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Abstract: Several main nuclides(** Am, '"*Eu and ®*Np) in radioactive waste solution were selected and examined to mu-

tual separation with di-(2-ethylhexyl) phosphoric acid by solvent extraction technique. *'Np was extracted more than 99.9%
adding the H,0, that was a good reductant for the oxidation state control of *Np. *' Am, **Eu and *Np could be fairly well
separated one another during the different sequence stripping stages, but about 7~9.6% of the other nuclides were still re-

mained for the *'Am stripping solution. This result shows that the product of *Eu and *'Np was good, but *'Am may be

needed to further purification process. It was also discussed on the cause of the third phase formation phenomenon that was

found in the solvent regeneration.
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Sz AT o3, 4] Npo| Ashaels 5o
559 AAgHojx = B-F 53 (disproportionation)
Bge2 Np(IV) 2 Np(VDE EAlshcs] whahol,
F 2o Adgdd e FE Np(V)E £A4%
t}. DEHPA (di-(2-ethylhexyl) phosphoric acid) 3
EA °Jg Npe &4, Np9| Atsir} e o &
£33 A& Np(V)>Np(VI)>>Np(V) &
2 R3E3 glew, Np(V)e] 588 F447)7]
Y& 4= KMnO,, K,Cr,0,, H,0,, Ferrous sulfamate,
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hydroxylamine 52| Al&gA == FAAE 75}
o, Np(V)E F&&°] & Np(V)} Np(V)E
A7} A g H3A A 2E3n ok 23U 35
Qa7 8 S =& #dAE AL AE 2
b H71Fke] S/ B oizt AAldE A
7 F2 ek Wb Np(V)E Np(V)E 3#H14]7)
<ol AHgste oerbA] #4AF HO.& vl 3
Fol 4o]stz d(salt) FAo] glen, HO9 0,2
A EdEe S4E 7HAT deng Npd #114
2 o] AEHT Ao [5] 2z FE AT
Solol] N AAFHA ] oFETHY THIE 4
He FAo Fubsool sk oo HE A
AR Q37 2 7H 2 Yok

E Aol A 12[6]0 4 EEF Y AmF} “Eu
of gk ALAAE vigto 2 uhalA s Aol 559
A= HEAQL AeFHF shdal “Npo| disto
%74 DEHPAS} 3414 H,0,% AHgslo] A4s
Ao 9] 3% 2 932 %53} DEHPA/n-dodecane
ol Aol sl Adstsc.
2.4 4
2. 1. AlSF

%49l di-(2-ethylhexyl) phosphoric acid
(DEHPA), H,0,9 ¢¢Zi}o}4(25%)= Merck A
£, 93%4 4 di-ethylenetriamine pentaacetic acid
(DTPA)+= Aldrich A%, n-dodecaneg Fluka A
& Ze]x HNO,, methyl isobutyl ketone(MIBK)2}
CH,CH(OH)COOH=  Junsei A|¥, 2-thenoyl
trifluoroaceton(TTA)+= Kanto A}, (CH,OH),
(CHOH), % citric acid= Showa A|¢F, Fe(NO,),-
9H.0, (NH,),CO;= Katayama AJek& A}&-3}<c),
“Am3} Eu 54 E v)ZF29 IPL(Isotope Prod-
uct Laboratories)A} A%, 2837 ®Np E9¢4=
959 AEA technologyAl A¥E& AH&-3hsich.

2.2. 7|7|

FEAPL 25 9 AREzAC] A5y AE)
(dry air bath shaker, =A4| 3-8, 29 36-sin-100)&
AHseE A SAU MAm, FEu % PNp
#Z2 LSC(liquid scintillation analyzer; Packard
mode] 2500TR/AB)Z ®-As}edct. zelw Eu, Nd

T4, A7HE AlE, 1996

£48 ICP(inductive coupled plasma emission spec-
troscopy; Jobinyvon model JY 38 plus)E, Fe:
A A(atomic absorption spectrometer; Varian model
B470), IR ~#E3.& BeckmanA} model IR-4200
2 27390,

2.3. Mgy
2.3.1. &
20ml 4359 H247)o] AAMtee] FLo4d3
IM DEHPA/n-dodecane F&491& A& zA9
R

E #55EE £

2.3.2. 94F=&

12} ¥5$5& “Am, "Eu % *NpE DEHPA/n
-dodecane 0. & F&3te AL {74 F U=k 1
A 9%EA49 (NH,).DTPAS} 1.5M HAk(lactic
acid) ] EF-E-AE F-97} 1:10] HEE 20ml 2
4710 A ohg AYI|E Al IFZshqc).
27} 4F&L 13 42 EAYFAA os 7 2
dAg 23} I5EA < 6M HNOLHe 2ay
1:1e] E=2 20ml f2]&7]d g o zer)2
43 At 4Fgslod. 34 935 23 9
FEAYAA o $78 F dASH 33 9%
A<l 05M SAMPEAE R} 1ile] FHeE
20ml f-2]-&7)o) H o2 72 F88) Aus
o J+F34d).

-

2.3.3. Np9| Ahstatef 24

AE o A3 ¥Np9) Abshabe] 242 Srinivasan
S [7]o] AHeg g e gojisyio 24
gtk Np(V)E& 1M Zikgodda 0.5Me] 2-
thenoyltrifluoroaceton(TTA) ol oj&) AHFHoz =
290, Np(V) 2 Np(VD & o] A= 350
=4 grerh 28l Np(V) 2 Np(V)E= A4k o
EFoR I3 IMY Aikg-dox MIBKd| <
# FEo] Hu, Np(V)E o] ZAo|H ZZ0] 57|
#ethe 42E o443y Np(V), Np(V) 2 Np
(VDE Azdo 2 E4314ct.
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Fig. 1& %% IM DEHPA/n-dodecaneo 2 0.
IM HNOs&¢] *Am, "Eu ¥ *NpE F5¢ A
#FAz Aabsrol Zo1el wel #Am3} "Eu
9 3&¢& F43% Axdgdov, *Npe *Am ¥
WEushe Aol FEAFE RAFL it} AdbE
E7} 0.5M o]5t9e] e Aisrt 715t
el F&&0 7“\3}‘4# 0.5M~2M M= F
E&o| ] FastH, 2M o|4te] AdFrAE
oA FE 80| FA3F Frlske AL el ¢l
t}. o]s} zo] AAbEEI} 2M o]l A ¥Npe] F
£&o] 7kste &4 Np(V)7h Np(IV) =+ Np
(VDE 48 == 34 ﬂ“ 4] (1)-‘—} e 5455
w84 sl Np(V)+= s =7} 371855 5
Z4 DEHPA-| -’?‘-%] ;_1’5]\_ Np(IV) =& Np
(VDE Agtss ko] Z715122 AA 9 F5&0]

2NpO,* +4H* = Np** +NpO,** +2H,0 [€))
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Fig. 1. Extraction of main elements in HLLW with
1M DEHPA /n-dodecane as a function of ni-
tric acid.
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M* +3(HR), = M(HR,),+3H* (2)

o}7]4, HR& DEHPAE Jehiich,

et Npol F&4& 4 29 o 4 (3)F 2
o] DEHPA FZ&A¢ Np(V)ol 4z4-g3td 33
21 732 4 9l

NpO;*(» +3(HR) 2102 NpOR(HR )5y + H* (1) (3)

4714, B2 (A)% (0)=
g rhehuich.

47t g 714

3.1 2. SRH(HO,) g8
Fig. 2= 0.1IM9 HNO,¢ 1M¢ DEHPA/n-
dodecane®] ZAd A FEA17F 9 H,0,9 =43
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Fig. 2. Effect of H,0, concentration on the extrac-
tion of Np with IM DEHPA /n-dodecane.
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Fig. 3. Effect of DEHPA concentration on the ex-
traction of *'Am, "*Eu and *Np at 0.1M
HNO,.
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NpO,* +1/2 HO,+3H* = Np** +1/2 0,4+ 2H,0 (4)

23 MAmz} 'PEug] $&e ojgd #44 H0,
o %L AsEy %4 IM DEHPA/n-
dodecane, #94 H,0, 357} 1M, 2£X7}e] 14
Zb ol A F44e] AAETI} FEl
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Fig. 4. Effect of DTPA concentration on the strip-
ping of #*'Am, '*Eu and *Np.

3.1.3 F&HEE g8

244 HO, ¥=7b IM ZAA 334
DEHPA 5z ®i3}ld] tig *Am, '"Eu % *Np &
%9 #5& 9s= Fig 33 2o 492735 vy
Atszrl 0.IMe]z %49 DEHPAY &7}
0.8M o]arolg] #'Am, '""Eu @ ®Np €% 2% 99
% o4 FEHdch. wq gdq £4¢ 9
H4% 524 DEHPASE& IMZ 3as3ic).

3.1.4. 3R ¥

DEHPA #&AZ RS2 E 358 o 4714
o crud7b AAEHEY £ AP A3 F4o)
<9 %7t EA¥(tracer) ¥TolmZ A 18[6]
AA LR Ao} 2o] crud ANE YAY 4 e
AYZEA 3549 24559 8], 2 [DEHPA]/
[Metal]e] Eu]7} 9 o)4tel 21& $24)7)= o9

ol At cruds A=A rgtet.

3.2, 1x} 9=

12} 95%& %4 DEHPA/n-dodecane?] 7
Hog #28 "Am, "Fu ¥ *Np 4% 3 923
Al DTPA/lactic acidE o]45}e] #Am #Zute
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3.2.1. DTPAST g8
AAEE7 1.5Ma ZAH4 DTPARE Wil
o *'Am, “Fu 2 %Np %%é%oﬂ g AgA
F= Fig. 49 Zth. AlRoA =% nje} 7o)
DTPAs-=7} Z71ed4E “Am9 @l%“-% e 27}
sit7l DTPASE7} 0.05Mde) %3282
53 DTPAS %7} 0.05M ojAted d325282 714
2 ik [6]. o9} e FAE oo 3
7] M= FF F7HEYe] dedda fidd.
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FEEE 27 9.6%9 7.6% °lgich. welAd *Am
Lo gt HAz Aol dasite AL ¢ 5 o

rl
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449} pHE 25~4.002 WHs}elLd *Am, “Eu
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Fig. 6. Lactic acid concentration effect of DTPA on
the stripping of *'Am, '’Eu and *'Np.
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FE2EL Vel Fojth. FAibsErl 713 ol
A MAm g WEu dF9 9358¢e Fkslglen
stdol] #Am3 PEue] Az Eers Hx Pasin
ot @ebA *Am #Fo] dFFEo| A3 ¥Am
3 Eu %9 4xielAsst 2 AEEE 1~
1.5Me]f, it 1.5M dg *Ame] 93582
43%0°]3 *Am3} Eu] Az E-esE 8o|4t).

3.3. 2&I AF

12} 43T A -2 “Eu g ¥Np 9%
< AFEHA 4 frM g2 EAsiez 2
A 43ET AN HNO G Ao 2 Euy 8358 e
Al 6M HNO, £ ALgstod
99% o]l WEuwt qFFEglod,
&2 Fig. 7oA BE ule} 2]
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Fig. 7. Effect of HNO; concentration on the strip-
ping of #Np.
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3.4, 37} =&

12} o 23} QFE7AolA 2L ¥Nprt |93
54 41 FUe 2R EAEER 3% 9%
SR A ALY o8 d&2H9[Fig. 8]
“Np9| 9F&Aq 44 g9 HArr (5M
24, ojd 92% 9] *Np7} §52= 4t}

3.5. Am-DTPA %29 Ea|

Am—DTPA AES 224]7]7]1 9 DTPAY =

& Y4aEd 93259 PAm $942 10M 3

%@.’gi pHE 152 z#§ % 1M DEHPA/n-
dodecane FEAE t}A] 58 A3} 99% o)A}
99 21 fU14eR 5% YAme o4
6M HNO; £ 0 2 oJ3£4 Az} 99%o0]Ate] #Am
of 45850 ¥gdoz Am-DIPA 28g ¥
AZ 4 99t

3.6. SojxyA

A 1R [6]eH A3 Zojsde thate 2 Lo
FZ°| A48 IM DEHPA/n-dodecaneS xjA}4-3}
71 #13t 0.5M (NH,),C0,¢ 0.05M (CH,OH),

Tgss, A73H A3, 1996
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Fig. 8. Effect of oxalic acid concentration on the
stripping of ®"Np.

(CHOH).& 1:1 ¥¥u2 &gy Lde 21439
FE49E AAZ 23} A 34H(third phase) AR
Aol vebitoni[Fig. 9(a)], ol HAHE A4 34
< o|u] A 1RA =3 u} 9)= DEHPA 3242
FRSUALE $5€ 9 {716 A4 PE AgEn
%2 A 34(crud)[Fig. 9(b)]= o2 Hejs
Ehigich. & Aol golAAZ A A A E=
A 3% RIS sAs) sk mgAA NG,
Eu, Yo WhAlAwo) B0 2 Lojz)YA] EA7) 5
€ Fed] F&o AM4g A ALolo] gt S zApe}
A 34 AR AYe gt

3.6.1. AIBoje| S

AAZ FE557F A 34 QA u)HE ik
dd Agsct. FE4A4R0] gl Aargdny M
DEHPA /n- dodecane FEAE ol&ste] oA H&
g oupe} e APz 25, 4 1, A 2 2 A

93% #$4& AF 3 & DEHPA £&4v)q
s 0.5M(NH,),CO,¢t 0.05M (CH,0H),(CHOH),
o EFEA0E Fr14uE AR A Loy}
Aol A A 3ol AR st webA ojg} o
A]z;l"ﬂ_,,].i_r_g-{ A 34 A Ao 9\101/(1 F40] 0]
e T2 AL L lokE AAo] we A



DEHPA F& Ao &g <deleEdaed ddF5d2 4sgedy D 159

Fig. 9. Photography of the third phase formation
and the regenerated solvent by using several
modifiers. (a) The third phase formation,
(b) The crud formation, (¢) Removal of the
third phase with TBP, (d) Removal of the
third phase with alcohol, (e) Removal of the
third phase with HNO,.

HA 2 &2} DEHPA/n-dodecane®} 49|
254 Zas) ool R 24E8
AstAcHFig. 10 +4 5% A%y IM
DEHPA/n—dodecane[Fig. 10(a)], z8lZ 32|
AFEg Nd, Eu 2 Y %89S 0.1M HNOsoll A4
IM DEHPA/n-dodecane® %% §7]|&ujol] thgt
IR 2" e3[Fig, 10(b)]& &4t Fig. 10(a)
2] DEHPA/n-dodecane #-ujo] i3l IR A8 E3&
EH 1030Cm~'el4 vehts [P-0]-C F<d,
1230Cm™"eol| A vehts PO ASwr) Bl 24
& 1690Cm '¢] OH F ¥ (bending)w, 2350Cm™",
2680Cm™" o)l 4 Jeht= OH A5u S& Belx 9}
t}. IM DEHPA/n-dodecane[Fig, 10(a)]¢} Nd,
Eu % Y &349& 0.1M HNO;9l4 1M DEHPA
/n-dodecane® &3k §-7]&njo] W3 IR 2dE
H3 wws BH 4% DEHPA/n-dodecane?)
1230Cm ' 4 Yelt= P-0 F4ursl Metal(Ill)
< —’}‘—éf\f} DEHPA /n-dodecane?] A #HEZo||1=
] B} frequency® Ao](shift) =z 9J&¢S & &
sick. DEHPAe| & 37 F&olgs F&
DEHPAS] P—0st 24oleste] Agd &g
& g Ao [10) 22z QA Sohe g IR

A oo
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Fig. 10. Infrared spectra of DEHPA/n-dodecane.
(a) 1M DEHPA/n-dodecane(fresh), (b)
1M DEHPA/n-dodecane after extraction
of metal(Ill) ions, (¢) 1M DEHPA/n-
dodecane after stripping with DTPA and
HNO,, (d) 1M DEHPA/n-dodecane after
final solvent regeneration.

AHEHL Fig, 10(c)3} #on, 935 23 Nd,
Eu9—] ZHetE A4 Eo] Halse] 1230Cm™" Ho]z9
Ho|Ar s} ZolAl 7 % & 4 ook zElz AAE
3 Loujjo] i3t IR A#MET Fig. 10(d)E B9 Fig.
10(a) o o3 “&“H——] o)z & kg el
Yeg el & HE AE 4 5 ok g4
DEHPA/n-dodecane £r}¢] IR A" e Jeh}
Metal-DEHPA 9] ZZEHE Y FE£E5EY
F AFE F9E F glenE FE4vl9 29y
2 HJRASE EAsl=d o8-8 T 3l& Aol

Hz o e

3.6.2. M 34 M "%,*Xl

o s 2y %iv} laiﬂi A 3% A
g o] 712 AMghel g Al e dkby
28 #Asln glong B A= 4
B2 4 9le 7hsAe] e 2 7R whel o
%ﬁﬂdﬂ

HAZ AAZ tributylphate (TBP)E A}&-3}
04 4o g A Az A e oA [Fig 9

_.g_i'.,m[oo
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(©)] oldf A= A 34 AA F2d TBPY oj2
Aol ore [TBP]=(0.063+02[DEHPAT)ol= 2,
IM DEHPA<Ql #A¢ #8% TBP ¥&& o 0.07M
o]t & Agdx= [DEHPA]/[TBP]=4¢ ug¢
2 AH8-3te A 34ko] AAS . 22t A 34 A

ARAE A TBPY o] Fole 2 £5%

T oo, TBPE AH4dte Afds E4Y4E
2o 2 AAGTA B Lde ATEA Age
A o¥-5 WY HEste] Agetolol Yoy B
e [11].

EHE ¢3¢ (long-chain aliphatic alcohol) &
phase modifier2 Frlsle o Aubo] s Ags}
Aot AEFY dFLEFE n-octyl alcoholm 2-
ethyl hexanole|H, o] ¥ 7}2] ¢z&& 22 A
WA 2 A&3te] [DEHPA]/[ Alcohol]=49) u) &2
SE AL A A 3 Ao] ¢lojzeny TBPE
A AR} o388 o ARe] Moz A 3
Aol Fr1483 8o ® AReED [Fig. 9
1

AMAZ HYE 4olE FFLE 1~23 AHs}
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£ AAT og AG FRYolLA(25%)F 0.5M
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cane f7|4olE AHstw A 34to] gloiA [Fig.
9(e)], AALeHE }A] 22U AL237) S84
T 0.1IM HNO,Z odZsled 4 H3}c),

UHAZ A 34 AYHANA FLolgo] AXA
o fd9le 2 =352 DEHPA/n-dodecaneo] =
He dEEF 2 3RS Y94 o)) BETaRe
£o|29 55 9T 4 A: Yo ds A
sttt MRS Aol Ea)3HE Fes) & F&o)2e

43, A7 A 1%, 1996

CHAY - gES

Fo} thE 2 Fedl FEE Al F54559 o
FEEEE =2 e 4AE AT Y citric
acdE FEDANA A4 Az o4 FAH9
718l Fe $43& dE €4 + o, o
o AR #7]4E 05M  (NH,).COs9 0.05M
(CH,0H),(CHOH),9) &&-4d0o2 Q43 A A
34o] AAE A skokth.

ol AAZNE Sujade] HAzZAL ¢4 S
SANA vHA ez o] AANAF Lo =
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