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Formation Characteristics and Its Numerical Models of the

Third Phase in the U(IV)-HNO;~TBP-n-dodecane System
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Tokai-mura, Naka-gun, Ibaraki-ken
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Extraction experiments were carried out to study characteristics
of the third phase formation in the 30% TBP-n-dodecane-U(IV)-HNO3
system. The third phase is formed by mixing 10 ml of agqueous solution
and 10 ml of TBP-n-dodecane.

Volumes and concentrations of U(IV) and HNOs; of the aquecus,
light organic and the third phases were measured after an equilibrium,
Concentrations of TBP, n-dodecane and H0 in two organic phases were
also measured. The numerical equations which calculate the volume
and the concentrations of U(IV) and HNOj3 not only for the third phase
but also for the light organic phase were deduced by the regressicn
analysis method as functions of concentrations of U(IV) and HNO3 in the
initial aqueous solution. The results of present study are as follows:

1) U(IV) concentration and volume of the third phase increased

from 70 to 190 g/l and from 1.5 to 3.5 ml, respectively,
with increasing in U(IV) concentration of the initial

aqueous solution, from 40 to 130 g/l.



2)

3)

4)
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There were good correlation between U(IV) concentration of
the initial aqueous solution and U(IV) concentration of the
third phase, and between volume of the third phase and
U(IV) concentration of the initial aqueous solution.

The TBP concentrations of the third phase (50 to 80%) were
correlated to U(IV) (40 to 130 g/l1) and HNO3 concentrations
(1.5 to 6 mal/l) of the initial aqueous solution.

The concentrations of U(IV) and HNO3; in the equilibrium
aqueous phase were equal to the values calculated with an
equation for distribution ratio without taking into account

the third phase formation.

Third Phase, Light Organic Phase, U(IV}, TBP,
Limiting Organic Concentration, n-dodecane,
Distribution Ratio, Regression Analysis,

Correlation Coefficient, Characteristic Model
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EH RS AR ORERES (1) (n01/0 ), U(IV)EEZ{U)(2/0 )& U TH3EEM Va(nl )
OFEIIIROXERWE, :

Va=AO+AL [H]+AZ[UT+A3TH) [U] +A4 [H] 2+A5 [U]2+A6 K] 2[ U] 2
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oz, A0~ ABIZRRETHDOE ST UL,
F(R)>F(6,32,0.00) THbH. BREFIVIR. 1% KETERBTHS.
BRI L AFTEERAR 18-alIRT,

SHIGFER Vo(n0 ) BXUKAR Valnl ) i3, SHESEKOHREM—Z(20.100 ) THN . ki
Ky —F(9.600 ) THAHAI LM SERAICLET.

Vo=20.1‘(V3+VA) N Va=9.8 t[./to
3.5.3 E38, BEERE. BXUTKEORIREET NV

3.5.3.1 K*ﬁlﬁﬂi@lﬁﬁ*%?)b

K*@Jﬁ?ﬁ*@ﬁ‘éﬁﬂa&ﬁ%ﬁﬂmol/é ). U(IV) £ (U} (2/€ ) & LTSI B L UBABETO
FaEe(no1/0 ). U(IV)(g/0 ). TBPHREE(% )EBULK*B#ZUDF#E(MUQ ). U(IV)#E(g/0 ) Z3f
"9, Eﬁﬁs@iﬁfﬁ CiOFTEILIERDAZA N,

Co=AO+A] [H]+A2[U3+A3[H] [UT+A4[H] 2+A5[U)2+AB[H] 2{U]®

ST, A0~ ASIXRETH DEISEICE BILR LT,

WENORETSH FROF(6,p,0.01) THDH. BRETIME. 1% KETHERETHD, JIK,
piz, F—F8(n)-6-1 THD(L
TER , BRI ZHAERRIX 3 Hol 8 BLIUR 10IERLE,

3.5.3.2 WHEKEPREERTTN
TE AR OTEELIEE % [H) (no1/€ ). U(IVIBEE (U] (8/0 ) & UTHMEBE SUBEMETD
FEE(ol/@ ). UCIV)(g/@ ). TBPURME(%) #Hui&@i“%%b\to

C,=A0+AT[H]+A2 [UJ+ASTH] [U]+A4 [H]) 2+A5{U]2+A6 (1] 2 [U)

i, A0~ ABIIREITH DR TICM LTz,
WEhOEETS F(R)>F(6,2,0.01) THH, ERMEFIME. 1% XKETHEETH S,
ERL L AHEREEE UIV)IcoWTHE 17-bic, BERIZDWTH 17-ci, TBPIC DN TE

17_d‘:ﬁ:"—§-o

3.5.3.3 THEESAMEIREERLET)) :
T ARIERONRRERES (1] (nol/Q ). WIV)#E%[U](g/2 ) & LTHEINB L UEAN
R ORER (mol/0 ), U(IV){g/¢ ). TBPEE R OFHREIIZROEAZRAHINE,



JAERI-M 93-014

C Ca=AO+AL[H]+AZ [UJ+A3(H] [U)+A4 [H] 2+ A5 (U] 2+AB [H] 2 [U]®
ST, A0~ MBI TH DR BIDR UL,
WEThOBRETS F(R)>F6,0,0.01) THH., ERETIZE. 1% KETEETH 2,
EiRRc k BEHERRE UV IOV TH 18-bic, HEICOWTHE 18-ciZ, TB2IIDWTE
18-4{Z7R T o

3.5.4 EFIEEREOHR
FEIEEOEFNIIOWTERBEL EFNIC L FHEBEOLBEE 13h5F 16I0RLE,
FRENOEL. EHICERESE & O RIC T EEER - TR Uz, Hid, HESBICEURAIC
EBEH L= 3EEDEFNICOWTRUE, EDSIFICKEFRETREEET TV, FRAEDR
EREETT)IBIUCLERISTREERTTIVTH D, ERIELHEET IV ORMOMEEREI,
0.83~0.98TH -2, EIEHEMEAES JULERETRIWEORRE UTREBSIIDL
7. BRIITRTEEEFNENRIT-2, 18-al0R Uk AMERET U(IV) REQEMICEST
AAE U(IV) ., 88T UV BEL 8T 20 TKERRTRECELTEELED
O rEREC U(IV) BES L UREEME ORINICREW S AR N T AR & o /2, KIT.
BRI (V) BEAKES L UL ERETRAEEOER Y UTREBSICOVWTERRIR
TR ThENEIT-b 2 18-b IR, ABFMEREET TN TIE, B3P U(IV)REIFHE
AAEEREE S LT U(IV) EEE OB > TN L2, —7 . £EMETEREEET TV TIEHE
ERIERE OB BN < BERERE 0.2~0.6m0)/¢ OEETIE HIV)REOE(LEZTRTHERE, €
IFBROES TS, KB X ULERETHSREOR L LTREIMNPHERREDOEL
FETRENEIT-c L 18-cloRT, SIEPRRE R, AET UV REOHEINICHENEDTD
AT L. SRS OEN L LEBELEUTH 2. UL, 2EMEPIHERE
I DNWT R B & B c &AM REE I ORI MV B R RR I BN U 1=, SBEFR S
VIC B A TRPIARE 2 KA B L U A E P HBE OB E LTREBE W TERR
PRI E ENEREIT-d L 18-4I0RT , WTNOFET N THHEIEBTBPRER ((V)ERED
M NEI L, BEMRESTBPEEIS U(IV)REOHEMICHNLED L,

Loty

U(IV)-B4Ee-30%TBP-n- k574 > R IC B1S AL MBSO, RABESHAICOVTE

BHEREELDBE.
1. 830 U(IV)., RYEES L UTBPIRE 2 o TNCARUE. AEREPHRBRES LV (VIR

EOEmc#E->TEMLUZ, |

2. SMUSSEMEOERIE. £ECIOEELES, BEREZGEHEEERAKRE LT
REBS. 3y —EETH2,
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 CozADHAL[HI+AZ[UI+A3[H] (U] +A4[H] 24A5 U] 2+A61H] 2] 2
TZIZ. A0~ ABIREITH DR BIIRULE,
WEROBEETY F(R)>F(6,p,0.01) THO. BRETIVE. 1% XKETEETH S,
R L AETEEREE U(IV) 2 DWTH 18-biz, BEEICDWTE 18-ciZ, TBRIZDWTH
18-diZmd o

3.5.4 ETFNELEREOHER
FEIEEDETNVICODWTEREE EFNVICE B EE OE8EX 13763 16IIRLE,
FhEOEIE, SR & OHICTEEENR->TRLE, Bk, St3BRICAURAE
EE L7 3BENEFNIEONWTRLE, ENSIEICKERETREEET TV, FRAETE
EREETILEIULERETRERRETIN TH D, ERELFHETTINORMOEREGREI.
0.83~0.98TH 7, EIEMEKEE S ULEHTTRASWEOREE UTREBEIIDN
7. ERLITRTIER R ZNENELT-0, 18-aloR Uiz, AR U(IV)REDEMICHE>T
AAREE U(IV) 38R, &A8ES (V) BE L ENT 20 TREFETREICBEUTEELED
O EERC U(IV) MBS L USRI ORI RV S SEARAININ T 2R E 2o 72, KIT,
I (V) EEEKEB L UL ESETRAREOERE UTRERSITONWTERRAVR
THERE TNENELT-b 2 18-DISRT o AIEPREEET TV TE. BHEP U(VIREIITFH
KIEREES LU O(V) BEOEINIE > T-IILE, —/ ., £ERETRERREE TV TR
BRI ORI  BEELRE 0.2~0.6m01/¢ OEEETIE HIV)REOELERY HERIE, &
FERDSSTND, KB I ULEBETRSREOREK E LT REHEPHRREDOEL
EEZNENEIT-c L 18-CclIRT, S PHEEEE., KET UV REOHEINICENERDLTS
R L, AEREDERBEEORR Y LSS LBUTH 2, UL, £EHEPREIRE
T DNT R A L WIC S E M PRI E DI M EE RIS DI U =, BEIETFR S
VI BARIE TP 2 /008 L UL AT hE MEE O E UTREGSIIOVWTERR
PR EEE T NEARIT-1 £ 18-dIZRT. WTROETHNTHHEIEHBPEET U(IV)RED
BN L, SSAMERTRPEE I U(IV)IREOBIICAENED L.

4, 5t B
U{IV)-TSER-30%TBP-n- R 71 VR ic BT 2EGHEE RS ORZIEM,. BAMHRESBIIONWTE
ﬁ#%&iaméa
1. S3E0 U(V). B X UTBPEE 2 o IC RIS, AEFMTHRRES LU (V)&
Emiabut#—rci%ﬂuw;o _

2. £ UEHEMEORRIT, RECIOEELED, BEREZGEEEABAERELT
RESBE, By —FEETH L.



JAERI-M 83-014

3. EIEEMRILBNTY UV)BIUEBOSERISTEEEE. BUEHERLZVWRT
ko oA ERFERER L TR UEREER—HLE,

4. KIBEE, FEABELULERETOAR 2R L UERITIZED . N HHERER
H0. 830 EoEIRASBONIZ,

5. SROFE

M TEAED - RICERTZIE. UVD-UN)ORTOF— I HRBRTHD, 7. K
ENEDH—BOBHEC L AFRICINTENZOE A BVETINEED . MIISREROT
FNEEL D, ASEET, ito %0 LEEAME o MRS L UBEMET KD BE3
R RS T RO BBV TF — 7 TH D, LRIBPEECEEIDVWTLHELLENDS
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Table 2 The initial conditions and water
concentrations in the third and

light organic phase

Initial aqueous Water concentration
solution Third Light organic
HNCs g, phase phase
(mol/¢ ) (g/8) (8/2) (8/¢ )
1.58 79.3 7.6 2.4
1.89 70.0 5.7 2.7
2.5 ¢« 8.2 7.8 2.8
2.68 65.7 7.1 2.0
2.79 54.5 6.2 2.9
2.88 44.0 §.2 4.5
3.38 67.0 6.6 1.3
3.44 57.5 7.9 1.8
3.56 47.8 7.6 2.7
5.90 46.2 §.2 1.8
Table 8 Coefficient values of model 1 Table 4 Coefficient values of model 2
for the third phase volume for the third phase volume
AD -3.506 AD 2.581
A1 1.154 Al -0.514
A2 0.07228 A2 0.0382
Al 2.318E-3 A3 -7.32E-4
Ad -0.0812 Ad 0.0877
Ab -2.726E-4 A5 ~3.524E-4
26 ~1.182E-5 | A6 2.758E-5
Correiation Correlation
coefficient 0.9083 coefficient 0.8910
F(R) 25.0 F(R) 22.5
F(8,33,0.01) 3.41 F{6,34,0.01) 3.37

F(R) is ratio of variance by regressicn
F(6,33,0.01) is F value of the F-examination
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Table 5 Coefficient values of model 3

for the third phase volume

O -5.86
Al 13.30
A2 0.3005
A3 -0.34618
Al -4 287
A5 ~2.076E-3
AB 3.2273E-3
Correlation
coefficient 0.9103
F(R) 25.8
F(6,32,0.01) 3.43

Table 68 Coefficient values of model 1 for concentrations of components

in the third and the light organic phases

Third phage Light organic phase
HNOa U(IV) TBP HNCa U(Iv) TEP
AC 10.5954 ~62.08 -10.53 -0.7444 -1.37 46.83
A1 -3.07333 18.84 11.57 0.4788¢ 17.35 -5.20
A2 -0.239001 2.469 1.057 0.027102 ¢.250 ~0.364
A3 0.0401238 0.0357 0.0403 -9,5989E-3 -0.2613 -0.055{
A4 . 0.30256 -1.587 ~0.873 -0.01700 -1.53 0.422
A 1.56429E-3 -5.975E-3  -3.972E-3 -1.24148-4 -3.70E-4 1.248E~1
AB ~-5.2723E-5  -1.571E~+4 -2.570E-4 9.013E-5 2.955E-4 1.083E-4
Correlation
coefficient 0.8695 0.9324 0.9223 0.9053 0.9226 0.9790
- F(R) 7.23 36.5 19.0 14.4 18.0 88.5
Flup ,)# 4.46 3.41 3.87 3.94 3.94 3.7
P 14 33 20 19 19 33

¥ F(,p,) indicates F(8,p ,0.01). p= n-6-1. n= number of data.
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Table 7 Coefficient values of model 2 for concentrations of components
in the third and the light organic phases
Third phase Light organic phase
HE Uiiv) TBP HNO 2 U(IV) TBP
AQ -2.2797 207.81 77.20 0.4308 13.72 18.07
A1 1.32071 -84.59 -14.57 ¢.03637 -0.277 4,04
A2 0.125682 ~-4.285 -0.2685 -0.002502 -0.3052 0.342
43 -0.04844 31.0515 0.3725 -3.5750E-3  0.1277 -(.3235
Ad -0.08529 7.87 1.67 4.061E-3 -0.219 -0.327
Ab -5.4B89E-4 .01355 -4 05E-4 9,537K-8 8.28E-4 -1.214E-3
AB 8.43648-5  -0.005353 -6.17E-4 6.825E-6 -2.287E-4 8.124E-4
Correlation
coefficient 0.8300 3.9523 {1.8588 0.5672 3.8705 0.9110
F(R}) .55 68.1 4.0 53.1 B.87 25.2
F{,p,) 4,01 ' 3.29 3.48 3.76 4.10 3.45
D 18 42 30 22 17 31

* F(,p ,) indicates F(6,p ,0.01). p= n-6-1. n= number of data.

Table 8 Coefficient.values of model 8 for concentrations of components

in the third and the light organic phases

Third phase

Light organic phase

ENOs U(IV) TBP KO 5 U{IV) TP
40 2.1980  -100.52 -38.69 -0.1913  105.31 £5.00
41 -1.72052  314.77 192.23 1.31818  -226.10 -90.23
A2 -0.080549 6.957 4,155 0.008997 -4.074 -1.732
A3 0.0600204 -8.0857 -5.7724 -0.0133373  7.5777 2.2414
Ad 1.98859 - -160.22 -83.65 -0.38228  79.08 40.32
A5 6.8987E-4  -0.03139 -0.031886 -9.3328-5  0.02972 0.01044
46 -2.72289E-4  0.097133 0.074598 7.8565E-5 -0.086387  -0.024530
Correlation : _
coefficient  0.9482 0.9564 0.8992 0.9623 0.9192 0.9427
F(R) 34.2 54.1 15.5 43.8 16.3 33.2
Fop ) 3.67 3.71 3.76 3.81 4.01 3.63
p 24 23 22 21 18 25

x F(,p,) indicates F(8,p ,0.01). p= n-6-1. n= number cof data.
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Fig.1 Limiting concentration of the third phase formation
as functions of concentrations of UCIV) and HNDs in

both the initial and the equilibrated aqueous phases

The concentrations of HNO, and UCIV) in the initial aqueous
solution indicated by intersected solid lines are correspond
to the concentrations of HNO; and UCIV) in the equilibrated
aqueous phase (abscisa and ordinate). Volume ratio of the
initial aqueous solution and 30%-TBP-n - dodecane is 1:1.

O:Experimental points
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HNOs concentration in the third phase (mol/¢ )
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Fig.3 HNO; concentration in the third phase calculated as functions

of HNO; and UCIV) concentrations in the initial aqueous solution
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U(IY) concentration in the third phase (g/€ )
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.Fig.d UCIV) concentration in the third phase calculated as functions

of UCIV) and HNO; concentrations in the initial aqueous solution



HNOs in the light organic phase {mol/¢ )
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Fig.5 HNO; concentration in the third phase calculated as functions of
HNO; and UCIV) concentrations in the initial aqueous solution
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HNOs concentration in the equilibrated aqueocus phase {mol/@ )
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Fig.7 1iNOs comcentration in the equilibrated aqueous phase calculated

as functions of HNOs; and UCIV) concentrations in the initial

aqueous solution
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Fig.9-a Comparison of calculated and measured HNOs concentrations

in the equilibrated aqueous phase
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TBP/U(IV) (mol/2 /mol/Q )
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Fig. 11 Molar ratio of TBP and U(IV) in the third
and light organic phases as a function of

UCIV) concentration in each phases
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