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Abstract In the batch experiInent with W，Ta，H‘Lu aⅡd Mo as mdiotr觚ers，
a new rapid radiochcmical isolation procedure for elcment tunEBten has been devel—

oped hy uging Tadi仉hemkal s8p盯ation method and 1 8pectrum me粥urement tecl卜

nique with Voltalcf powder carried 2％(w／V)BPHA(Benzoylphenylhydroxylamin∞一

c5HlIOH(i8marnyLalcoh01)organic solution，radioactive w wa8 adsorbed on tht，

voltalef column in the 4 mol／L hydrochloric acid 8ystcm． H‘Lu aⅡd Mo fractions

pa88ed through the Voltalef column rapidly and partial 7h觚tivitks retained on th

Voltalef column，re8pectivel弘Fbllowing thi8，W fr船tion was eluted completely wi“1

1％N83c6H507(80diunl citrate)-5％(w／V)NH40H solution and no HC Lu，7工a alld

Mo activitie8 pa8sed thTough the Vbltalef extraction chroma七ographic column．The

procedute was Bi眦ltaⅡeously used to isolate W from Er tar邸t bo瑚barded wi七h a low
eⅡergy 12C beaⅡ1s．By means of this 8eparation 8y8teⅡl，i“s one of七h8 possible way t()

develop an is01ation procedure of Sg，8upp08iⅡg the cheIIlical property of Sg is similar

to that 0f tu“gsten．
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1 INTRoDUCTIoN

III the past years，the study 0f cheInical property 0f transactinide elements gamed

a broad interest fram both experiment越aⅡd theoretical cll“sts to deterInine their
positions in the elenlJent periodjc table(1～引．However，due to the“relatiVistic

e赶谴ct”of
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tr姐sactiTIide ekments，the deviation矗om regularity 0f the periodic table was not suitable -

for the transactiIlide eleⅡlents cornp缸ed with their lighteT homologue ekments．A few

of modelliILg e印eriIn髓ts aimed at studying the cheⅡlic出property of Sg with anion and ．

cation exchange res血s in 10w concentrat主on of strong acidjc medi啪were矗nished弘～“，
these batcll researches tried to develop soⅡle cheInical systeIns which were sllitable fbr the

isolation 0f element Sg from heavy act“des and酣produced si珊dtaneously iIl heavy
ion删cle孤reactions． Wiertczmski“ⅡL【8J used its lighter hom0109ue element W as

a radiotracer aIId the SISAK-3 centrifhge system拍an on_hne rapid experiment test
‘

of clleⅡⅡc出studies 0f the deInents Db aIId Sg using tTioctyl姐dne extraction．For Sg
element，its aqueous clIernjstry with Automatic Rapid CheIllistry Apparatus(ARCA)【引 ．

was carried out in 1995 at the UNILAC accekrator(GSI，Germ柚y1【10J姐d iIl 1997
at Berkeley 88 inch cyclotron accelerator(usA)【111． In these experiⅡlents，o．1 m01／L
HN03—5 x 10一4 mol／L Hf and 0．1 Inol／LⅡN03 were used to adsorb element Rf卸d

heavy actinides on the cation exchanger AM【NEX A6 Some conclusions were obtailled

that the chemic缸behaviour of Sg was not siI】=1ilar to that of uraⅡium but Inolybde咖l
or tlmgsten．At the sa皿e tiⅡle，iII absence of丑tloride ian，the behaviour of Sg was not

sirIlilar to“mgsteⅡbecause of its weaker tendeⅡcy to hydr01yze．F}om the theoretical
‘

calclllatians on the electronic stmcture and the redox potentials，it has been predicted

that，withjn the series of A正eoi—ions，(s904)2一砌be the most stable ion in aqueous 。

solution in sub盯oup VI[4】and it has been kn0Wn that Mo and W wm forIIl孤ionic

comDlex w“h ch】ofjde【1 2|．

BPⅡA，a。upferron anal091le㈦，w锚used extensivdy as an organjc precipitant and
solvent extrac￡ic咀sjnce it reacts with several meta】eIements to fblm 5table chelates

wllich are soluble in 0rEanic 80lveIns．Hdwever，BPHA is superior to cupferron because
‘

jt exhjbjts better therma】and cheⅡdcal stabjlity，FⅢthermore，BPHA becomes more

selective孤d reacts only with some tTansition elemeⅡts in strong acidic medium，paT。
’

ticlllar ernphasi8 was devoted to extraction 0f e酗丑y hydrolyzed transition metals【14～16】

in neutral or weak acidic medim．W and Mo fractions can be quantitatively e吼racted 。

with the systeIn 0f BPⅡA．C6H6 in strong acidic medium口7]．Its structllre forDlation is

as fouowing

吒H5c=o
l

吼^oH+M，一
吒H5c∞、M咖“
吒H5N—o／

where Me“+is aⅡ岭tal ion姐d(C6H5)2NCOOH is the molecul缸formation of BPHA

Tb date，no report about the extraction behaviatlr of element W with BPHA-

C5Ⅱ11 OH system h舳been seen． h order to give more eVidence8 to determine th8

出eIIlical property of ekrnent 106(sg)，a rapid radiocheⅡlical sep孤ation procedllre of

W血dng at studying the chemical property 0f Sg has been deVeloped．According to
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the property 0f BPHA mentioned above，we tried to extract W as a model 0f Sg with a

BPHA-C5H110H／HCl system．

2 EXPERIMENTAL

2．1 Materials

BPHA and other chen血cal rea胛nts were p11rchased矗om M盯c工【cheIr正ca工factory

(Darmstadt in Ge皿卸y)，their purity was analytical grade(AP)．Voltalef powder from

Lehmann＆Vbss(ⅡambuIg)was used粥血盯t support material fbr 2％BPHA—c5H“OH
solution．The raIlge 0f partide sizes w铀25～36 pm．V0ltalef powder w镐coated with 2％

BPHA—C5H110H extraction reagent，weighted ratio Voltalef_2％BPHA—C5Ⅱ110H(10：1)
aIld IIlixed uIIjfornlly by hand stirrinE，and a slurry of tllis material in distiIkd water was

packed into 1．6×8mm chromato只raphic Tenon c01uⅡm under 0．5 bar of pressure■J．

2．2 P弛paration of tracers

Some tracer activities were produced at the Mainz T砒GA reactorby thermal neu-

tron induced肌ckar reaction． The thermal nelltroⅡnllx血tensity w曲7x10ll·n·s～

cm～．AⅡproduced nucIides and their decay properties are shown in Table I

T岫le 1 The decay pr叩ertie8 of tracers i11 the batch experiment

A few dr叩s of 10％NaOH solution were used to diss01ve W03 powder，then ad“d

4mol／L HCl s01ution sev盯al times，evaporated，made the f-mal solution into 4 mol／L

HCl

下br Ta foil，the rni】【ed solutions of concentratedⅡN03(68％)aIld concentrated HF

(40％)was added iⅡpolyethyl吼e cup and heated to dissol”，evaporated to near dryness，

aIId then stored iII 4mol／L HCl．

For Hf02 sanlple，5 dr叩s of concentrated HF(40％)w盯e added in polyethykne

cup，and evaporated to ne射dryness，the矗nal solution was 4mol／L Hcl．

Fbr Lu203 s孤ple，5 drops ofconcentrated HN03(68％)solution Were added，heated
to dissolve and evaporated to ne缸dryness，mer cookd，make the nnal solution into

4Inol，L HCl．
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Alunli血um foil containjng radioactive Mo was heated to dissolve with lmL of 。

lmol／L HCl s01ution，after cooled，the diss01ved s01utions were transferred to AG2 x 8

aIlioⅡexclIaIlge resiIl coh如n，and eluted with 5％NH40Ⅱsolution．The elution solution 、

w船eVaporated to dryness and dissolved iIl 4 mol／L HCl．Au radjotracer solutions were

stored血difkrent sealed、up舀ass bot￡les．

2．3 Experirnent with glass column

Fbr the batch experiment with glass co】umⅡ，50 pL of carrier．free radioactive solu—

tions were used fbr each time．A nttl8 quartz wool(5～30 pm)was put into the bottom

of glass colllrrm，10％(w／w)Voltalef powder containiILg 2％BPHA—c5H11 OH organlc
。

solvent was put into the dass colu砌． Some radiotracers were moved to 91ass cen．
trifugal test tube，the丘nal volume wa8 mde into 1mL 0f 4mol／L HCl．The activity
was measured befbreⅡPGe detector，then kt the measured solutions pass through the

glass coluJnn packed by Voltalef powder，and the colum was washed again by 0 5 InL -

of 4 11101／L HCl．Fbuowing this step，the Voltalef c01u工rm was eluted with 1 mL of 1％

N83C6H507—5％NH40H s01ution，缸ally the eluted V0ltalef powder colum was blown ．

into a glass test tube舡ld measured．

The 7 ra山oactivity of tracers before and after separation were measured with 8

HPGe detector which has 2．3keV energy res01ution at the 1332keV for 60Co source，re．
’

spectively Since the geometric position of s011rce is the same for eacll time measurement，

its decay rate of 7 rays energy pea|【s corresponding to nuclides wiu be used to deter血ne
‘

me chemical“eld of the el锄ents．

2．4 Experi瑚屺nt with ARCA de访ce

The progress of mng in ARcA II c01um de8cribed in 1)，20pL of radioactive
solutions、张re rnoved into the snders，then co皿ected ARCA device and operated by a

computer control proEram Firstly，the slider valve w鹊washed 10 s with 4 mol／L Hcl

solution，姐d the s01ution coUected in a glass test tube．Secandly，the c01咖containing
radjoactives w粥duted at the珏ow rate of 1埘山／r【1in With 1％N83C6H507—5％NH40H

solution，this血xture solutions were contiIl皿ously couected more thaII 7 ti玎1es，aILd the

collection time was 5 s fbr each tiⅡm．The coⅡected solutions were measuIed with a HPGe

detector．It took 30111in for each circlllar experiI】1ent，the decay correction of nuclides

can be i趼ored since the hdf_Ⅱ如of aU used nuclides was more than one day．The elution

e伍ciency ofW丘action as a fhnction ofelution time was depicted iIL Fig．1 As can be seen

in tlLis figllre，theTe was no activity of W before 5 s e工ution time w“h 1％Na3C6H507—

5％NH40H，this was probably caused by the dead V01ume of ARCA【9J deVice．S血ce it

w嬲very di伍clllt to determine the origiIlal radioactive intensity’the coⅡected 4 mol／L

HCl solution，1％Na3C6Ⅱ507—5％NH40H s0：Iution and V0ltalef powder cohl啪were
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measured siIn：11ltaneously，the total radioactiVe count rates were regarded as the initi al

activity whjch was taken．

2．5 Heavy ion Imclear react．0n

hl order to test the reliability of the cheⅡlical s印aration procedllre developed in

this p印er． 5 mg／cm2 0f Br target was boII】barded with 6．7 Mev／u 12c be啪at an
average bem c11rrent mensities of 5 nA in the UNILAC accderator． The nuclear re—
action products were transmitted from the t壮get chaⅡIber to ARCA eqllipment with a

helj唧·g船-jet along a stainkss steel￡ube wjth l mm血er djafneter and 20 met盯s in
length．After the products was coⅡected for 2 min in the slider valve，the s印aration 0f W

was Perfomed using the methods described above． Since thjs was a fusion．evaporation
reaction，the m洳product was 173w(五／2=7．6 111in)． when 4 m01／L Hcl was used t。
w硒h th。product，and 1％Na3C6H507—5％NH40H was used to elute the products，more

than 70％W product was eluted in 20 s．The reslllt w觞siInilar to the tracer experiment，
therefore tMs procedllre caII sllit sep缸ation of tun置sten丘action．
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Fig．1 Elution effickn。y of W as a function of

e】u￡ion time wj如l％N83C6Ⅱ507—5％

NH40H solution

3 RESUI用S AND DISCUSSl0N
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Fig．2 Extraction e伍ciency of W as a

fllnctjon of concentration ofBPHA—C5H110H

Ⅵmne only Na3c6H507(sodi啪citrate)solution was used to elute w and Mo frac—
tions，less thaIl 50％ofW and a few 0f Mo(<4％)activities duted jn the concentration in—

terval(0．1％一10％)．However，Mo fraction retailIed cornpletely iⅡthe Vdtalef col咖and
only tungsten activity was rapidly ehlted when coⅡlbining sodium citrate with NH40H

solution．Therefore t11ngsten ca皿be isolated丘om Mo with l％Na3C6H507—5％NH40H

ndxture solution，and this system opened the possibiHty that not only weU sllits the

separation孤d identmcation of Sg but also the determination of its clIemical property in

cornparison to its lighter homol091les(Mo and w)．

窖墨qSoco—gE盏
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The Voltalef powder of di脑ent p缸tick size f}锄25舯1 toⅡlo】_e thaⅡ80pm was
tested，the best 8ize w拍25～36^lIn fbf this extraction system，and some tungsten fraction

passed through the cohnnn fbf bigger size

M锄y o唱anic reagents(such as cHel3，c6Ⅱ6，c7Ⅱ8，c{】王603，c5H1IOH)conlbjned
with BPHA w盯e tested to extract tungsten，too．M．ost of them had an extent e圩毫ct to

extract W fraction and some of them was not sllitable{br thjs妇． However，BPHA—
C5Ⅱll OH extraction system was the best one for extraction 0f tungsten．The extraction

e伍dency of W镐a缸ction of concentration of BPHA-C5H110H was plotted in Fig．2．
The curve in F堙．2 shows tha土the extraction emciency iIl盯eases while increasing the

concentration of BPHA—C5Ⅱ1】0H．It is seen that the extraction emdency of W is more

than 95％，while the conc吼tration 0f BPHA．C5H1lOH is more th蛐1．8％，therefore，2％

BPHA．C5H110H wiⅡbe矗xed to extract tungsten．60％of tungsten is extracted whjle

oIlIy C5H110H is used粥an extractiIlg agent．ARer c锄曲illing BPHA with C5H11 OH

orgaILic solvent，the extraction efhciency of tungsten血creases．

As fbT the concentration of HCl solution，the extraction emciency of tlmgsten frac—

tion wm decrease at the concentrations 1dwer than 3 mol／L HCl．Hawever，W fraction

w觞adsorbed c唧letely 0n the vbltalef column with 4 mol／L Hcl system，Hf，Lu，Mo
and half of Ta fractions paSsed co如【pletely thr。ugh the V01talef colu姗rapidly The
residual Ta activities reta血ed on the Voltalef colu埘_Il，since tantaltlIn partially precipi—

tated with BPHA reagent forIlling the stabk chloro-comPlexes in hydrochloric acid【1 4|．

There was the same tendency fbr extraction tungsten i工l BPHA—CHCl3 system⋯．Lu
served as analoZous elemeⅡt f曲trivalent actinide，Hf甜Id Ta was the lighter hom0109ue

fbr the tI缸18acthide eleⅡlents Rf and Db． Tks 5印aiatian pTocedllre can be used to

isolate Sg．AccordiⅡg to a decay出ain of transactinjde elements，S分Rf-No，its danghters

(酣and No)can be actua：Ⅱy separated out in thjs is01ation procedtlre．

4 DISCUSSIoN

As shown＆眦the above唧erimental restllts，a new rapid extraction column sep—
aration procedllre 0f tungsten has been deve娜ed with the extraction system of 2％
BPHA．C5H110H／HCl，in whjch 1％Na3C6H507-5％NH40Ⅱis used to back-extract w

行action．In tllis step，theTe is no Hf’Lu，Ta and Mo丘actions existed i士l the tungsten

sa工npk．Therefore，the procedllre presented above is one of the possibk way to study the

aqueous chemistry of element Sg fbr rapid on一Ⅱne extraction experiment supposing the

clleInical pro口erty of Sg is siⅡ1ilar to that ofW
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