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solutionwi乞h a耐xtureoftrl-Il_blnyl ph08phak(TBr)tmd严trok、lHl sul矗)xides(PS(j1

iIl benzenc was stud如d It has beell fhlnd t】lac“lc nliLxlmum svner画stlc extl actioIl

etkct occllrs where the mol甜r砒io of PS()to TBP is mlt、f0 two．The c0111D∞；noil州

thc coInplcx ofsyner gjstlc ext】ac cion is U0：(N03)2 TBP PS()The fornlatlon fonst“¨r

onn∞mp】ex耳TP=57 44
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l INTRoDUCTIoN

The sohent extraction method has been one oI the important techniques for concen—

trating and puriOdng of uranjum，t“一n—butyl phosphate(TBP)has been used for seVeral

decades as the most successful extractant for recovery。f uanjum from spent nucle甜

fhel．SuHb五des have been consideTed as potential extractants for use m nuclear appⅡca

tions for many years
Il~5J Petroleum sulfoxides(PsO)obtained from petroleum re矗ning

are wideIy employed due to their good solubiⅡty，abmldant and econoIIlic址suppiH non‘

toxicity，noncorrosi们ty and radjation stabinty l“7j lIl this paper，we wnl r印ort。ur new

reslllts about the synergistic ex”action of uTanium(VI)with t“-n—butyl ph。sphate(TBP)
and petTole眦su蜘】【ides(PsO)．

2 EXPERIMENTAL

2．1 Instruments and reagents

A self-made vibrator，the teⅡ1perature was contr01led wlth a precision： 士lK 752

type uV grating spectrophotometer(Shanghai Third Analysis Instrunlent Factory)一Tri—

n-butyl phosphate(A．R．H柚gzllou shuaIl曲u aII cheI工lical Plant)．Petroleum sulfoxides

fthe sulfLIr content in sui虹|des was 8 88％，Jiang Han Petro】eum Management O币ce
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Petroleum clleTnjcal lndustry Factory) uranyl nitnte(A R，made iIl chjna) Nit『lc

acjd(A R，shangh缸First Re“gent Fact。ry)．Benzene(A R，工Ilade in chlnal

2．2 Experimental methods

lhe expenmentaI temperature was controlled at 298土lK、the exDerimelltaI acl ditv

was c。ncroⅡed at 2 OmoI／L．Distribution ratios were deter工njned by InechanjcaUv shakI工lg

two phases with the sarne VoluTne llp to equilibrium for 20 Hdnutes Th uTamum fVll

oo丑con￡fat】on In 8queous sohnlon was analyzed iⅡⅡrIedjately by spectro．photDmetric柚
method—l and the 11raniuIn(VI)concentTation in the oTganlc solution was c alculated bv

mass ba】ance

“

3 RESULTS AND DTSCUSSIoN

3·1 Extraction of uranium(VI)with TBP and Pso

The extraction of uTanjum(VI)矗oIn 2 o mol／L nitric acid nledium by TBP(o 02

20 o 1 mol，’L)(Fig la)and Ps0(o．02 to o l mol／L)(Fig，lb)in benzene Te5pectjvely，
increases with extractant concentTation．

H the extractjon reactjon js pres鲫ted as f。Ⅱows：

uo；十+2Noi+nTBP⋯j圣、u02(N03)2，nTBP

Then the equjhbrium constaIn

陆=【u02(N03)2-nTBP](。)／[uo；+]【Noi]2ITBP伐

The distribution ratio

DT=蜥INoi]2【TBP]j：

Similarly．让e equ伍brium const蹰t of PSO sys‘em is

and

郧=[u02(N03)2。nPsoj(．，)，Iuo；+]INoi】2【Pso]lL

(3)

DP=KPINo；]2fPsom，) (5)

n can be seen fronl Fig 1a that the slope of tIle 1ine is 1．99 wllich is close to 2，so the

81‘7actcd compound shouId be u02(Ⅳ03)2，2TBP The pjot of ig口P vs 19[PsOjf。I in

Fig lb giVes a slope of 1．71 which is close to 2，so the extracted compound should be

U02啤03】2-2PSO．

Therefore，Eqs．(3)and(5)can be e。pressed as
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DT=蜥INoi]2ITBPj?

DP=郧【N03】2IPso饩

According to Eqs．(6)，(7)and Fig 1a，Fig lb

h

乜
西

Kt=19 03

Ⅳ口=74 41

g【TB P】枷

Fig．1a The effec‘of TBP。qul】ibrinIn

concentration on distnbutioll ratio

c；o，：+=l o×10。nlol／L

Q
口’

(6)

g，【PSOl轴

Fig．1b Tlm e乳ct甜PS()equ】li hrn)1

conccnLration on di8tribution ratlf’

coo，：，=l()×10一3ni01／L

3．2 synergistic extractkn mechanhm of uranium(VI)by a mixture of TBP

and PSo

The出stribution ratios of uramum(VI】between 2．o m01／L aqueo郴ni“ic acld and

TBP(o 02 to o l mol／L)and O．1 mol／L PsO itl benzene increase with the mcreasmg

e五tractant concentrati。n(Fi92a)． The extractability of 1lranium(VI)fronl 2 o mol／L

面t“c acid aqueous rrIedium by PsO(o 02 to o l mol／L)and o l moI／L TBP in benzene

increases with extractant concentration(Fig 2b)

If the synergistic extraction reaction is presented as

uo；十+2Noi十mTBP(。，)+nPso(。)鬯9 uo?(N03)2-mTBP—nPso(。} (8)
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The synergistic eqlliUb血Ⅱn const aIltis

蜥P二[u02(N03)2 n1TBP nPsoj(。，)／{[uo}2．{Noi]2[TBP】器)【Pso]j：，1) (9)

The synerglstic extraction distribution ratio i5

DTP can be expressed as

DTP=蜥P[Noi】2【TBP JlnlPso：nu

DTP=D—DT—Dr

(10)

(儿)

Where D is the dlstr．buti。n ratio with the miXtllre of extractants DT and DP are

the distTibution ratios with TBP and PSO，respectively

Q
口

g【TB Pl阱
Fig．2a Tlle e行ect of TBP oqumbrIunl

concentratioIl on 8y“ergistic extractio”

distribution ratio

cgso=o l 01110l／L．c：o，z+=l×lo一3mol／L

⋯P s01¨
Fig．2b Thc c圩ect of PS0 c小Iillbriu“

cOnc叫tratloIl伽syner郾stlc cx拈actlon

dist ributlou r越iu

c已o，t+=1×1u一3Inol／L．c譬BP=o l(jnl01，L

It can be seen from Fig 2a and F喀2b that the slope ofthe line is 0 99 aJld 0 98

respectively．Therefbre，the synergistic extTaction reaction can be described as：

uo；++2Noi+TBP(。，)+Pso(。)世”u02(N03)TBP．Pso(。) (12)

DTP=．陆P[Noi]2【TBP]f。)[Pso f13

The expe血nent al data sh。w that the average value。f the eq血曲riu如c。nstant KTP

is 57 44 Possible homogeneous reactions are as foUows：

u02(N03)2．2TBP【。)+u02(N03)2 2PsO㈤鱼2u02(N03)2 TBP．PsO(。，) (14)
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3l=K％P{KtKP

Ⅵ)1 12

(15)

u02(N03)2-2TBP(。)+Pso{；．1些u02(N03)2 TBP
PsO(。)+TBP⋯) (16】

82=K{P限T

u02(N03)2 2Pso(。，)+TBP(。)垒uo 2(N03)2 TBP PsOf。．1+PsO

83=KTpfKr f1 0

硒(19．03)，耳P(74 41)and蜥P(57 44)refer to Eqs(6)，(7)and(13)F工-om AITP，

ⅨT姐dⅣP the Values obt“ned for口l，p2 and阮are 2 33，3 02 and 0 77，respef

tiVely． Therefore，we t王LirLk the synergjstic extraction efFect is duo to the compolln(1

u02(N03)2‘TBP·PsO(。)produced in the organic phase The suggested structure caIl b E，

seen iII Fig．3．

O

c。、 f＼

≥专誓<三qH少5哕弋．=013，＼。
qH· 氏／o

～

O

F远．3 The structllre of

U02(N03)2-TBP·PSO

C OH。，moJ L

Fig．4 Syne。gistic t，xtractitm(oP埘cⅢl L v、

c3so

c皂％z+=1 o×1 o_3 l儿ul／L

3-3 In丑uence of extractant concentration on synergistic extraction coemcient

Synergistic extraction coefhcient

s=口／(DT+DP)=(DT+DP十DTP)／(_DT+口P) (20)
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The S values from 2、0 moL／L HN03 are shown in Fig．4．The syne‘gistic enhancerr坨nt

of the extraction of 1lraIli咖(VI)js clearly seen血Flg 4，obtalned by keeping the total

concentration of TBP and PSO c。nst a11t and varying the fraction。f each extractant It

has been found that the m崩mum 5ynergistic extrac“on e行套n occllrs where the molar

ratio of petro工eum suH嫡des(PsO)to t“一n-butyl phosphate(TBP)is one to two

According to Eqs．(6)，(7)，(13)and(20)，the synergistic extraction coemcient s is

Dresented as fbllows：

s={KT[Noi】2【TBP】知)+琊【Noi]2(Pso]≈)+蜥P【Noi]2(TBPl(。)【Ps01f。】)／

{—陆[Noi J2[TBP】≈)+-陆，[Noi]2[Pso】I，))

{．陆十。Fo[Pso】乙)／[TBP】i，)+勋P[Pso】(。)／[TBPj㈠))／{KT+．砩【Pso]乙)／门?BP]：，))
(21)

Ⅱz二[Ps01I．、)／【TBPl(¨)

s=【蜥+邱z2+蜥Pz]／【蜥+脚。21-1+硒P。／【蜥十蜥z2]
BecaⅡse S is the m缸iTInlm value where dS／dz=O

z=(硒／所，)1／2=(19．03／74 41)1／2=O．5057

[PsO]f。)／[TBP】m)=x=o 5057

Owingto

[PsO](。)十门?BP】扣)=o．10m。l／L

[PsOk=o 0336m01／L

So the calculated v“ue of the maxiIImm synergjstic extraction coemcieⅡt

the exDerimental value
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