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Mutual separation of Am and rare earths from simulated nuclear
liquid waste solution by mixer-settler with Zr—-DEHPA
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Abstract

This study was carried out to confirm the optimum condition of mutual separation
for Am and RE(rare earth elements) from the simulated radioactive waste solution with
Zr-1M DEHPA (di-(2-ethylhexyl) phosphoric acid ) using a mixer-settler (cyrano type, 16
stages) extractor. As results, more than 99.6% of Am and Eu were coextracted with
Zr-1M DEHPA/dodecane(Zr = 15g/L) at 1M HNO; in the extraction step (MX-1). In the
first stripping step for the selective separation of Am(MX-2), 99.5% of Am was stripped
with the mixed solution of 0.0oM DTPA and 1M lactic acid (pH=3.6). At that time, the

separation factor of RE with respect to Am was over 100.
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]"3-4 FZ& A2l DEHPA (di-(2-ethylhexyl) phosphoric acid), = CMPO (octyl (phenyl)-N,
N-diisobutylcarbamoylmethyl phosphine oxide) % DIDPA (di-iso decyl phosphoric acid)
£ Abgsto] aiEE AE A% v du1~8l. DEHPA: Zibskd mE FE40
CMPOSt= Mz ditd 4dS 7 A FEA=A4 dibs vt ‘*%"i A7 o
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ug 2943 zr 9o DEHPA(l3h Zr-DEHPAZ E7)7F tid]l 2ZA2 A& 7bsshc

a1 AAE BE Qlth[6, 10]. Zr-DEHPAS. 2 Am 2 REE F5% 49 Zis=7F IMelA
% 7lEsgE Ho| walzon olul Am¥ REC 4&Ru] % DEHPAS w%d A4S
el ow A4 DTPA & AR& A oFoll s 51314 QbdAdo] & Ao g ey
Aol M= Zr-DEHPAE AR&38to] 473 Am¥ RES] 329 Ao 2iY 43
g& 9% g ﬂxqzﬁoi 11 g#e] 2ol HA A A S tides &4 X X (mixer
-settler) & o] & 9% vt &F(counter-current) FEZ Am3} RES| s e AdA39=
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2.1 Aok
DEHPA, n-dodecane, NHs, HNOsE= Merck A]¢F, zirconium sulphate, di-ethylene
triaminepentaaceticacid (DTPA)+= Aldrich A]¢F, lactic acidi= TEDIA Al¢F, HySOy,

(CH>OH)2(CHOH)4= Showa A]¢F, 18] 31 LSCE cocktail &1+ PackardA} el Ultima Gold
2 Agad AmE v o] IPLAMA A E9)ste] Abgst T

7171 ® A
—i,—% AL A AT 1692 mixer-settlerE Al&3Fg o, g9 p
model 940 pH WE 2 =43¢ty 283 WA 5994 “Am FFL A4
(liquid scintillation analyzer; Packard model 2500TR/AB)¢} th5dtx EA7] (Oxford,
MCA, Ge(Li) detector), Cs= ¢#F &34 7](Varian model B470)2 &4 3slar Z18be] &
£ 40 e FEAZAT Zg2nt 2337 (Jobinyvon model JY 38 plus)® 4138143t}
3] A4+ ShimpoAt?] digital tachometer(model: DT-205B) % <A 3}
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2.3. Zr-DEHPA #Alx 2 A=Az
DEHPA$} 314 A dodecane®.® 1M DEHA/dodecans W&l LA %ol Zr(SO.)2E 1M



HoSOs0l €31 A1A 1M HoSOs9] Zr €8S whEh 18)al o) F £4&1] FIn|2 H|
oA Het F AMAMNE 303 Zre FUIFCR FEF F FUIETE BEste 111 F
vln]e] 1M H.SOs &Ho 2 13 A H3le] Zr-DEHPAS wEAY. 183l Zr-DEHPA 9]
AdFEo] Ao mAE JFS MAAIE AMYFFo= Zr-DEHPA 7145 IM
HNOs &4} 1119 Huuz 13 AH3 F {7148 o 3% (watman, IPS)EZ o] 2}3sto] 3¢
£ FES AAZ S Abgsdth 28lal Zr-1M DEHPAS] Zr 33 5%+ 1M HoS0.9)
Zr €93 Zr& IM DEHAZ F&3 89, {7140S A 1M HoSOs €94 2 /717
S AAE 3 IM HNO; Al H-g8e] 7Zr ko] EAARZRY A

2.4. 0.05M DTPA/IM lactic acid (pH=3.6) &3-&
0.05M DTPA/IM lactic acid (pH=3.6)2] &3gde] Az A =] DTPA

£ "HAst
of Hlo|Ad HF & FFHFE 7hetal W3 dRYolsFE A A3 X47}3}‘¥i/\1 WHEALA 2
3 gajA1 71tk &8i® 0.06M DTPA &) 1M lactic acidE 7}ste] #daA &A1z
o ST E 7tete 1L Ry &g E AFESte] &9 FuE Huog 1L 7MAA %
4% §F dEYolsRE pHYE 360 Hes ESHEA HFHIIL 1L U5 SFFE 7
ske] whET
2.5, B WAbg o Alx

& AAel HLLW [5lell EA8t= 58 5920 duxdas A6
7o @4 i HEFQ] Amoll RES] B4 = Nd, Eu, Ce, Y 18 3L
ez}
=

AmZ} RE #E3AQAA A4 942 & Zr, Fe, Mo, #7494 €42 Sr, Cso 11
BEe AR IM Adgelo] &7 Az 22T 4 Az AHEH BE A
ke EFAGS TUE AHgstgon, mo Ragdele] stz Table 15} 2k,

Table 1. Chemical compositions of the simulated HLLW solution

Element | 111t oealL) | HILW. Gac/L) Reagent

TRU “Am 1.20x10* M trace amount RI

Nd 434x10° M 507x10% M Nd(NO3)3 + 6H20

Ce 3.30x10“ M 347x10° M Ce(NO3z)3 - 6H20
RE Y 840x10° M 7.90%10° M Y(NO3)3 + 4H20

Dy 1.11x10° M 1.11x10° M Dy(NO3)3 + 5H20

Eu 1.90x10° M 1.05x10° M Eu(NO3)3 - 5H20

7r 6.90x10° M 4.82x10° M ZrO(NO3)2 + xH:0

Fe 3.80x10“ M 2.02x10° M Fe(NO3)3 - 9H-0
FP Mo 6.90x10 % M 6.90x10° M | (NHa)sMo7O2 + 4H-0

Sr 1.65x10° M 2.08x10 % M Sr(NO3)»

Cs 371x10° M 348x10°% M CsNOs

Medium | HNO; 2~3M IM HNO;




2.6 ¥ 2 HJx

B Ao AFg3 cyrano typeol &3 28 9] compact type (390mm(L) x
90 mm(W) x90 mm(H) .24 &2 7|44 EFo=2 F s & £fste Edddo]
AA ol s son, EdE F A4S dATES FASEA BAxE Bl £ =
2 dAsle wEJY. 24 AAES AltuglassZ, impeller?} level controllers Stainless
steel 304LE A A G om 7zt EFAXZ EFF(mixer)9t A X X(settler)o] H3+= 717}
6nest 17mlE WEYT Eln EFAA R ST F14e AR GRR 524 39
on, AAxE A& EFd /F714 dAE
Aol e 7F dojubAl skt ZF AXZed = screw typee] AAZEZX7F JoAAM 7 o
N AHzHo] JhesstA A&t EEAA FEFT FU1de RS gy e=
3}7] 918l A perforated single paddle BHElS] impellerE A}23F3th. Impellers 2 E GOV
DC, 1/16 HP) 3lv 2 =1 3|dEEE 248 & JLF aFrho] gear boxdl AAEo] 9
IFEEE 2HY F J=EF v a2"a &9 E HE= F7189E Young-lin
Model : M930 (solvent delivery pump)& AF&-3t%121, & 42 Pharmacia Biotec. Peristaltic
pump (Model : P-1, €% 0.6~500 mé/hr)E A& 3} th.

2.7. 954 g gulFE R 955 A9
AL o2 FFEL AP 4FES 7] fste] EFHFAE 2x(se)E AT

b

impeller?] 3] 1% %% digital tachometer® Z733lo] 1800 rpme] ¥ %% DC voltage
regulator(1~3600 rpm, =4 7t5)& AR&ste] AR AX oA FE& A #7149
AL screw typed] AWZAAZAXE o] &35to] ZF dolAe AWMS ZHsA

e 4 TEAAF Zr-1M DEHPASH IM ZAH&AS 1:19] Raul2 & o

AR o e
&+ E7) f1eke] oF 4A13F EF FA (blank test) dte] HAxzule] AWEHA
§% 9 impeller HAFE LE AR2Ae 249 g 2eldele FFael A
= =

FAANxEE o] &3 A% vt FREFE QxS Table 2 2 Fig. 13} 2vh

Table 2. Operation conditions of the banks

Bank No. Feed Feeding stage Flow rate(mf/hr)
@ Simulated feed solution 9 60
MX-1 @ Zr-1M DEHPA/dodecane 16 60
@ 1M HNOs (Scrub solution) 1 12
@ Loaded Zr-DEHPA 8 60
@ 1M Zr-DEHPA/dodecane (Scrub 1 12
MX-2 solvent)
® 0.06M DTPA in 1M Lactic acid 16 7
(pH=3.6)
® Loaded Zr-DEHPA 1 72
MX-3
@ 6M HNO:; 8 30




3. A% 2 n@
3.1 FF udd §ulFEe] B #gk o]&A ALt

Mixer-settleroll A &7 v EF x|z Lo B e
} - F moles/L molesiL
Zol A RulAS (D), 49 (0/A) 2 FE05+E Y — S
St FE&Y 9FE&S AME F+ Jd& HFH =
209 Aedte] o2d FEuss EFAAZ Seet
#2239 Ads PFaed 24390 Benedict Xy v
[12]9] 7143 wiopre BAFAAL ol gate] Zz oyt
a9s FAsEA Stagen
A, DE A1) #Zo] AHolsHA, ” T

n yn—l
D=-2- (1) xy v

X
Stege 2

ol n7hAel FASAE
Yon1 = Yo = E_ (Xn - Xl) (2) sz Y1
2 @l (A9l HEujAF g ol &sh gelshy, Seget
Yn = B(lel - YO) + Dxy (3) Reffinate EC;[VGH’[

(21714, B = DE/ F) S el JomoleslL
zZF ko)l Ax D ghol dAS YA 7HAEE, vi ~ v Nomenclature for cascade of solvent extraction stage
< FEIA o] & N el A &3to] A s,

S AR ) + %
VN B B 1 1 Vo Vo
Raffinate(x))S & EHATA2S o] &8l] &AL, FE2&Y IFE2&2 o 2o
F(x"- x1) E(yn - Vo) 5)
YN Yo ___BT-1
Dx" ~ v, ANt -1
N E yx - X1
%ﬁ_% = __F_\_X_F__, 9_13_7'-_3% = __X_F___
(1) Am 2 RE 3+&

Zr-DEHPA FEA9] Zr $R s = 15g/LE AAste] AMg3t9eH [Fig. 2], O/A=1/1
°]i1, 1M HNOs 25T, 3]#2] AdoA Amel 13] F&&°] 80.0%°]3L oluf u]A (D)
#kol 4.001Avk [Fig. 31[8]. 32 AAZAAE 7HA L 37 vt SwjFE9] F o #3 o
EZALNCZ Fo FEEF Uit FEEL Table 37 2t FET57F 3do]d 98.8%
o]’ Amo| FEHJow, FEGATTE 6@ B o= 9.98%7F FEHE AS & F A
Table 3. Calculated extraction yields of Am with stage number of mixer—settler

o5 1 2 3 4 5 6
FEE, % 80.00 95.24 98.82 99.71 99.93 99.98




(2) RE 93

Eu®l 749 0O/A=1/1 ©]aL, 1M HNOs, 25Col|A 3724 23 oA 1@ AFE 80
olaL olw] FujAS(D) gkol 8.9°]3th [Fig. 4], [8]. F&+<} &S

@7 2dkol 98.88%, 3Tl A $-oli= 99.87%<] Eut 9F&
FE3ted L TEE OG5S A4S A3 NdE 49, Cex 59 Y& 79 o)A T e 3skaith

3.2. Am % RE & 5%

Al MX @ Al 1 MXE Am/RE 59 #5948 3538 34 2% Fig. 13 o] 16
o] EAANZMX-1DS AHgstg o, 2o WA H AL 9g AAHLAL g =574
7Zr-1M DEHPAYE 19| F43le] FE5L 9d, AAH L (scrubbing)2 79, #<%8](0O/A H])
= 1:12, 283 25CoA A A3 AN B2 {71749 Am¥} Eu-°4 TETHE
Fig. 59} zt}. A 7to] A33ke] et Am 2 Eu, Nd, Ce, Dy, Y 59 F&4& 32473
S7ksto]l of 200%o] At FHo LRSS & F A} A 24 T 74 @
of #8444 Ul Am¥ Eu9 T=E& 4% 23 Fig. 64 2t 18 FEE5E 99 od
Am¥} Eu®l A2 FFo] 7t & A= gdEon, & APgAzs o|&gHoz ALt
g FEUTF 2 FEEY FAE 235 Al

ZF Ao FEE2 U2 (D9 Aod & A H (steady-state)ol| A 2] T HE 7]
TH](relative concentration ratio)Z4] Zr-DEHPAZ®2] #7149 F&Y+= 2+
o},

To2 A F
Qa9 FEE, 938 9 By A4S (separatio factor : SF)E= th23 o] A
E (%) = [Ci x Flror / [Ci X Flrag x 100 6)
S (%) = [Ci x Flpag / [Ci x Flrorg x 100 (7
SF = [Cep,i/Cjlr / [Crp,i/ Cjlp (8

o714, F& f+%mL/hr), Cit 2 949 $E=Bg/L =& mole),
Crp,i @ ZF FP 9949 5% (mole), Ci: AmY ¥

g ol HA Feob P 22 M &M (feed) @t 717 A9 & (product) ol A
o] &S YETE Am¥ Eufl FE& ZH2F 99.8%¢F 99.6%=A EF G2 MX-190 A
o] EE Am¥ Ewl fU1Fe® FEHIASS & F dvh =S UHA REEE Nde
94.4%, Cex 90.6%, Y& 99.9% FZ=dtt. 1832 DEHPA] % Am3} RE¢ F&%& ot
S e wksAow gF3 4 Q) [10, 11]

o
>
ol
© i

7zt + 3(HA), © HoZrAs + 4H'

HoZrAs + MNO»)” & M(NO3)ZrAs + 2H'
1714, M : Am’, Eu” (37}¢] Am3} RE 92)
(HA)2 : #7174 2] DEHPAS] o]A Al (dimer)

¥ i Fig. 8& 3"0}%3101]"1 MX-1e FY5= 77174
3ol Zr-DEHPASQ] #7142

7Zr, Mo, Feo] 98% o)A —irig
Atk 2¥re] Sr, Cs, 59 9

MAE gre g FEel gt



3.3 Am A¥A AFEF (1 @A 9FF)
A2 MX A 2 MXE E842% 1 MXAA Am, REZ 35 %389 dol& f714e
25EH Am ¥g d¥How AFE57] 913k Fig. 13 2ol 16We £FAHA=(MX-2)&
AFESE o, MX-194 dof 3.691 0.05M DTPA/IM
Aol 8N 169, 1y FE&2 8%, Al A (scrubbing)
ek, F&Hl= 101, 2185 25Ce] =4 A9 A Zrel w2 8242 Am¥}
Eud H=1HlE Fig. 73 2o &
sho] oF 250%o] Z st H o S 2
995% 9FE=HAd. Eud 4% Amds g2 S Hola Yoy I FEE EF
10ppm ©]8t=Z A #A4 Qxfel] 7]%18k+= .
Fig. 9% A EHA MX-2d FLE= 7140l
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FEd 92¥LEE VEoR §ho
DTPA 953& #8402 539 7 dae] A4FE&S Ut Am va A=A
2 AqFEs] AF MX-2¢A4= 99% ool Ame] 9FEH 0o, Eue o 5% Amt
T AFEHAY 2 vkl REE oF 1~2%, Fex 7.6%, Mot 82%7F Am¥ Sk 9%
= HAfdH ol TAIH = dae MoZAM Am F& 2 @‘1—%% o EdeAd 2L A3
A A FEA] AAA A AThI B .

3.4. RE 9%F% 2 @A 9F%)

Al 3 MX @ Al 3 MXE Al 2 MXAlA do]& #7175 6M HNO3S. 2 RE ¥h-& A€ %
o8 AFEFse FA(YFE 8otk A A[8] AFeA, RE 949 AFEAETS B
A =S dgdd A Zr-DEHPAC] td RE 949 F&5&2 $ vorvz FE53&
= F717%4 F5%9 RE dae 6Mo Aigdor 44 95352 F eS¢ F A
th mEbA 2 Aol A= A Ee] BATS Fol7] Hte] Al 3 MXE 2dsA &
A A 2 MXAlA vlEE #7]4S ol 6M HNO;O. 2 53] A% H= 9F53 A3 Eus
99% o]’do] AFEH AT ol st AP A= oA Euol ulg o]&3 Axtozm F3 o
FEds 9 JFEF8Y A 2985 Ao

3.5. Am/RE &g A4 2 &A%
dH vgd uFEe] TEAAZTAA T3 AFAAZEE Am/RE 8 ATE ALtst
M Table 49} #t}.

o

Table 4. Separation factors of each element with respect to Am

Elements Am Eu Nd Ce Y
Separation Factors(Am/RE) 1 167 807 377 10750
2ol REE©] Am¥ Zo] FFZHom (A1 MX)(Fig. 8), Ame| A83 o3& A
(A 2 MX)+= dF9o REE°] Am¥ #Zo] AF=HJ o (Fig. 9), Am 7|+ RE oigh &
89 A% BE 100 o) g 493 wET 9y A%E A a3 A% YA
Figle vl dEd ot FHAAITHEAIE o] )o] A iste] wel Al 34o] A E ], o]
g FuE) A WYAoE F7133 FEY Mg 2AFEA FRAY FEEEEG 2



of 3 Aoz FAGHT}E ol9d % Zr-DEHPAE AA WA H A +8a A A
Am/RE Faigol A&37] Y= Zr-DEHPAC digt A Ald H7EE F351Y
DEHPA®] ¥ Zro] WAAC o sk 3] of i 2 whxpAdel] ot i Eo] v A=

4. A

WAL H Aol EASE AmT Eus HIES 78 AT 11 d4E dAs ] v
< Ul o2 Zr-DEHPAS AM&3le] 169 EFAAZE AlEste] Ags 4
91 Am¥ RE7} FF&H0 0w, Amo| A8 3 AFFA A5 REE°] Am¥ 2
ZHJ oy, Am 7]F RE Wit Gz ie A5t

AdE Ao Al 3ol BARAE AT EFAFAxY] A g HEV}
Aok elan ool AgA Zr-DEHPA®| 23 Am¥ REC FsiEl7l 7tsses &

%
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...................................... Pat 1. Extraction of Amand RE

1M Zr-DEHPA HLLW 1.0M HNG;
O OmR O
60ml/hr 60ml
v 12mi/hr
1 MX-1 9 1

1
I
P 2 %wlvegﬂm Of Am RE .................. : .................. .
|
1

:F _______ 0.06M DT_PA ir} @
_1[Y| _z£|_3|§|-_|lpA ! @ — 10M LadicAdd
1 g Mx2 |-

Fig. 1 Flowsheet for partitioning of Am and RE with Zr-DEHPA
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Fig. 2 Effect of Zr concentration in Zr-1M DEHPA

on the extraction yields of Am and Eu
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Fig. 3 Effect of HNO, concentration on extraction yields

of each element at Zr-1M DEHPA (Zr=15g/L)
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Fig. 4 Effect of HNO, concentration on the stripping yields of each element
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Fig. 5 Concentration profiles of Am and Eu in the organic
phase with operation time of the first mixer-settler
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phase with operation time of the second mixer-settler
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Fig. 8. Extraction yields of each element in the MX-1 at steady state
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Fig. 9 Stripping yields of each element in the MX-2 at steady state
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