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Development of Partitioning Method: Continucus

Extraction of Neptunium with DIDPA and Continuous

Stripping with Oxalic Acid
Shyunji TANI, Yasuii MORITA and Masumitsu KUBO0TA

Department of Environmental Safety Research
Tokai Regearch Establishment
Japan Atomic Energy Research Imstitute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 30, 1990)

Solvent extraction process with DIDPA (diisodecyl phosphoric acid)
and stripping process with oxalic acid have been studied for the purpose
of separating Np(V) from high-level liquid waste.

The present paper describes studies on continuous counter-current
extraction and stripping using a miniature mixer-settler to examine the
industrial applicability of these two processes.

It was found that more than 99.96% of Np(V) could be extracted with
DIDPA from simulated high-level liquid waste with addition of hydrogen
peroxide. Hydrogen peroxide decomposed in the mixer-settler under the
influence of some elements such as Pd, and then the acceleration of Np
extraction by hydrogen peroxide Waé reduced. However, it was found
possible to increase the Np extraction rate again by resupply of hydrogen
peroxide.

In the experiment on stripping, it was found that more than 99.94%
of Np(IV) could be stripped with 0.8M oxalic acid from DIDPA. The
stripping behavior of Np was well explained by the distribution ratios

obtained through batchwise experiments.

Keywords: Partitioning, High-Level Liquid Waste, Neptunium, Solvent
Extraction, Stripping, Continuous Extractiomn, Mixer-settler,

DIDPA, Oxalic Acid, Hydrogen Peroxide.
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FABES LB OBLEIIC L - THRET 55 V«“»F;%?&EPO%E%?&[ T DAL PR R, TR
FEMCPRIBH L T 20O SM L, JD&ENESLI RPN HERS I &%
HEYE L THEAE R OREZEDTH S,
HOoMMEEICEY T, 1971 FHEI OHOBOFFR AEEL, 1981 1K, Fig 1.1
RYESE Vo v R, HlbELVERDOTHEAEY 5 L%k (Pu, Am, Cm, U)#, Cs
—SrRRUFTOMOCERO IHICAR T L2720 e IEH0TE VSLVERRICE 5 B RR
BrEmll, TOEE, BoBOdETHRIC >OTHRHMOBRE S hoasBERELhI &
AHERE L £ 2,
1984 I EFE L - BB ohRIFEETE, FEEMEE (AL, Annual Limit on Intake)
AR L LB ~NOVBRE OB ENS T, &L VBRI HIB L S BE B O,
MO EFENBYFIHO TS S, REEEIALL -7 FNp >0 TORIEDR b, RY T,
FeETESER TEORSH-NBREE L TRES WA Y,
B d Fig. 12 WORT &5 HREBAM 7 0 € 2 MR ALH T 30, CORSH 7o+ 2@,
&L NUVBEREOTLRAE# Y 5 Y%k (Np, Pu, Am, Cm) B, Cs-Sr#, Tc-B2ETE
BERUZOMOTERCABISHT A7 o€ 2T, 87 7 v iRBONEAEELTE, T4
v%kuvﬁ<uTDHWA&%ﬁ)m;%ﬁﬁmﬁm&vlo@ﬁmiéﬁﬁﬁméé@ﬁ
LTWAYS Fig 1.3 KHEBHMBEE2EELAHS#H 7 v —425RT, ZO3BDIDPAICL B
Am, Cm BUFIHE oZOME, RUFTHALOTEONMEIC >0 TR, Bt i= 1%y —+&
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Np O RO HIicEB L TE, I TONy FEBMSRDIEHESHEL T B,
@ DIDPAZMEA T NI HEDONG, RUOVIEOND R23#BDOI VMO Np £ 6l T
;57),8)0

@ FOHHEE I Np (V) OBLE CREEN - TH 570 EBHE {, i EICHERE L,
HICHEARMLAWES, Np (V) 5 Np (V) BRI Np (VD ~OAE{ERIG &8 - T
5Y ((HRABR),

3 BEAKEREZBRMTAEND (V) O EES—E L #ED o, DIDPAMRTE, Np(lV)

LT THIREN S,
@ Ny FEBROERSS, DIDPAFONp (V) 3, Yo 7Btk > TEERMNICEHRB TS
B AREME A B 10

A, Np Offit RO R el d 5T TO Ny FEROBEAZHTERLL
Y-t b7 I K AEFHN RO FHHERDERICDVTE LB ODTH 5,

HEMBERICEL T, MERICGEB(WKZESNEET 5188, RUFELLVEBSICHNT,
£ 7 4 — FEOBEEEEHNE Np (V) OMIT&BIENS £ L S, 3l RU128a & L
FEESTSVWTER L, BMBEEOEEC > THHEE L, o, Np @) ZDIDPA
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HLW
l 2M HNG;

Formic acid — Denitratiaon

~0, 5M HNG;
Filtratian _%Precipifa’tiﬂn
Zr, Mo, Te
= DIDPA —= Extractian
Am, Cm, RE | Agueous raffinate
Np . Pu Cs,Sr, Te,Others
4M HNOq T
~————3Stripping | Adsorption ¢
Pd,Bh, Re
Organic l
fraction Am., Cm, RE Sr,Cs,0Others
Oxalic acid
Stripping Il lon exchange—= 35r,Cs
e l
Spent Solvent Np,Pu Dthers

Fig. 1.3 Flow-sheet of partitloning process concerned with extraction
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(1) DIDPAfHHA

FAfETEASODIDPA 1026 g ROMEAFETENS TBP (VY B 7F) 133g
%, OASZEHSn — FFH v 2834g THRIRL, 0.5MDIDPA—0.1M TBP/n—-FFh¥
HIEAER LI,
120 ARk E

SE AL SRR kK BB E3%EE) ALEICRUTKTHRL TH
L7,
(3) ZOfthdEEE

BEEn OB ER L - ABEROHEE, Yo oBEITNTRRIROLOEEH L,

2.2 HBERE

Table 2. 1013, CHE TOBNHOMRBFEISV T, RERRARDODREDRICTL6D
ELTEEIC X DHE LS LY~ VERCBEMARERT, HIMFEBRTE, Np (V) 0L DOHE
WMIEA B LT AERICMZ T, Table 2.2 10/ ¢ & 2K Np OIT Nd 2545 1 ko) R,
Nd, Pd, Fe #&¢r 3 BB R U 12k iEB#E®R (Nd, Pd. Fe, Cr, Ni, Na, 5r,
Ba, Cs, Rb, Ru, Rh) 28 AF\ELTIF+ kP F-0D7 4~ FiRE L. BRERERIT
Fnd AHE ORI REE AR LA, RuBBART v FHE (HELR 1 — -
bk oy M) D= ko YT =y LGEEEEAEA L, Y Np i33EEO Amersham In-
ternational plc > SEEA L& DEFEHA LI, CONp @ BELLLWENp (V) THAEI &%
SRNEHIC L OB L, 74— FBEONp (V) BEE, 674X I07°M& L1,

T ER B U 12, RO T o —ANE LIRS, &L VB E
L, Zr, MoK Te ALEE L THEE L BRI DIDPAICKABY 5 YROMB EFEL T
WADT, EREOBEKICITVESRERE L TZr, Mo KU Te 25 TOMRDERSE L1,

1 B AR FE (2 Np Ol DIDPA it s h 2 ok O E L M3 2 HHT, 3 RoRE
Bt i1 Pd & Fe 45 Np OIS ICMEENED 5 5 2 & 55y FEROBER S bh - T0RDT,
ZOMBAFENLENTHEALALGOTH S, B, IS, RULZERSBREREADE LKERE
13, Table 2.1 ERTEN 28D 1Y E Lic, cuid, DIDPARLBEY 7 Y ILHROHEIC
BT, BIHEROMBIEOBICE, 70— FEPOFe (D 414 Y@E% 0 0IMLITICY
LHEN KBS EOMBE TN T EY,
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EEAICIZ{AE Sonal D3 =3 & —w b T -AEH L, 0, MDEEPLEE» ST
EH0T, FHEOIAY—HERI T O, 7 - FRAER O THLH, TOI=1F%—
b T - AR EEE R T AR RIERMENICEE L, BRI E Y 70, SERE 100 ol
/h L EDMAICESA ¥ 7 I ARTEE YT, FRAANOKAROBAILRT » TRy 7%
e fEH LT,

2.4 EEBRMH

EBIHAHERISRun, v vEBIC X Za6HRH%KEE | Run, #H16 Run %% L7, Run Nos.
t~143Hhd 7B, s 4 By, fE 5 B (4 MBEER) THE LT 7, Run No. 1613f0H14E%,
HeiE 2 BT, Run No. 16 il 168 (o a vl THEL/

Run Nos.1~110EBNE, RUFIF4+— &7 — EEdis 4% 4 Table 2.3, Fig. 2.1,
Run Nos.12~ 14D % 4% Table 2.4, Fig.2.2 ;R4 , $72, Run No.15 DIEHAE, &IP3+
Wk b —HEESRE AR 2 Table 2.5, Fig-2.31C, Run Ne.16 % #1% Table 2.6, Fig.
2.4 IR T, ’

2.5 ERAE

THFHF - T ANDT g — NilE, 2T AREEERIC BRI S LICE - THE
AR LA @A L, Run No 1l TR 7RI ANEVEEEZRING A Ik THE UKL NER
HWEAMNO.5CTIFBLAEDFRE7 « — FiR&E L7, P ERTIEMHER Run No.15
TEON AN RUNdAEGUEBHA 757 va Y oNd A& AMIEBRTHEMIBT 2 L iCi -
THHBRE, NpASUEBHE73 7 v v2BL0L, FNEMERECLTEH L,

i —oPEEFERECKE LR, 74— N, X775 7#, DIDPAMBERE LM
L, FREER (3 =344 —+ 7 —02 FROMBEARN HEEL 0 2XI6X(7.0+49)
JCKAB S+ AEMERE) = 4hr, EEICES~T hr & L) @B Lk, $xXTORDOME
Zikw, %y —OEF&EE L.

b 5 — KOERERUAEORENSET LABET, &4 b 7 — b Sk & TRIHERI~
ICERE L 72,

26 4

BREBEOKEROEBHEO N BE R, Ge FEEMMIE T2 6keV O r ##EREL TRDI,
AR 3RS EEREROHMEER TR, WEO Nd BEEZSREEFT EH e, KRETER
794.2 nm, G TEE 802.4 nm OWSEE A#IE L TR, Ei, 3REMRIER K OREE
Td, KD FeAA VAT AV T VET v E UL THEBSE, DALEFAGHLEER
483.0nm ORNEEEZRET A LKLY Fe DRBEE RS/,

_§—



JAERI —M 20-023

1 Chemical composition of estimated HLW

Table 2.

(M (M) 4.))
Fe 0.038 Ru 0.034 Eu .0.0019
Cr 0.0081 Rh  0.0080 Gd- 0.0010
N i 0.0060 P d 0.018 Y 0.0084
Al 0.00076 Ag 0.00085 Am  0.0012
N a 0.076 Cd 0.00085 Cm  0.00025
Mo 0.069 Te 0.0068 U 0.0076
Tc 0.015 N d 0.0434 Np  0.0040
Sr  0.0185 La 0.0147 Pu  0.00095
Ba 0.0207 Ce 0.0330 PO, 0.0023
Cs 0.0371 Pr 0.0137 S i 0, 0.0076
Rb 0.0074 Pm  0.0012 NO; 3.0
7 r 0.069 Sm  0.0086 H* 2.0

Table 2.2 <Chemical composition of simulated HLW

1 component

3 components

12 components

(M) ¢ (%)
Np (V) B.74X 1078 6.74X 1078 6.74X107%
Nd () 0.127 0.0635 0.0835
Pd (1) - 0.009 0.008
Fe () - 0.019 0.018
Cr (I - - 0.00455
Ni (I — - 0.003
Na (I) - - 0.038
Sr (I - - 0.00825
Ba (I - - 0.0104
Cs (I) - - 0.0186
Rb (I) - - 0.0037
Ru (1) - - 0.017
Rh () - - 0.004
H* 0.5 0.5 0.5
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Table 2.3 Experimental conditions for continuous

counter—-current extraction in Run Nos.lwull

Run | Tenp.
Feed Scrub |Strip
No. | (°C) ‘
1 25
0.6M
2 45 Np —HNO;4
3 2b 0.5M HNO;
4 45
5 25 Np+Nd 0.5M 1M
—H.0, —HNOg
3] 45 0.5M HNO,
7 25 | Np+Fe+Pd+Nd +
8 45 0.5M HNO, 0.5M
_HN03
9 25b N p+12 components
10 45 0.6M HNO;
N p+12 components
11 25 | 0.05M Ascorbic Acid | 0.BM
0.5M HNO, -HNO;
* Simulated HLW Table 2.2

k% Solvent

- 0.5M DIDPA+0. 1M TBP/n-dodecane

*%k%k 12 components : Na,Rb,Cs,Cr,Fe,Ni,Sr,Ba,Ru, Rh, Pd,Nd
Solvent Feed Scrub Strip
400 (ml /h) 100 (mi /h) 100(ml /h) 100 {ml /h)
; i ! )
11213[4(016{78|3|1011]1213[14/15/16
l l @
Aqueous Aqueous  Organic
Raffinate Product Fraction
2.1 Operating conditions for the mixer-settler in Run Nos.

I~l1l
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Table 2.4 Experimental conditions for continuous counter-current

extraction in Run Nos.

1214

Run

No.

Temp.

e

Feed

HzOzs0lution

Scru Q

‘Strip

12

25

13

45

Np
+12 components

0.54 HND3

oM Hz0s
+

0.5M ENOg

0.5M H20o

+

0.5M HNOg

8M Ha0p

+

IM HaOp

+

4M HNO4

14, 45

0.5M HNO;

0.5M HNOs

% Simulated HLW Table 2.2
%k Solvent : 0.5(MDIDPA+0.1{M)TBP/n-dodecane
%%k 12 components : Na,Rb,Cs,Cr,Fe,Ni,Sr,Ba,Ru,Rh,Pd, Nd

solution

10 (ml /h)

Solvent
400 (ml /h)

v v

H20,

Feed Scrub Strip
100(ml /h) 100(ml /h) 100(ml/h)

l b
78|9)011)1213141516
i ! i

Aqueous Aqueous  Organlc
Raffinate Product Fraction

Fig. 2.2 Operating conditions for the mixer-settler in Run Nos. 12014
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Table 2.5 Experimental conditions for continuous counter—-current

extraction for Run No.l1l53

Run | Temp.
Feed H.:Ossolution 1,2 Scrub
No. | (°C) -
Np+12-components 84 Hz 0, 8M H 0,
156 45 ; + +
0.54 HNO4 0.5M HNOs 0.5M HNO3
% Simulated HLW : Table 2.2

%% Solvent : 0.5(M)DIDPA+0.1(M)TBP/n-dodecane
k%% 12 components : MNa,Rb,Cs,Cr,Fe,Ni,Sr;Ba,Ru,Rh,Pd,Nd

H 0, solution 1 Feed
10 (mf /h) . 100 (ml /h)
Solvent . HeO2 solution 2 Scrub
400 (m] /h) 10 (ml /h) 100 {ml /h)

oo }

112(3|415(6(7|8]9|101111213 1411516

l | i

Aqueous Organic
Raffinate Fraction

Fig. 2.3 Operating condition for the mixer-settler in Run No.l5
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Table 2.6 Experimental conditions for continuocus counter—-current

gtripping for Run No.l6

Run | Temp. Nep—loadeded

_S‘triD
No. | (C) Organic Fraction .
16 25 Solvent+Np~2.03X10°°M 0.8M HoCs0y4

% Solvent : 0.5(M)DIDPA+0. [(M)TBP/n-dodecane

No—l oaded

Organic 0.8M H,C,0,
Fraction Strip
300 (ml /h) 300 (ml /b))

; | !

1121314158718l lol1h2i34lsl6

l !

No—Aqueous - Organic
Product Raffinate

Fig. 2.4 Operating condition for the mixer-settler in Run No.l6

_11”_
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3.1 Np (V) D&l

MRS 1 5 BB TOKRGERIEHICEY 5 NpE 70 7 (V& 7 4~ K& Np
BESETE S L. 27 5 7 HICEBE KR AR L 7245°C OB ( Run No.4) TOEHREHIC L
< Pig.3. 1R, C CTHM Np BIE 70 7 4 v St BBSERBR AT O), BRI
AT BT Np ORMRIES ~KEIETH 5 C &iehtid 3" C oB#OESsAE:
3. Np O EES AKX 0 EEEHT 50T, LEHHEROBRICONTE, ik
K Np T 70 7 ¢ AV CIHE AT - 72, F 70, BARHEOEHE N BEZ2 7 020, AM
BT DIDPADDNp (V) Z i cEIv L LA TE 7,

Fig:3. 1A 5NbE5iCA7— Y Noi (i=7 B7 4 - FEVPEREINLAT V) 15
BRI  b 5 — AKEE Np IBE X1 BRATEY 3,

In Xli)=Ai +B

A, B: EH
N,
X(i)=exp (Al +B)
=B exp (Al)

77, Np OHbREEIR—KEIETHEOT, EEEH kLB L
Kii)=XCi+ 1)+ exp(—kfu)

Rit,
K(ii=C exp (ky 1)

Oy @ &y —IiIC B 3 EEEERE

-,
k=A/fu

L, k21 FF—HATOEDNEEEEHTH 5, ARMBAKEND REZ7 w7 4T
DEBOMEE DL RH CNBATEMESH SR PEAREICLORDI, £/, I BRARLS
Lk —HERIOEE LI, COLDIRLTROALKkERNT, B2 ORBRO KR 1T
Fo, #1413, Fig.3. 1@ 45°C ®FEE (Run No.4) T, ZEFEHIL0.0089s7" T, @EDSH
A95°C WA A 7-EB (Run No.3) TH, 0.0063s™ TH -7

Np OHEHERE, (55— &b 7 - ~ORRRICERE(E S z0EE 1+ —€ 7 P
SOBERICALDE LT, BGHKEPOKMES 74 4 — MR, AMEY 77 v a V&,
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KT = 5T PEE AR L, KA L DRSS

_Npﬂmﬂ$(%>::{1—Xr-Fr/(Xr-Fr+Xp-Fp+Yg-Fo)} x 100

Xr, U Fr @ k774 %— b NpBEE, RUHEE ¢
Xp, U Fp : K705 7 I NplE, RUKR
Yo, KUf Fo © 47 57 ¥ 2 v NpBE, RUHE

i+, ND%&#@SO@Fﬁﬁ@béW@Vp%%%E BHLA,
Table 3.1 {C AT TIT » fodfimHFE (Run Nos.1~15) 8@ 5 Np OfIEFE L+ % &

HTART,

3.1.1 BBIKFEDOER

Fig 3.21C7 + — Fiflg% Np DA E ST HEER & L7cEB (Run Nos.1~4) OMHETKE
Npi & BEOMBRE R, 27 7 THIGERIL KR ZTI L TWEn25°C R U 45°C DEER (Run
Nos.1,2) Tid, Np OHiHEMNE L 24.3, 43.4 B TH »7cds, A7 7 7RI BEKFZER
ML#925°C RuF45°C ©FEES (Run Nos.3.4) OiHER, &4 78.6, 93.1%TH -7, H1bL,
25°C & 45°C LB T, B LKEZEMT A LT, Np OB HSEIE B0 EEETE
7o

BEELAKELSEE L0 &, MdEESEN (305, RELEIGEEOHB# O Np BB
O eV BEVIMORETELT S, —H, BEUKIRSEET 54 Np DIIHEESE D
E D T, MHBEO Np HVEOREDSH THEET 5T, LOROFAMBERENIT P
(B EVHREADES B,

3.1.2 HECLEOTE

R0 THRICEMIKEETRNLT, 70— FighoRFETREEAL TTOREELRI L,
Figs-3.3 U 3.4 it 4 25°C DFEE (Run Nos.3,5,7,9), 45°C DFEER (Run Nos. 4. 6,8,10)
O ERKAE Np 1B & B OBIE %R T MREICE T Np OitEERA 7 1+ — Fi% Pd, Fe
sk Srdr 3 ERATIEEIBEE & L 7o R 4A5 98,3 % (25°C, Run No.7), 98.4 % (45°C, Run No.10)
LELE L, DVTI2RAOMEER, Np OAHOMEER, | WMoBEEgERE LRI Np Dl
HERDINE 1= 7,

Fig.3.5 1037 « — Fig% 3 g ifiBEiE & L7c45°C DEE (Run No.8) O Npigk7 o7
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Table 3.1 Experimental results in continuous

counter—-current extraction

Run N p extracted (%)
Note
No. 25T 45°C i
1 24.8
Np
2 13.41
3 78.8 H: O, in Scrub
4 93.1 Np
5| 69.9 H, O in Scrub
6 82.6 Np+Nd
7] 98.8 ' H:0O;: in Scrub
8 98.4 [Np+Fe+Pd+Nd
9 94.7 H-0O: in Scrub
10 96.1 N p +12 components
11 94.3 Ascorbic acid
12 96.1
H: O, in Scrub
13 98.3
N p+12 components
14 99.0
H: O; resupplied
15 99. 96
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L AARERTEEBEATE, HABNRTRE LTRLEERSN T2 Np KOL'T,
$= yA#—tb5— &ML, DIDPAKT A MEEBEHEL e, UTOFRESK,
1) BEAKER ST NS TE LR T 09. 96 %V LD Np 2T & 5.

(2) HIHOBETHRE LB REBIAT 50 L TEOMBAR S L LHTS 5, BE
{EkERZY VR 70 - CRENICEKEBZELAHTL07T, M7 o+ 2ICE LBRILE
TEEFELSND,

(3) Np OHILEE HHFTEE BRIKRBEOBEEZH 0T, BT, FePALER
FOTEEE Np OHIHEE#3#< T 5,

¥ 72, DIDPAD® Np (V) Q#FEFHEHERIC DL TH, ROFRER,

(1) R+ o 7HWELTOBMDY 2 7AW B YMEBRIET, 9.9 %LU ED Np %
BT X B, |

(2) B DR D—BTDA, SRS vy v e D Fe, BOBEBEZY, OB
0 % Np OAFRESKE 155, -

13) EERHIIC BT B Np (V) OBB)E Yy FEBTE SN PHAMREC L O HPTE
Ba

BlEOBEIC D, &L OVRiks Oy 5 v % (Np, Pu, Am, Cm) RUBIITES

DIDPATCHiItE L, €0, 4MM8TAm, Cm RUBLRUIEZMME L, By v&T

Np&UPu%@%ﬁ?%—@@ﬁﬁ%fu&x@ﬁﬁ%ﬁobf%%wﬁﬁbéﬁéC&ﬁf
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In the Abesence of HzO:

Np (V} in Aqueous Phase

Interaction

Np & —DIDPA

Disproportionation

~ Np (¥), Np (V) in Organic Phase

IR sk
NpOs + “2“" (HR), =
: O—Cio Haz
R='10=
: ?<jO—CmHm
SURURUN © S UUUSRTOUR
|
H

4+m+n—2x

50-023

In the P‘rese.nc-e of H2 0z

Np (V) in Adueous Phase

Interaction
Np (V) -DIDPA

H: Oz — | Reduction
Np (V) in Organic Phase

( Interaction)

L DIDPA

2 NpO:R (HR) « + 5

NpRs (HR)m + NpO: Re

3+m—

NpO:R (HR)x + 9

NpR4(HR}m‘*%?Oz*‘2H20

bR a7

NpR:(HR)m + 4H* + 3 C,0) 22 Np (C:005 +

—

(HRJ.

(HR), +2H;0 (Disproporticnation)

X (HR)s+ L H:0; —

2

{ Reduction)

4 +m

5 (HR):
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1578 HEBESKENe BEHESE

BRKELEHET SR T, Np @ DIDPAICH S SdER I, KIAPOARIKRIRE O
0.5 FCHMTHOT, XF—YNo.i (i=1~7) &EWSH Np OIHEETH K1 EKAT
REND, ' -

kii)=K, [HzOzf-i)]D's ............................................. ceiaes (1)

Ko : ;'%E?f(
H: Ozli) s RF— ¥ No. i DI+ —ZICHAT 2RE{LKZERE

Ko (2@ {L Ak E 4 HMHAH LIV HEE (Run Nos. 9,10) OfdHEISE (27 — ¥ Nos. 5~T7)
DNp DEETER, ki 2D26°C (ks =0.0121s7"), 45°C (ki =0.0171s7" ) DHEEITDOT
WD EHITHRE L,

3 ke = k(7)+ ki6) + k(5]
=Ko (H202{711%° + Ko [H20206))%° + Ko [Hz04/5)) 0

2 Ko=3 ke /{ (He0nl71)° + (He02l81)"° + (H202(5))" }

F/, IFH-MEEE NI -HICEOT, BE{KROSREEEEDL SN ET B L,
H O i) 3R D (2) &5,

HoOpli) =H:0p (i 4+ 1) exp (—Knp{ fy (i +1) 4+ 85 (i +1)}3 e (2)

Kio @R AILkFE O OFLRE T
fuli): 25— UNo 1D FH —HizR i 53 E e
fsiit: AF—3UNo. i Dk I —EicE it 5O E B RR

275 THOBEBCKEBE ERE, RU7 14— FRBELD, WO FMELT, 257 -
UNo. Thb No, 1 ~EBUGIEAITT - TEBICHEAT 2BBLKRBELRN L.

IR TRE LA H0: 1) 2 (NZfRA LTI ERY, &ROBIRTAF—¥ No. 1iTEH 2K
FE Np BE X1 1A 27— Y No. TS No I ~BAGTER 1T > TR Lo, SER{LKEEZBMRE LY
WWHEEE (Run Nos.9, 10) @OKMENpEBE Vo7 4 vb—EHTHLHE, 210 Ky, RS L,
25°C AR 0.0008s™", 45°C DEHEIT0.0012s7 TH» 7.

X=X i+ 1 expl—klile Oulil} e 13)

IEE, 74 - FREONpEBELCHERURYZ 7 7HHRE S X (B)ERE L1,
Np#HistE7 o 75 &) 2 F%RT,
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*kkk NplIHHE IO FS AV 2 b fxkx%

--~--~ netation ----

| : Stage No.

X(i} : Ag. phase Np conc. (M)

HP (i) : Agq. phase HZ02 conc. (M)

K{i) : Np rate constant {(1/s}

RTM{i),RTS¢i) : Mixer.,Settler retention time (s)-
HAS{i) : Settler Ac.phase hold up (-}

v

OPTION BASE O
DIM X(20) HP(20).,K(20) ,RTM(20) .RTS(20) . HAS(20)

F0=400 ' Seolvent flow rate {(mi/h)
FF=100 ' Fead flow rate (ml/h)

FSC=100 Scrub flow rate (ml/h)

FR=10 HZ02 solution flow rate {ml/h)
NPF=6,T4E-0CB ' Feed Np cone. (M)

SCRED=.5 ' Scrub HZ20Z ceéenc. (M)

RED=5 ' Reducing zgent H202 conc. (M)

VM=T ‘ Mixer volume {(ml)

VS5=49 ' Settier volume (mi)

KHP= 0008 ' H202 Decompesition rate constant (1/s)

KNPF=.0121 ‘" Np extraction rate constant (1/s}

"¥%k% Retention time cal. X¥kkkxx
FOR =1 TO T

HAS(1)=.8
RTM (1) =VM/ (FO+FF+FSC) %3600

IF <=3 THEN RTMC(1)=VM/(FO+FF+FSC+FR)%*3600

RTS (1) =VSXxHAS (1) /(FF+FSC)%3B600C

IF 1<=4 THEN RTS{1)=VSXHAS () /(FF+FSC+FRI %3600

NEXT |

"xXkk HZ202 conc. cal. Xe¥oRk¥kkRXk
HP (7)=SCRED*FSC/(FSC+FF )
FOR =6 TO 1 STEP -1
HPCI)Y =HP {1+ 1) XEXP (-KHP)k (RTS (1 + 1) +RTM{1+13)2
IF 1=3 THEN HP(1)=(FR¥RED+ (FF+FSC)xHP (4)XEXP {-KHPXRTM(4)) )/ (FF+FSC+FR)XEX

P{-KHPXRTS (43)

440
450
460
470
480
480
200
510
520
530
540
550
580
570
580
590
600
610
620

NEXT |

PxEkk K(Np) cal . ¥okddksdorksokkk
KO=3%KNPF/{(HP{(T)* .5+HP (B)* 5+HP (E)* .5)

FOR 1=1 TC 7
KCOH)=KOXHF (1) .5

NEXT |

PRRXEK X, [Nplaa. cal. Xdckkokokkxx
X(8)=NPFXFF/(FF+FSC)

FOR {=7 TO 1 STEP -1

ROPY =X {1+ REXP (=K (1) XRTM (1))

NEXT |
FOR |I=1 TO 7
PRINT USING ~ KOR_D =88 #8222 (MY " 10Xy
NEXT |
END
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MH53C @i Np BEERE
FRED, 25— YNo.i it3 % Np OWERLR VR TREN S,
FaX{i)+Fngi)=FaX(i+1)+FDY(i—1) ’ segmemresiesienes AN

X1i), YUi) : zs— U No. i icdsid B kAE, 46 Np e
Fa, Fo: 7kiE, GHHEME

FoY(i—1) FoY {i)
R T ijﬂ__,‘/" ............. £ ]
«———-of! No 1 [*——

FaX (i) - F.X(i+123

F 7, RF—UNo.iitBid 20REHDHIRKD2IXEE D,
Dlil= Y11/ K10 e e 2)
2IRE D, YIO=DIX(i), Y(i-1) =DCi—1) X(i—1) ZIRICRATE L,
FuX 1114 FoD i1 X (1) = FaX (i +1) +8,D(i—1) X(i—1)
CRDG DX -1 +{14RD U} X=X (1 +1) =0 oo (3)
R=Fo/F,

25 — U Nos. 2 ~15F TOHERT I EORIXTREN, RODO~WDI167GET —RK TS
BT B, '

2F—UNo.1 @ ~R[NpJreas + { 1+RDIL}} X(1}=X(2}=0 oo @
2 F—YNo.2 ¢ —RDILX(L)+ [ 1+RDI} X121 -X@)=0 oo @
25—UNo.i @ —RD(i—1) X(i—=1) +{1+RDH) JX =X (1+1) =0 = @
A7 No.15: —RD (14) X (14) +{ 1 +RD (15) FK(15) —X (16) =0 e ®
25— UNo.16: —RD (15) X (15) +{ 1+RD (16) } X (16) =0 e

[NbD]Losa @ Organic Fraction @ Npigf

25 - UNo. | CONEEHR DI =0.84, DI2)~DWUE) =052 &LC, O~BKXTRED
My EREXAE AT AOBEETRNT, £27 — VOKHEND BWE X (D)~XU)ZBEHL 72,
AR Np 2 [ /KAE Np BB & M ECARE L 0 (IR TRE L 72,

Np B 7077 L0 X P ERT,
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10 sookx NpBRIHHEIe 5492 sookx

20" ~---- notatien ----

30 7 XY L.YCiY  Aa..QOrg. phase Np conc. (M)
40 ' DC(1) : Np distribution coefficient (-)

50 ' A(j.,i).B(j) : constants of j stage mass balance eguation
g0 '

70 CPTICN BASE O : . ‘
80 N=186 ' Tota!l stage No. -
90 DIM XIN+1Y.YIN+TILAN+TLN+TYLBIN+1Y.DLND

100 ! .

110 FA=300! " Strip flow rate (m!/h}

120 FO=3001 " QOrganic fraction flow rate {(mi/h)

130 NPF=2.03E-06 ‘ QOrganic fraction Np conc. (M)

140 '

150 D(1y=.84

i60 FOR =2 TO N

170 DC1y=.52

180 NEXT |

180 fmm o o e e e -
200 R=FOQ/FA

210 7

220 B{1)=RXNPF
230 FOR =2 TO N
240 B(IY=0

250 NEXT |

TG N
TO N

HEN A(J.1Y=D0J)%R+1

THEN ACd,1)=-1
THEN ACJ.1)Y=-D{J-1)%R

—_— O

360 ' k%x¥ Gauss elimination method *k¥X
370 ' kkxx X, [Nplag. cal. kkaokkkksxksx
380 FOR K=1 TO N-}

350 FOR J=K+I TO N

400 ACKL, D) =AK, D) FA (KK
410 NEXT J

420 B(K)=B(K)/A(K.K)

430 FOR 1=K+1 TO N 7

440 FOR J=K+1 TO N

450 AL, J)=ACI, D) -AC1 L KIRAK, I3
460 NEXT J

470 BCI)=B{1)-AC]|.K)%B (K}
430 NEXT |

490 NEXT K

500 X(NY=BIN) /A (NN

510 FOR K=N-1 TG ! STEP -]

520 X{K)=B(K)
530 FOR J=K+1 7O N

540 KK =X (KY-A (K, JYRX ()
550 NeXT J

5360 NEXT K

570

580 " ¥k Y. [(Nelorg. cal. sokixkksoordk
590 FCR I=1 TO N
800 Y{l)=DCH)xX(l}

510 NEXT |

B0 T m T o e e e e

530 FOR I=1 TO N

540 FPRINT USING ¥ KOSg ) =88 Rf~ran_ (W) Y(ER_ ) =8 grrrnn_
My "Xy Ly dah)

650 NEXT |

680 END




