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Abstract A radiocllemical mocedure used to separate and purify trace conceⅡtra．

tion thoTium produced in heavy ion reaction with uranium targets i8 pre8ented．The

Procedure can r8Pidly yield thorium fraction suitable fc旧g硼ma_r8y 8pec￡roscopy

8tudic8．The reBultant gamm扣ray spectra showed tha七Th w拈isolated from a large

number of elements produced i丑the reaction，and妇ere were only a few con乇aIninat—

ing activities of i80topes of Sc，Gd，In，etc．The decoⅡtaIIdnation factor8 for the maill

reactio“products are given．
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1 INTRoDUCTIoN

hI an atte如lpt to synthesize and ideILtify new neutron-rich isotopes，it is desirable

to c唧1etely Teln胛e the target material8 and aⅡof the o七her reaction products．In the

heavy ion hduced reactions with ulanj吼targets the radioisotopes of many elements wiⅡ

be produced【lj，iⅡcluding a 1arge amolmt of ne缸target products and t缸get fragments

besides the丘s8ion products．h tlle mea丑while，the half-lives of newⅡeutron—rich isotopes

缸e e】【pected to be very short∽In order to ident讧y a new neutron、ri出nuclide 238Th，

it is essentiaI to血d a rapid andⅡ曲seIec伍ve cheInica卫separationⅡlethod used for

separation of thorium In the previous simil缸studiesh4I，it wai fblmd that there were

c0ⅡtaItlinating activities丘om some i∞t叩es，especiaUy iod缸e jsotoPe，in the 7 ray spectra

of th∞ium fractions．The preseⅡt paper describes an improved radio出eⅡlical procedllre

applicable to sep盯atjon and p埘矗catjon of th吲1蚰姐d giVes decont础Lation factors

for蜥n reaction products．

t-， 2 EXPERIMBNTAL

2．1 Heavy ion i”adiation

The irradiation w拍perfo如弛d at theⅡeavy 10n Researcll Facihty at LaIIzhou

supported by the NatioⅡal Natural 8dence Foundation of china(No．199750055)，and by the chiIlese
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(HIRFL)in Institute of Modern Physics(IMP)in cmna．Natllral uraIIium taTgets(1．5

g／cⅢ2。f(NH4)2u207 powder)、耽re jrradjated by 60 MeV／u 180 beams with a cuⅡent

intensity of 40～60 nA．The boⅡlbardmeⅡts lasted about 30 Tnjnutes for each target Af-

ter the end of irradjation，targets were 7apidly transferred to a cheIIlical laboratory by a

pneumatic traIlsport system．There the radiocheInical separation for irradiated ta『gets

was carrjed out．

2．2 Chemical separation

2．2．1 Preparation of 234Th tracer

The 0ld natlⅡa1 11ranium waS used to prepare 234Th tracer．The cheImcal procedure

for 234Th preparation has been d郎cribed elsewhere【3】．

2．2．2 Separation prDcedur。

The isolation 0f thorium打omⅢ曲m and 0ther reactian products was completed
with an improved cheII讧cd procedure．The procedllre is shown iⅡFig．1．The irradiated

uralliumpowder was diss01Ved iIlto 1．8m01／L HN03．The PMBP extraction pro订des the

selective separation of thorium from the other elemeILts．ARer w拈hing with an equ“

Fig．1 Chemical procedure for separation
of thorium from the irTadiatedⅡatural uranium targch
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v01啪e of o 6mol／L HN03，the organic phase was shaken with 4 mol／LⅡN03 for l

IIlinute to strip thorium缸to the aqueous phase． The extraction and bac】【一extraction

of Th were r印eated once again．The trace thor岫叽was c缸ried quantitatively by the

precipitate of Fe(OH)3，here Fe(OH)3 was mtered 0nto the f．dter paper ThorillIIl sohd

solirces were prepared fo。7 c011IltiIIg．It t00k about 10 miⅡto complete the procedure

desc曲ed above． By apply试g 234Th tracer as 8 yield monitor，the yield of thori呲is
determ曲ed to be about 70％．

Thorium was extracted and stripped omy one time iII 8 preceding procedure例．Hdw—

ever，in the ilIlproved clleInical procedllre the extrac“on aⅡd bac】【一extraction for thorium

was carried out two times to remove iInpllrities f证ther．In order to renlove the i111pllrmes

of radjoactive Br and I isotopes，we eInployed a simple method i．e．adding Br·carrier in

the st印0f Fe(OH)3 predpltate孤d商dlz．mg 1一砒o 10 by NaN02 allrhg the stripping

of thorium． The i唧roved procedllre was used iII the experiInent fbr ident嫩cation of

238Tb

ChanneI

Fig．2 Me酗ured 7 ray 8pectrum 0f the uraIli啪target sample
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2．3 Ineasuren地nt

About 10 mi肌tes after the end of irradjation，me描1Irements 0f sjngle 7 ray spectra

started using a calibrated GMX HPGe detector． The dleIIlicaUy s印arated thorjum J

矗actions and aⅡoth町inadiated m瓤dum t缸get 8a瑚pk w啦e IneasuIed，respectively The

ⅡPGe detector has 30％emci锄cy and an energy resolution of 2．OkeV fbr the 1332keV
．

1_me of 60Co． The—r ray spectra were recorded m a ml|1ti_8pectrm mode iIl 0rder to

obtain half-Uves fbr the interesting Imclides．The tinle seqⅡence 8pectra were recorded

on ma朗etic disks by a PC—CAMAC M11lti．P甜ameter D“a Acqllisition System【5J．The
‘

measurements lasted 30血n．

ChanneI

Fig．3 Mea8ured 7 ray spectrum of the Th fraction 8eparated丘om the uranium ta。get

3 RESUI口S AND DISCUSSIoN

Fig．2 and Fig．3 show the single 7 ray spectra for the 1lnsep甜ated 1Irani唧target ’

sampk and for the chemically separated thorillIn丘action，respectiVely．Fi92 shows that
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there越e ma工叮7 rays from kiIIds of reactjon products and the intensities for some of

7 ra可s缸e v盯y sttong． By comp醒i丑g Fig．2 with Fig．3，it is seen that the procedllre

using dec0ⅡtaIIlinatioⅡof the inlpllrity elemeIlts for the thorillm丘action is satisfactoTy

h1 the¨O induced reactions 0f heavy elements Th or U，the fission products are always

prom血ent． A large锄ouⅡt of ne甜target products and the t甜get矗agments are also

111i】【ed up with the reaction pro“cts． Therefbfe thori唧in trace amounts Inust be

isolated from a great锄ount of 1lranium a丑d aⅡdxttue of reaction products， The

s印araeion ofTh缸忸zr，Nb，Mo，Sb，Te and rare earth，etc．is他ryjmportant as Th

are often associated with them in the reaction Droducts．It was Ibund that the thorium

can be isolated盘om most of suclI ek叽eⅡts us缸g the procedllre described above Fig 4

sho啊s clearly that urani眦does not iIl“耐bre with the extraction of trace thorium under

the experiⅡlental conditions． It sh011ld be pointed out that the activities of I and Br

isotopes haVe been co瑚_pletely removed in the thorium fractions obtained by employing

the iIIIpr()ved proceduIe． In the previolls studiesl3，q．io曲e activities in the thoriunl

fractions c0111d not always be removed co加巾1etdy by the siⅡlilar cheIllical procedllres

However，a few amolmt 0f impllr托y for isotapes of Sc，Cd，In，etc．still retained jn the

thorium丘actions in this study．It seems that the procedure needs mrther iⅡrprovenlent so

tha七very pure thorjtlm f}actions would be obtained．Tabk 1 gives t11e decont枷natjon
fhctors fbr the main reaction Drodllcts．iⅡwhich the decontamination fa￡tor is de矗ned as

the ratio of the radioactive ilItensity for s锄e isotope试the uns印缸ated targ“sample

to the radioactive h吐ensity fbr the s锄e isotope in the s印arated source．

Table 1 The decontamination factors of the impurity elements in the Th fraction8 separdtc(1

from uraⅡium t趾gets irr耐iated by 60 MeV／u 180 ions

NucHdes Energy Branching ratio DecontaIIlination Nudides Energy Ratio Decontamination

／kev ／％ factors ／keV ／％factors

7Be 477．6 10、4 )6．3×104 “l”Pd 172．2 33．5 >1．6×105

24Na 1368，5 100 >1．1×105 112AE 617．4 42．5 >4．8×】05

‘8S．‘8V 983．5 100 2．1×102 115Cd 336．2 49．7 >1．1×10‘

56Mn 1810 7 27．2 2．2×102
11 7h 158．6 86．4 1_5×104

59Fe 1099．3 56．5 >7．7×103 115Sb 253．7 94．2 >1．2×106

65Ni 1481 8 23．5 >2．8×103 127Cs 124．7 15．6 >3．9×104

B9ZⅡ 438．6 94，8 >3．7×104
1
31I 364．5 81．2 >1．8×105

73Ga 297 3 80 >1．1×105 132Te 228．2 88．1 >2．4×106

32Br 1474．8 16．6 >4．5×103
1
33I 529．9 87．0 >8．9×10‘

8‘Rb 881．6 67 8 3．4×10‘
1
35Xe 249．8 90．4 6 9×10‘

95Zr 756．8 55．4 >6．8×10‘ 1‘oBa 1596 5 109．9 >4．5×10’

90Y 202．5 96．5 >1．5 x105 ¨1Ce 145．4 48．4 >2．2 x103

91Sr 1024．3 33．4 >4．4×10‘ 233Pa 311．9 38．6 >1．6×10’

96Nb 778．2 96 9 >5．7×10‘ 237U 208．0 21-7 >4．0×105

9。M小99Tc 140．5 90．7 >6．4×105 239Np 277．6 14．5 >5．0×1矿

105Ru 724．2 46．7 3．4×10‘
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Fig．4 E&ct ofuo尹＆ndu20；一ion暑onthe
percent89e extraction of 2MTh

口1 g(NH4)2u207，。l g u02(N03)2，

△No u02(N03)2 and(NH4)2u207

4 CoNCLUSIoN

V01．12

f1】The solvent extraction of thorium

by P2衄P jn b豇lzen。provjdes a me￡hod of

rapid and selective separation of thorillHl

from Illtric acid aqueous solution．

(2)A large amDuⅡt of 11ranjum does

not interfjte with thori岫extraction bv

PMBp in benzene丘om nitrjc acid aque—

ous solution．

(3)Activities 0f iodine and bron正ne

isotopes can be ren幻ved cornpktely in

the thorium fractioIls by using the present

procedure．

(4)The single 7一ray spectra of the

thor“Im丘action shows there is a httle

cont砒ninatic札盎om U塘妇otopes df Sc，In，

etc． So nLe procedure needs fhrther im-

provement in order to obtaill Purer tho—

riIIm f}ac“on．

(5)The clIelllical procedure used in the experiment is siHlpk，rapid’hi曲ly selectiVe

and app】icabk to separation of trace thorium．
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