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Separation of protactinium in the reaction of

60 MeV／nucleon 180 ions with natural uranium
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Abstract The activities of protactinium wer8 produced by the rnulti—n1一eoIl

transfer reactions in bombardmeⅡt 0f the natural uranium with 60 MeV／nucleon 18()

ion8．A 8iIIlple，relatively fast radiocherIlical procedure wa8 used for extraction s8p—

aration of pro‘actinium from the uranium and a varicty of reaction products 1lslIlg

1-phenyl·3·II]Bthyk4．benzoyl-5-pyrazolone and tri—i80-octylamine as extractants Th(、

7。ay 8pectrum 0f the separated protactinium fraction8 8howed that thc protactiniunl

could be separated from all of the main lmpurity elements． The decontaminatioIl

lhctors of the uranium and the main reaction products produced in the reactioIl are

given．
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1 INTRoDUCTIoN

Fbr studying the decay properties of short·1iVed pr。tactinium isotopes produced ln

the heavy ion inducednuclear reactions with heavy t盯gets，it is often desirable to remoVe

a bull【of target materials孤d the other reaction products A n血ber of papersll一J haVe
been pubhshed on radioclleIIlical separation of the protactinjum，but up to now there

have been fbw papers【8j describing the radiocheI血cal isolation of the protactinjum from

the血xtllre 0f many kinds of reaction products．Thus，we studied the separation of t}Ie

protacti正m from the main reaction products血boⅡlbardment of 232Th with 14MeV
neutrons by using 1·phenyl_3_methyl_4．benzoyl．5-p”船。lone(PMBP)越a工l extract arLt H

FIom the 7 ray spectrllIn of the separated protacti工lium f￥action，we fbund that the pro—

tactiILi吼c0111d be separated from most of the main reaction prodllcts except for Zr and
Nb．Subsequently，an improv锄ent for the method was carried out．A s而ple，relatiVely
fast radjocllemical procedllre was developed，by wllicll the protactinium was extracted

into tri．iso—octylaⅡ血e(TIOA)after extraction and bac】【-extraction of protact血i眦wlth
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PMBP as姐extracta砒，妞order to remove Zr and Nb from Pa． Tms paper aIms

to present the det ailed separation rnethod of protacti血um produced in the reaction。f

60 MeV／nudeon 180 ions with the natllral 11ranium，

2 EXPERIMENTAL

2．1Ⅱeavy ion irradhtion

The jIradiatioⅡ5 were perfoI丑1ed at theⅡeavy Ion Researcll Facjljty(HIRn一)in
the In8titute of Modern Physics(IMP)．The natllral 1lr姐ium targets were bombarded

with 60 Mev／Imdeon 180 be黜 The targets had a thiclcness of 1．5 g／cm2，in the form
of(NH4)2U207 The iⅡadjation time was 10—30血n and the average current intensity
w抽about 30—40 enA．The activities of the protactinjum isotopes wer8 produced through

the exotic州ti．rmdeon transfer reactions． The beaIrI mtensity was monitored with
a B盯ada，cup． After the end 0f irradiation，the target w幽ra枷dly transferred to a

radiochenlical 1aboratory by a pneumatic transfer system where rad主ocheIIlical is。lation

was carried 011t．

2．2 Chemical separatlon

The irra(1iated ura血llm target was diss01Ved in 4．0m01／L Hcl solution．The isoh—

tion of th8 protactinium在om the 11r戚um and other reaction product5 was completed
with the foUow堍che商cd procedllre．

The radioclIemical separation procedllre of Pa is illustrated in F堙1．IIL the proce—

dllre the protactinjum was first extracted from the taIget solution into 0 05 m01／L PMBP—

be拙ene and then bad【．娃trac￡ed illto the aqⅡeous phase by 4 mol／L HCl一0 5 mol／L HF

solution．In these two steps，the protacthium c01lld be separated from the uranium a11d

most of the other reacti。n products except fbr Zr and Nb．Only a tiny portion of I aIld

Po stiu zemahed in the mot乩t证ium back．extraction aqH皂ous phase h the folbwlng

st印，protact血illm together with Nb was extracted into 5％TIOA·xylene from 12 mol／L

HC㈨．05 Inol／L HF solution，wlIik Zr remained in the aqueous phase Nb then remamed

in the orEanjc ph越e aRer protactinium was bac】【一extracted into 4mol／L Hcl—o．5 m01／L

HF solution and fblally separation of Pa丘om Nb was achieved

The s啪ples for caunting were pr印ared by co—precjpitation of the Pa fraction with
ferric hydroxide．The che血cal yield of the radjotrace。protact“um was deterⅡuned to

be about 80％with the aid of a 233Pa radiotTaceT．
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Orgamc pha拍edis∞rd)

Aqueous phase(coH诅i八ing zr)

㈣s髓rd)

O叼ank phase(∞nt自inIng Nb

㈣s儡rd】

Aaueous solution《dlscard)

F培．1 The chemical procedure for s8paration and purl矗cation of the protactin|11m lronl rh

natural uranium irradiated by 60 MeV／nucleon 180 iuns

2．3 RadioactiVity measurements and data analysis

The tiⅡle between the end of the irTadiation and the staTt of countiIlg was about 1 O

15ⅡdⅡ The separated Pa fraction w船measured with a HPGe garrlma ray sPectronleter

system iIl a 1aw_bacl【ground 1ead clIarnber．The HPGe detector with 30％efhcien。y has an

energy resolutionof2．1 keV(FwHM)atthel332keVl主11e of60co，The energy cabbrati∞
of the system was perf曲med with a set of standard 1 ray s01lrces．Measllrements werc

made jn a m11lti·spectrmn mode．The acq血red data were stored on the magnetic djsks

with a PC．CAMAC Multi．ParaIrleter Data Acqldsition System【1 0|，and an“yzed bv a 1

spectnlm aⅡalytical p‘09ranl．Radianucli“s were identi矗ed accordjng to their ga皿nla．

ray energies and relative htensities．
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3 RESUI卫S AND DISCUSSIoN

Voll3

The 7 ray spectrum of separated protactiIlium fractions is shown in the Fig 2 It

can be seen from Fi昏2 that there are no other i111p11rity isotopes except for protactinlum

isotopes in the Pa fraction．

2

ChanneI

Fig．2 The measured 1 ray spectrum of chemically separated Pa fraction in the reaction of

60 MeV／Imcleon 180 ions with the natural uraniuIIl

The decont删nation factors obtained by the experimental measllrements are hsted
in Table 1 for the uTanium and the main reaction products．The energies and bTanching

ratios of 1 rays for each isotopesⅡsted in the Table l w盯e ta】【en丘om references⋯

The majority of the decont越血ation factors for the血lpurity elements are larger than

104，in山cating that the reslllt血g decontam血ation for most impllrity elements，e8peclaUy

11ranj啪，Iliobium aⅡd zirc伽dm，is satisfactory．The dLemical procedure described above
is very usefm fbr ident讯catjon of any unknown neutron—ridh isotopes of the protacnnJum

Droduced bv the nllllti—nucleon transfer reactions j工l the boInbardrrlent of natural uraniuIn

with 60 MeV／蛐deon 180 beam3．[12I

∞lu80．0l_

*；u]ou’0I_
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Table 1 Decont吼inat诂n factors of the rnain impurity eleInent8 in t11e procactiniunl n a(。tlo

separated from the natural uranium irradiated by 60 MeV／nuclcon 180 ioIl‘

The trace protactinjm could be”antitatively carriedby the Fe(OH)3 precipltate
and the extraction emciency for Pa in each step of the procedure was also high enough．

It is reasonabk to get a lligher chemical yield 0f Pa by usiIIg the procedure

Tabk 2 shcm，s the variation of the extraction yields of Pa with the shakinE tiIlle

using PMBP as extractant．The bacl【-extraction yields of Pa fIom TIOA as a fI工Ilctlon

of the sha】【血g tirne are given in Tabk 3．Table 2 and Table 3 show that the e盖traction

or bacl【．extraction eqlliUbrium of Pa can be achjeved wit王Lin 20—30 s Therefore，【he

procedllre could be preformed血a short time．It was sornetiIIles necessary to wash the

reslllted orgaILic phases once or twice with 4 m01／L Hcl or 12 mol／L HCl—0 05 mol／L

solution a血er each extraction in order to fhrther reⅡlove some of the trace imDurlties

T8ble 2 Relation of the extraction yield of Pa aIld tllc s11aking timel

’The aqueous phase is 4moI／LⅡcl solutioⅡand thc organic phase is 0()5 nlol／L I’MBr

benzen8

Table 3 R￡1ation of thc back—cxtr越tion yields of Pa aIld tlle s11akⅢg tlIIl

’The organic pha8e is TIOA-1ylene and tlle aqucous phase is 4 mol／L Hcl nno】／L HF

solutio“
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In the experiⅡlent，the use of PMBP alld TIOA as extractants has the djstinct

advaⅡtages，e．g．，no tllird ph越e is fbrmed and phase separati。n is VeTy fast This 1s Very

importaIlt for practical appUcation in the nuclear chernjcal sep缸ation．It should be n。ted

that protactinium actiVities were easily adsorbed on the cont缸ner waU．Therefore，eVery

atterrlpt sh011Id be made to miIIimize loss of the protactinillIIl iIl the expeT血ent

4 CoNCLUSIoN

(1)The hjgh pure protactmium丘action can be sep缸ated丘om I扯ge amounts of

uranjum and the complex reaction pro“cts usiIIg the present procedllre

(2)The use of PMBP and TIoA as extactallts has the distmct advaIltages of fast

ph弱e separation with no thjrd ph粥e formiIlg．

(3)The procedllre is simple，relatively fast aIld has higll盯dleIIlical yield for pr0-
tactinjllm
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