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Preparation of N，N：一diacylpiperazille a11d its extractioll

property fbr u(VI)
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Abstract A noveI cxtrafcant、N N二(ilacylplpPr。L趴un(DArEZ)was。ynth‘、Elzr‘l

and ch∞acterized f呲t如矗rst fime I Ls nxtrac{汕、I)7 01)c rty for U(VI)fr01n小舯、t小}
IlitTk Mid 111edla h孙been吼u小cd． Tlle e仃ccts of conct、nnati。n 0f nim(；Lci cl㈨(1

extractaJlL on the dish|hIItion ratio werP cxamiIled，Ⅲ(1}1le extractioII rnc出aIllslll

werc discussed

Keywords Extractant．Solvcl】t髓traf Lon-DiaInidP，U ran王lInl fVl

cLc numbers 0615，061 5儿 A

l INTRoDUCTIoN

Durjng the 1ast forty years，Ⅱ1any Iiteratures about m“de llave been p11bⅡshed

Anli(k has been reckoned as an alternative to TBP fbr the reprocessin眨of spent nuclear

fuel．01~引Th。y not only can selectively extraft u(V1)enctively fro玎1 nitric acid medla

but a】so has a l。￡of advantages c。mpa『ed wj￡h TBP，such as t11eir comple Ce incjllembil-

ity，inn。)【ious degradation products，easier p『eparati。11 and back extraction However，

when the acidjty or the content of 0(VI)js hjgher，the third phase u8ually appears{6
7

IIL order to Inodif，the cher【虹cal structufe of a嘶de and improve theiT extractlon p“)pcr—

ties，a series of armde N}N’一dia‘ylplperazine，such as N，N1一dihexanoylpiperazine(DH—

PEz)，N，N’一di。ctanoyIpiperazIne(DOPEz)．N，N’一didecanoyl piperazine fDDPEz)，an[i

N，N’·出lauroylpiperazine(DLPEz)were synthesized and c上laracteTized．soIlle physIcal

properties of the four amides were given and s。Ine extraction properties for U(VI)wcre

stl】died

2 EXPERIMENTAL

2．1 Preparation of N，N’-diacylpiperazine

The synthesis procedure。f DAPEZ can be expressed as f0U。ws
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RCOOH+sOCl2一RCOCl十S02+HCl

：Rcoa+强厂弋N趔一R旦N厂＼N驰+狮c，2 Rcoci+H’飞√N_}1——R-c—NuN_)-R+2Hcl (2)

where R=C5H11，C7H15，CoHlo，C¨H23、

DAPEZ was synthesized by dTopwise adding a stolchjometric quantity of f11lo

ride into a bottomed nask contajnjIlg a而xture of pipeTa2ine and triethylan正ne in

djcIdorethane medjum，beillg cooled to 0。C After￡he additjon．the r10xture was hca“、d

under renux fbr 10 hours at temperature of 75～80。C．OIl cooling，the contents in t}Ie

丑ask were w鹅hed thee times with distiued water，two times each with 5％hv出ochI()rlc

acid and 5％sodium hydroxide and n“y with djstiUed water tm free from aLk幽．The

thjck brown bqllid obtained was mied ovemight with ml excess of anhydrous sodium s11】一

phate．The soIvent was ev叩orated in vacuunl and the fough product was recrystaJ¨zP(1

i丑ether and then the colorIess(orⅡght yeⅡow)盯ys￡“was。bta抽ed with土ligkr yicJd

2．2 Characterization of DAPEZ

The purity of DAPEZ was checked by IR spectr。metry，1 H NMR spectronletry and

elemental anaIy3is，respectiVely

The data of elemental analysjs for C，H，N are shown jn Table 1． They are，tor

DHPEz：68．34％(68．04％)，10 58％(10 71％)，9 90％(9．92％)；DOPEz：70．86％(70 91％)，

11．52％(11．31％)，8 L5％(8 27％)；DDPEz：72 97％(73 04％)，11．47％(11、75％j，7 L5％

(7．09％)；DLPEz：74．85％(74 6l％)，11．87％(12 08％)，6 16％(6．2l％)，respectively．where
the symboI‘()2 refers to the theoretical Valves It in dicates that the the。retical valVes

and experimental ones are well agreeab】e，It means the products are su茄cjently plIre

Table l Phy8kaI propcfties aIld IR、1H NMR．ekIIleHtaj analysis ddta()±DAPEZ

The data of IR spectra of DAPEZ are shown in Table l，and it helps us to。bserve

the v(C=O)stretclljng band．T11e strongly absorptjve pea】(g are found at 1643 3，1646 5，
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16544．8，1643．1 cm一1，re8pectjVelyl m the IR spectra．They are the characterjstic peaks

of v fC=O)of aIIide．

The chen正c出shift of
1
H and the hydrogen nuIllber calculated by the a，ea of ab—

sorptjve peak in 1H NMR Spectra are shown in Table 1．Thc data of 1H NMR specfra

矗t wen the structure of diacylpiperazine．

2．3 Extraction procedure

Extraction was perf。肌ed by sha“ng】mL of benzene s01ution contailllIlg DA上)FZ．

and I mL 11it“c acid soIutjon contai『Li工19 uranyl nitrate{in a st。pped tube at 298士l K fur

40 rnjnutes．After cent“fugatjon and phase djsen939cIIlent，tlle concentrati011 of U(VT)

in aqueous phase was a丑alyzed by the arsenaz。一Ⅱ1 spectroph。to￡netric Inethod，a工ld thaf

in orgamc phase wa5 calcu】ated accordjng to the djfference between initial踯1d疗Ilm

concentration of U(VI)in 8queous phase The distrjbuti∞l ratio，_D was then calculated

3 RESU LrrS AND DISCUSSIoN

3．1 E珏．ect of nitric acid concentration

Fig 1 denotes the dependence of distTibuti。n rat】o on nitric acld c。ncentration h1 the

range 0f l～9m。l／L The Values 0f D mst incTease r-dpidly with increasing c。ncentratl亡)n

of Ilitnc acid，then decreas。gradu ally at h培her addity a^er a maxjmum v柚ue at the

c。ncentration ofHN03 about 6．2m。l／L This拓becauseDAPEznot only extraftsU(V1)，

but“so extTacts HN03 fTom aqueDus phase especiaUy at kgher acidity Acc。Tdingly the

concentration of仃ee extTactant decrease8 gTeatly，whicll decTeases the distribution ratH)s

at扯gher acidity

For aU the extractants，owln只to the siT血jaz cheInical structuTes，the vanation trends

of plots of D versus eHN()1 are simjlaT and the acidities of nitrlc acid at the nlaximmn

values of工)aTe ahost sa皿e But the maxlrmlnl values(订dist“butioIl ra^ios are dj“brent

due to the d柏krent length of acyl，that of DLPEz js the h培hest and the others are

nearly equal．The longer substituted groups not only enhance the solublUty of conlplcx in

orgamc phase leading to an increase of extraction ability，but also enlarge steTic hlndr a11ce

resulting in a decrea5e of extTaction ability The Value of D is effected by the both hctnrs

at the same time In the case of DLPEZ．the eff色ct of the fbrHler is dondnant．and fb(

the others the both e珏毫ctive de冀rees are nea^y equivaknt，

3．2 Efrect of extractant concentration

The dependence of山stributi。n rati。on extracl ant c。ncentratl。n is shown in F19 2

The plots of lgD Versus】og[DAPEz]f。)are a11 straight lines with sl。pes of 1 46 l 44
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l 46，l 35，respectivel弘A1th。ugh the substituted groups ofDAPEZ are diff色rent，b LIt fhe

v“ues of sl。pes are near，bemg not illteger and close t。1 5，wldch described that there are

prop盯ly two k协ds of extracted species．The彻mber of NOi in ex"acted species c011ld

be proved to be 2 by m spectra，[8i viz u02(N03)2(DAPEz)2 and u02(N03)2DAPEz

The extraction reactions were百ven as foUows：

uo；++2No；+DAPEz(。)=uo 2(N03)2DAPEz_

uoi++2Noi十2DAPEz(。)=u02(N03)2(DAPEz)2(¨j (4)

where the subscI卸t(o)ref色rs to the species in organic Phase For the aboVe rcacti。ns

the distTibution ratio．D，is

D=甄【Noi]2【DAPEz]l。1+如[Noil2(DAPEz]f。) (5)

The vdues ofⅣl and玩were calculated by curve。mtjng method，【91哪for the sivell

values of【Noi]and【DAPEzk小as shown jn Table 2 Acc。rding to the aboye result s，il

imphes that the 1ength of substituted groups。f DAPEZ oIlly ln丑uence the Values ofⅣ1

and K2，but not the c。Inposition of extracted species under the conditions studied．

Table 2 Equil．bTiulll constants uf UfVI)by ditfprent∞【tractan协iI】bcnzelle

耳1 0 98 1 07 1．07 f)90

墅 !：!! !：!! !：!! !竺

uo；+j=5×lo一3 mol／L，fHN03]=3 o m({I／L：r=298 K
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Fig．1 DepenmⅡce of distnbutl呻ratio(m

．ni￡ial aaueous 11i拈ic acld concentratifJIl mr

thc extractioIL of u(VI)hy DAPEz in

benzene

fuO；+1=5xlo一3H10】／L，

[DAPEz](。1=【15 InoI／L，T=208 K
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Fig．2 EHect of DAPEZ coIlcentratlon lIl
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4 CoNCLUSIoNS

A series of novel a叫de extract aIlts llave beeIl symhesjzed，to the best knowled酽

of the authors，for the 6rst tinle The pr8parnlg procedufes of DAPEZ are rehable Thp

extraction property。f DAPEZ ls nlce∞mpared wnh other diamides and the 10IlgPr acyJ

bene矗ts the extraction for UfVI)
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