils aie cmmlar mﬁ. 86 cauenwr foils,
Pasy wrw all good cindustors, sble to withstund dutanse besme of chavgsf particles,
G i > Fapidly éia&eivm &nd soparated Prom the actinide @men%m Fgle
. 4%s behiivior on anfon exchangs. mlgmﬁ een ‘be followed vimually, Very thin nickel
Hrom A D, Matay, &m‘, x;z:'), and exe my
;t“ai ‘bac;m ﬁzey hava cemﬁderabh m:zhanical mrengﬁh

ﬁ!he aevammeat of the &uﬁﬁn‘mf chanml pmm {mg. la), a tmﬁ mw

. deslened to inteycept the move intenge mwmofummzmm wes a plgnifi-

. cant step in the development of veeoil techniqus, &

S ({f1ed wre&m of the
‘probe shown in Pigs, 12 and 13 pemits the mm eﬁ’ the mlbctmg mn in lens

ﬁi}a‘s ten mema&s affter the anﬁ of bmbsr&wnt

S ‘Whien thes recoll methad 18 used tagoth:w with "fest® chemistery mchniqaas, :
- .:l:b is mssibls to study msmy shiors M.vsd dgotopes which could not be detectad

13~
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, . : . 11,35
. . mﬂx!)%s Euo used for alpha bombardments of the isotopes ma‘*’* ’
ng %g . cf%:%a, #3% mng ng 39 4n vork which resultad In the Qiscovery ’
of msny isctopes of the tramscurium alements and in the discovery of the element

mendelaviun, A typlosl piocedre using "fast" chemistry techniques is as follows:
The eateher foil, gold (0,1 mil) or palladium (0.05 mil), 4s placed Sn a
planchet conteining 25+30 A concentrated HCL and 10 A concentruted HNO; at 50°C..
After dlssolution 4é couplate (15 seo.) the solution is transfeired to the top of
. & very sssil Povex A-l snion eolmmn filled with resin and maintained st 879C
(Ssnirsbed previcuily), The méthod of transfay, wishing afd elution (with 8 ¥ HC1)
haa besn described earlier in digcussing andon colum operstions, Five &rops of
elumt 35 sufficient to elute the active fraction frowm & column 2 nm in diemeter
20d a fev centimeters in lapgth. The drops are collscted in a heated planchet and
the £014 (or palledfum) is retained on the column, The eluate is evaporated to
Aryiess by hesting and directing an air jJet gently over the liquid, %his fraction
can be collected on & platinum 4isk, flemed, and subjected to alpha pulse snslysis
or the actinides can be elactroplated on counting discs, For further sepsration
the residue, usualiy befare fluming, 1s dissolved in a minimas of 0,05 M HC1 and
transferred to the top of a cation column from which G-hydroxyisobutyrate is used
to elute the 4esired fractiono, as described earlier. The sluate is caught on
platinum plates (ons drop per plate) and evaporated. The plates are heated to
& &)1 red in a flame and are often counted in en ion chmsdber connscted to & dif-
. ferential pulse height analyzer. The total tims from end of bambardment until
. counting begins bhas been less than four minutes £0r some cases in vhich both the
anion dnd cation column separations vere made. ,

.- Rxploratory experiments for short-lived alpha particle emitting isotopes
in the trsascuriun region are sometimes made, using thin plestic filas o -collect
the recoil atoms, BDest results have been obtained using "Mylar” (obtained from
DuPont) or "Terelens® (obtained in England) filma of thickness 0.3 - 1.0 mg/cmB,
These films have good mechanical properties and sre sble to vithstend intense
“besms (~ 50 uym/em2) for 20 minutes without eignificant deterioration, 7The plastic film
is removed, placed cn & platinus plate and stuck to.the plate vith a few drops of
acotane, By bringing the plate fnto the center of ‘s gas-air flame, the solvent and
plastic are burnsd off vary rapidly vithout excessive spattering and the counting
- dise flawed, The plate 4s then ingerted in the counting chamber. 7Total time from
end of bombardwent has been os little as 36 seconds end some ylelds have been
mneasured et more 90%. A similer method employing Tygon films has been de-
sorided by a group’ reporting the production of element 102,

- When the recoil method is applied to targste which are themselves very
radicactive, the detection of short-lived transmutation products is scmetimes
obscured by the larger sacunt of radicactivity due to the targest etoms vhich are
transferred vith a relatively layge cross-section. The untransauted terget atoms
yeceive much less momentun transfer from the bombarding particles, and so bave e
short range compared to the transmutation products, Interference from transferred
target atoms can be virtually eliminated, vithout significant absorption of the
transnutation productgé by dspositing s thin layer of a material such as sluminum
over the target area,

In the collsction of reccil atcms from a bomburded target, it is essential
that the target be thin relative to the ranges of the recoil atoms if e large
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" fraction Of these atoms ave to be collected, The resulte of en investigetion of

. .
W

IR ”ihe'mwé straggling of recoil stoms have been published by Ieachmen snd

. Atteriing.?  In this peper formulse are given which ellow the calculetion of these
oquentities, The remults are in reesonedbly good agreement with the axperimental
;o valuss obt&ined by helimy dom and hesvy lon butbardments of heavy puclei, Ex-
.. periments heve shown thet t’gﬁmuﬁéﬁe‘ involving campound nucleus formation in -
' ta¥get isotopes, such as (a"™ with 40 Mev heliun ions, abmxthgoﬁ of the recoil
" ntomp esoape if the thrget thicknens is 10 microgrems on™%, - The recoll ranges
. 4n hesvy ion bomberdments ave propoftionsgely larger bscouse of grester momentum
- transfer, The momentim transfer is less for reactions involving direct inter-
sction mechanimns sod the ranges are reduced accordingly,  In this case the recolil
ranges. are lens than those calculated using the formula of lLeschman end Atterling, 'l
.y Anothey isportant factor to be considered in dasigning a Tecoil target
J *@maizu; the sngalsr distridution of the ngﬁii stoms, Hirvey, Wade, and,
. Donovente hive found that for the resctich mP* (@,2n) €0, using targets of

’ ]‘ 'iallt&'-m@emsms .. "8 thickness, over 90% of the recolling stoms are collected

Af -the ‘solid angls intarcepted by the catcher foil 4is st lonst 20 dsgrees, (8ee
 Pig. 1k)s:. Broader angulsr dtstriditions are obtained for thickar targets and fo
© * rescticng Livolving divect interaction mechanisms, e.g,., the (&,p) reactions, In
-the cage.of yeacticns involving compound mucleus formation, the. angular distri-

vution 'of vréecoil produsts 4 more atrongly peeked ik the forward divection, e.g.,

. “An the <(a;3h)," (6,41), 208 (C,m) vesctions in the heavy isotops region,

" PRODUCTION GF 34OTCPES BY CHARGED PARTICLE, BOMB:

T T {mvrged padticle bosberdments of haavy nucled yrovide an important mesns
. of cveating mnd irivestigating trenscurium Lsotopes, Hefereuces to this work
have ‘been mentionsd 4n the previous ssction, In sdaition, a rather complste
dsgeription and interpretation of the reactions induced by beliun and deuterium
fons is given by Thomas, Harvey, and Seaborgt3 (to de pudblisked in the procsed-
irigs of this confersnce,) These authors successfully employ a modifisd Jacksonkd
model in vhich the effect of fission compétition 3s included to explain spallation
. orpes~-sections of campound sucleus type reactions; '

In con*rast, heavy ion reactions have been studied less extensively. Ghiorso and
Sikkeland4’ have prepared an article {(to be published in the mroceedings of this
conference) reviewing the present status of research on heavy ion reactions at Berkeley.
Inasmuch as both e xperimental and theoretical aspects are covered in their paper, it will
be unnecessary to discuss this subject here. ' '

—— .- - oneLibmNG §

. ‘The present paper is the pegult of an attempt to summarize the information
aveilable on the production of the transcurium-isotopes, Methods and techniques
uged for resesrch in thia field areslso included,” We hope the information will
be ugeful to those working in the field or contemplating such research, The pos«
sibildty exists that same of the methods and techiniques can be epplisd to research

1n other fields,

«15-
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S Mnsc\n'im uotopes are belng used in at;uxuu of lpontmoua fission and

: Mwea fission, heir use in nuclear spectyoscopy research pramises to give much
"‘information concerning nuclear structure, In view of the interesting properties
) of trenscurium elsments and their isotopes it is likely that much advancement will

. _ ocour in ths future, . With advances in dasic ressarch in this £ield it 1s reagonsbls
f . to expect that preetical appucauona vill follow, The eventual availsbility of
s 7 ‘large eourtes of Cr33E (vhich ‘decays by sponteneous fission) should present many

S paui.hinma for importent epplied research and even industrial -applicetions,

Thane possibilities for ths uses of trenscurimm isotopes seem to justify a much

_Weﬁmmma\wemmmwrnbmmnm

:“-

ool L. Ve vhhtothank‘r. C. Parsom, Frencis MeCarthy, Reymond Gatti, end
SO tlad Fhillips for the preparation of many of the isotopes mantioned in this
e U paper,  We' nlso wish to thexk Jean Reas and Patricis Howard for their valuable

" contyibutions in.the preparation of this memuscyript, We are grateful to others
~ too numeraus te mention for their invalusble aid,
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‘Tabié 1. Nuclear Properties of the Transcurium Isotopes

| TYPG S Energy of
e of , most abundant o or
Nuclide . decay Half-life g group (Mev)

OB 10.15%) 4.5h " 6.85

o . (6x10°%)  4¢h 6,67
k CE.C. (99+%)

o ope?eS e (0.11%) 5,04 6.15

B2 e 1.84
$- S L a ~10%y 5. 51

- :3&345 ' BT {T19% ~18 h " 0.65

B‘k“? B° (99+%) 2904 0, 08
' a {(~107°%)  ~10"y 5.40
S.F. 6x10" y :
pr2%0 g~ 3.13h 1.9

BT a 25 m 7.17

T aiad o {30%) 44m XY
| £. C..{(70%) 4

cf24o 35.7h

a4 6. 753
B.F. 2.1x10%y -

P il 'E.C. 2.5h
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‘Table § {continued)

, . Type | v Energy of
o B » - ~ most abundant a or
- Nuclide ~ decay Half-life B group {(Mev)

s o - . R

o8 e 2308, 6. 26
. sF. o 7x10y ‘

e | ~400y o . 5,82
5. ¥, . © L5x10%y

» CfZSO . e . 42y 6,024

e long (B stable)

e aeem 22y ez

sE (28 0 bby
| 'i‘frc,f?s;’. o ﬁ‘ o | ~20d _a..a"t
S.F, . “é&sd

EZ‘“’ : e T.im 7. 35

- g¥s e (~0. 3%)  25'm 6.87
L E.C. {99+%) o

" Ezﬂ : S (_9; 13%) 2h - _ 6. 76
o 250 E. C. ’ 6 h

EZSR ' - a0, 53%) o l. 54 | 6.48

-‘-18"‘
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Table I (continued)
Type Energy of
o of most abundant a or
Nuclide - decay Half-1ife p group {Mev}
- g8 a ~140 4 6. 64
g2%3 a 19.3 4 6.63
o 8. F. 7x10%y
L gB%4m 87 {99+%) 37k 1.04
E_o Gi ("’0. l%} ) PRV
© g « ~320 d 6.43
Ei% 8" Y
- g286 g 56 4
SRR ‘mezﬁ e 0.6m
' FrnM—?* | a ~30m 7.7
) ,szsg a 30 m 7.43
‘Fm?5t @ 1% 7h 6. 89
Fm?52 a 22,74 7. 04
Fm®33 a (11%) 5.0d 6.95
E.C. {89%) .
Fm254 a 3.24h 7.20
8.F. 220 4
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© Nuclide

Type
. of _ .
-decay Hali-1life

Energy of
most abundant @ or
g group (Mev)

lA(',,?_Z‘Sas .

e 21.5h

S.F. 60y
8. F, ~3.5h

a - ~l0m

a4 '35

7.08 "

8,5

20~ -
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Element.

\m RN

“Mags

~Percent

_compoition .

o em

- toundemy

- 8% 1;9'7 :

2x 10"

. 239

number

238
240

241

242
244

243
42
243

247

248
250

252
253

0.15
0,04
. 0.26
. 0.16

99,2

~0.06 .
0.6

94.14
1.9
3.4

<0.15
100

~50
~50

100

* 100 mg Bu?®?, integrated iiuxg 2 x 1022 neutron/cm?,
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- ELUTION DROP NUMBER

MU-10879

-Fig. 1. Elution of tripositive actinides from Dowex-50 with
ammonium a-hydroxy isobutyrate.
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CATION COLUMN

a:=99 Am cm ]
.w ‘- 98 . 99 Cf Bk |
s
D
)
o
> | = 4
= z ]
= |2 nl
- s ]
2 |8 )
w
w J
@
w
~
1 Il 1 i »l 1
0 10 20 30 40 5Q 60

DROP NUMBER

Fig. 2. Elution of trace amounts of actinide elements from a 5 cm'
length by 3 mm diameter column of Dowex-50 12 percent cross-
linked colloidal cation exchange resin. Eluting agent -~ 20

~percent alcohol ~ 12.5 molar hydrochloric acid.
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a Pu
2 o E
107 X Cm
o Am
+ Cf
e Bk
20
3
X
10 . L . . -
10 20 30 40 50 60
DROP NUMBER ‘
MU-10462

Fig. 3. Elution of actinides from Dowex-1 with 2 M ammonium -
" thiocyanate at 879 C, ‘
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"~ Bk

c/m

E 3

5 20 25 30
DROP NUMBER
- MU-10467

Fig. 4. Elution of actinides from Dowex-50. Resin bed 2 mm
diameter by 5 cm length. 1.8 M ammonium thiocyanate
eluant at 87° C. ’
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/ 44 245 249
Co2s oCM—220,CM_28 4 C CM—ss_CM—200,CM—2 50
o \ 63M
5F/ Tamyé 58{ 18y 5520 7%9 P 8000
) 249 250
BK__mn_.BK__amm_.
3 ) : ss/
2000 3.3 (.//”
282 283 264 288
Cé¥ero ,CF“?sac,C:-Nsooc‘Cr s0 ,Crrso JGr <2 CF
36 . 3000 « F 'y s
F Y : 2.) 133 180 SHORT
/ e /F ¢ 5
2000
: 2720

s-: MU-14871

Fig. 5. Reaction sequence showing the paths bi’ which CfZ'SZ-‘ cah be
formed by pile neutron irradiation of Am 4l in the MTR.
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Fig. 7. Production of CfZSZ from Am and Cm at different flux
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Fig. 8. Production of'CfZSZ from various starting materials as a function
of time. '
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Fig. 9. Production of Cf25Z from Pu2'39.for various integrated fluxes,
(neutrons cm~2). ' '
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Fig. 10. Energy pfoduced in '"burn-up' of Pu as a function of time.
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Fig. 11. Ion exchange resin is used to fractionate a mixture of the
actinide elements. The resin, located at the bottom half of the
inner tube, is maintained at a constant temperature by circulating
trichlorethylene vapor through the outer jacket. The actinides
pass through the resin at characteristic rates and emerge in

sequence from the bottom where they are collected on metal plates
for analysis.
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Fig. 12. Schematic diagram of the deflector-channel probe.
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ZN-1504

Fip.: 13, Internal Deflector Beam Probe, .A. Precollimator, B.
Target head. C. Collimator. D. Removable degrading foil.
E. Target. F. Catcher foil and Faraday cup. G. Faraday
cup holder.
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APPERDIX I

' The mth and Beeay Anelog Computer was designed and constructed by
R, P, Robinson of the University of Californis Reddation Leboratory, Since

ite description 1g:not avallable in previously pubidshed literature a brief
description is given here, - This computer is o 8evice to reproducé by elactrical
analog the growth and decay of mewhera of & rodiosctive decay chain, Let the
. eheln vrith a8gociated decay eonatants be represented by:

A«ﬁ»a)ﬁ@c@om‘mi>aiﬁ»

séuitng Wit a*wma of A at time zero, and none of the other components present
g mmmy the aifferential equnt&ons aret :

T = MA

o |

a ?‘1‘“‘?"23
ac | . ~i :
-&g | " ?259.35
ao o

@ = A

‘end the genérel solution 18 o

5 "”;.f'a;"l*z‘-“‘,**"m, [&fw;*ﬂ T SRR

L ,
(xl-ah)(nﬁh)w“bh% ]

» ?ar a hme mmer of cm;ments, and espesially when two or more A'e ave almost
- equal, the numérical evaluation of this equation is laborious, An altérnative
__mathod of ng thua aszemaﬁa& equations {e in terme of Laplace Transforms:

Y, = &oﬁ_.l,“ﬁ,’b B o
LTt R e R, TR,

: is ﬂw f:msfm of the nth companent, An electrical analog of the
timt dgffemntial equation i¢ simply a condenser discharging into a resistor:

; &£ ..,E... ¥ = L..8
& © TRe s Bw

7
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% N} 2'»4

N ’V,n_nw AR ”ﬁeﬂrf\

,_'g ﬁ' }’1 @mm e exm eiactrﬁeai sonlog for Wﬁt Av The feetor
: gtep ﬁm&ﬁw m’b zem mne uhmh starts the zﬁ"@c‘.$sﬂ. The

'i, 3 a v@lw mtput as mmsibh, The TE«
fw mzam, ﬁw tmrﬂ mment is

_ A wm 18 alw mvmm o
: ‘,ff & w'ym&ewmma time end the result
baking rendin af mem at t.imeﬁ m@ ahort

[ »f_;:j-,que%i@n zar @emmer reagcm& %ﬁma &s iavm vﬁé. -} .-; .
S E@r 4he ;am}aieme 441 _'*13; enéomm&, %’m ¢ azfs are 10 mﬁ,erafarm
SO . ':E‘mlyia%mna xmite m& Ahe mmm are ‘one meg@m ﬁéliga%. Pmmim 1o mede
SRR ;{ o mﬁms 1t1on msmtama aa aeﬂes wibh m ﬂen;xm ‘vhen me&a&.
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