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Innuence of solvents on extraction of u(VI)by
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Abstract Extraction behavior of N，N乙didecanoylpipcrazinc(DDPEz)for U(V1)
in a series ofsolveⅡts fronl aqueouB nnric acid media was investigated for the nrst nn¨

The dependence of di8tribution ratios on the concentration of aqueous nltric acl(1

extractant aIld temperature has been出scus8ed．The increasin异sequence of extractivc

ability of DDPEZ i8 given：chI鲫怕rm，carbon tetrachloride，di眦thylbenz∞e．tolll㈨(，．
benzene．
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1 INTRoDUCTIoN

GeneriUy，the s01vent plays an important r01e in solvent extraction system【1
2

h order to weⅡunderstand how the solvent interacts with N，N乙didec aIloylpiperaziIle

(DDPEz)．whic王L w船synthesized foI·the缶st time，a工ld mrther extend om research，

the e疗ects of some solvents，such as benzene，t01uene，dimethylbenzenefDMB)，chloro—

fo皿(CF)，and c舢-bon tetrachloride(CT)，on the extraction of u(v11 from nitric acid

rnedia were studied

2 EXPERIMENTAL

DDPEZ was prepared in 011r laborat。ry AⅡsolvents used here were treated by dis

tmation and the other cheⅡdcal regents are of analytic ptlrity．The processes of extracti01

was described血our previous paper．【3】

3 RESUI用S AND DISCUSSIoN

3．1 Innuence of nitric acid concentration

The variatjDn of d主stributjon ratio。f UfⅥ1 with HN03 concentratjon was shown

in F堙．1 It is obvious that the chan鼬tendendes of distribution ratios wml HN03

concentration are abke iIl a_11 solvents． The distribution ratios fhst increase witll the

increasin臣of IIitric acid concentration and then decrease after reachjng a maximuIn

However．the aciditv at the ma】(imm distribution ratios and the values of D to the

same HN03 concentration are di仔brent．In the case of chlorofbrm，its dlst“butlon rat】()
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js the smallest owillg to the fo珊atjo丑of hydr。gen bond(=c=O H—ccb)bet啪en
DDPEz and chloroform，restricting u(vI)to coordinate with DDPEz molecme．But for

benzene，the larger distribution ratios reslllt from the increasiILg of solubibty of DDPEZ

and their corrlplex in or昏“o phase is attributed to the conjugation eff音cts In otheT

solvents，the di艉rences of distribution ratios are relatively 1arger althou曲their dielectTic

constants are appr0]【iInative(shown in Table 1)．No obvious re舭lation is found between

djstribution ratio and physical parameters of s01vents． Hence the solvent 1n丑uence on

extracting abiHty of DDPEZ is very complex．

Table 1 Equilibrium constants of u(VI)aⅡd soIIle phy8ical properties of 8ulvcIlts

Ke21 0．06 ／／ 0 48 0 62 l 07

耳e22 0．06 2．28 1 5I 1 25 116

E 4．90 2 2l 2 26 2．24 2．28

6 9．30 8 60 8 80 8．90 9．20

ET 39．1 32．5 33．3 33．9 34 5

[uo；+]=5．o×10一3 rrlol／L，[HN03]=3 o mol／L、[DDPEz]=o．5 mol／L，了1=208 K

E：dielectric constant at 293K【4J，6：solubility parameter吼EI：energy pararflete川

Fig．1 also denotes that at 1ligher acidity the extraction corrlpetition between HN03

and u(Ⅵ)is intense whjch leads to a decreasinE of distribution ratio，arLd the i工1teraction

between DDPEZ and HN03 is stronger thaII that between DDPEZ and solvent Espe—

cially when chlorofonn is used as solvent，the lowest dist曲ution ratios may be owin岳to

the fbrmation of hydrogen bond．

3．2 Innuence of DDPEZ concentration

The dependence of distr主bution ratio on DDPEZ concentration，at 5 0×10一3 mol／L

u(Ⅵ)and 3．Omol／L HN03，js shown in F培2．It can be seen that a玎the DJots of lg口

Versus lg[DDPEz]fo)are str缸ght 1ines，but their slopes are qllite(uffbrent，viz 1．63(cF)，

2．04(cT)，1．69(DMB)，1．53(tohlene)，1．46(benzene)，respectively only for carbon tetra-

chloride，the slope iS close to iIlteger 2，wlLicll impUes that the stoichiometTy of the

extracted species is U02(N03)2(DDPEz)2 and the extraction reaction is written as

equation(2)．For other solvents，the slopes are not integer and near to 1．5，which

rneans that there are properly two kinds of extracted species：u02(N03)2(DDPEz)2
aIId uO 2(N03)2DDPEz，aIld the extraction reaction is given by equations：

uo；++2Noi+DDPEzf。l=u02(N03)2DDPEz(o) (1)

uo；++2Noi+2DDPEz(。)=uo 2(N03)2(DDPEz)2(∞ (2)

where the subscript(o)ref套rs to the species m the organic phase

The equilibrium constants Ke￡1 for Eq．(1)andⅣez2 for Eq(2)were calculated

accordjng to the above reactions，listed血Tabk 1．nom the values of耳e。1 andⅣe2 2，

it shows that the equation 2 is doIIlinant In order to 100k fbr the relation betweenⅣez

(耳ez=Kezl+Kez2)and properties of solvent，some given physical p盯ameters such
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as E，研and占，(hsted in Table 1)were correlated withⅣe曲y a liIle盯矗t pr。gram，and
fo血d only E and所correlate weu，as shown in the relations(3)一(5)：

Ⅳe。=4．27一1．07E+0，05E2冗=0 96 f 31

Ⅱez=一49．99+3，19ET—o 05磷R=o．96 (4)

Ⅳez=一404．18+92 68J一5 2862 R=O 53 r51

The above reslllts indicate that s01vents not。rdy act as carriers of extractants，b11t

also participate in the cheIIlical reaction themselves，which 1eads to a series of va“ation

of the mechanjsm of extraction reaction and the stoichiometry of extracted 8pecies

Fig．1 S01vent e艉cts on distribution ratio of

u(VI)at varlous HN03 concentration

fUo；+】_5 o×lo一3m01／L，
【DDPEz]_o．5 mol／L，T=298 K

gfDDPEZ】细)

Fig．2 Solvent e髓cts on disⅢb11tion rmo【)f
U(V11 at variou8 DDPEZ conccntraf l c'】l

[Uo!+]=5．o×10一3 mol／L．

[HN03]=3．o rrlol／L，T=298 K

The d迁rerence of stoichjometry of cQmplex may be controUed by the interactlon

between s01vent and extractant or complex，and e】【istiIlg state In some case，extractants

ag耵egate by the e圩毫ct of s。1Vent，leadmg to a variation of the coordinating rmmber

Carbon tetrachloride is re只arded as a inert solvent and a＆cts DDPEZ sbEhtly，and aUows

DDPEz to coordinate with U(VI)su伍ciently and enhaIlces the coordinatinE number F0r

beⅡzeⅡe aIld their derivatives，because the effect of conjugation，DDPEZ is s01vated and

arrested to form coordinating bond，resllltinE in a lo、耽r value of coordinatinE number

The v砌ation of jf。Y is also because of the difrerent血teraction between s01veIlt aIld

DDPEZ．hl chloroform，the strong interacti叽wiⅡintroduce 8 greatIy soIvating e髓ct，so
it is蛳cult to form c00rdjnatinZ bond姐d sMft the extraction reaction to right，whjdI

leads to a decrease ofⅨ名x．For beⅡzene and their derivatives，the extraction reactions

act e粥ily and completely due to the conjugation e船ct between solvents and DDPEZ or

their complex．whjch leads to an increase of爿|x．

3．3 In丑uence of ternperature

默tfactjon of u(Ⅵ)iIl di艇re丑t solvents was jnyes“gated at dj髓rent tempera￡ure5
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as shown in Fig．3，It can be seen that the slopes of lines of lgD versus l／T vary wltll

s01Vents The enthalpy changes(△日。)listed in the Table 2，beiIlg c“culated according

to the slopes by rneans of Van’t Hoff equa—

tion．are di娲rent in various solvents．TMs

results丘om the diⅡbrence of interaction

between s01vent and DDPEZ or their com_
1 O

plex，which causes 8

of enthalpy change．

series of variation

hI chloroforIn．the

stIong iⅡteraction due to the fbrmation of

hydIogen bond wiU bame DDPEZ to co—

ordinate with U(Ⅵ)，so it wm consume

如LuchⅡlore energy to form complex and

Eiving a lower value of△日。For benzene

and their derivatives．both DDPEZ and

the complex have the conjugate efl色ct a丑d

1ess additional enerP呵to be consuIned，so

the value of△日。is l盯ger．
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Fig．3 S。lvent e骶cts on di8tribution r atl(J¨f

U(VI)at di仃erent tempermIrc
【uo!+仁5 o×10一3 mol／L．

[HN03]=3 om01／L，[DDPEz]=o 5mol／L

Thble 2 Enthalpy changes of u(Vf)in 3．0 m0J／L HN03 with DDPEz in di怕rent soIvc【ltH

Although the values of△日o are di开缸ent in various solvents，but aU the extracti。n

reactioIB aTe e】【otherIllic and 10w temperatures are bene丘cial to them．

4 CoNCLUTIoNS

The 5equences 0fDDPEZ extractabiuty fbf UfVI)js船fbndws：benz锄e>toluene>
dimethylbenzene>carbon tetrachloride>clllorofbfm．

S01vent itself partic如ates iIl the cheHlical reaction and afrects the mechaILism of

reactjon a丑d the stojchjometry of extracted specjes severely． The eⅡthalpy changes and

eqlnlibrim constants ch姐譬e with the s01vent

The relationshjp between extractability 0f DDPEZ aIld solvent propertv is v盯y

comDl旺．The jntenlal efrec“ve mechallism of s01vent needs to be studjed furthe，
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