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2 BR5iT

2.1 Ga&* Eu't Am'* Y3t 2EEN

2.1.1 c(HHOBEMW i NaNo, 4ER/KAR ¢ (NO3 ) =0. 60 mol/1, R Wk B — & , BUAE KA
HO B, WRESRH D R D, R EE N Am® (Gd®* fl Eu®* 97} L HhRE H* 3K B3¢
Kifi TR, Am** [ Gd** Fl Eu®* #95 Bo L2495 7K A HO W 3 IOTALR .

¥l c(HHM G ,Ev+§ Am*+ HEC LAY W

Table 1 Effect of ¢ (H*) on distribution ratio of Gd** _Eu'* and Ar:'"

¢ (Ht)/mol « 17! 0. 20 0. 25 0.30 0. 40 0.5¢ 0. 60
Gd¥+ 125 75.3 ( 43.7 N i7. 2~__7 8.57 5.42

D Eu—*‘__ N o 41.8 o 24.1 9 80. 4.93 3.06
__A:x;; 2.79 1.54 0.90 ,0.42 0.23 0.15

KHERET iR E, AYLA 0. 60 mol/| HDEHP-IE

2.1.2 FEEMKERNEW KHERE— (0. 25 mol/1 B 0. 40 mol/1) , B4 ZE B ¥ F& s
FTREBER. MABRRERHA 2L BEERE (R 2. 2ERESEPGERE 2 K7
EK.

%2 ERNREMSELHEE®

Table 2 Effect of extractant concentration on distribution ratio

¢ (HDEHP) /mol = [/ 0.20 0. 40 0. 50 0.60 0. 80 1. 00
Am3+ 0.24 1.10 1. 60 2.47 4.24 7.10
ca (HNO3)
Eud+ 8. 66 34.3 47.1 74.8 128 156
=0. 25 mol/}
Gd3+ 15.3 63. 1 85.5 124 186 231
D
Am3+ 0. 05 0.22 0. 33 0. 50 0. 88 1. 35
ca (HNO3)
Eud+ 1.53 6. 43 8.85 12.9 21.0 31.5
=0. 40 mol/1
Gd3+ 2.70 11.3 14.9 24. 1 38.3 57.6
KHEMEFHIERHNE

2.1.3 BEMERSERLAER FEKMHBRE 0. 25 mol/I HNO:) I ZE B ¥ A &
T RERE, MEE . NE 3 FFITES, AR A ST T . REFXLAT
REBRNIADH R AH G =—9.2X 103 vmol ! yAH ppy =—7. 1 X108 emol ™! ,AH%, =—1.9X
1047 «mol ~*  RRAKIR A F TR, (HBERK S B B =  EBUE 25— 35 CE B W #17.
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Table 3 Effect of temperature on distribution ratio

BE/C 13 21 24 25 30 40 50 60
Amd+ 3. 01 ' 2.52 2. 47 2.21 2.12 1.95
D Gd3+ 162 144 124 115 102 95. 0
Eud+ 89.9 74.8 66. 4 57.8 52.7

KA BREEO. 25 mol/IHNOs, & /8 B T R 45 7% | B ; & HL# - 0. 60 mol/I HDEHP-4L 3t

2.1.4 KHEBLIEFERKEXNIARLHER ZRESLELIERS, MRMWAELEITF
BYURCHIRGER MR AYERFIHB LN EEL D S THE FRUALRELTH L.
242 B KA BRI AN KB M B — B B, B KA G 3R, 4 FIE 6ot At #0 Eut B4
Aot R (1, 2) R HEE KR G IR IERN K Gt L am® fil B BE LY T RE. 51
XM TRAMZERREFRN. ~R¥AXRBE TG, BHVHB G ZEUGH %) ; — & HDEHP %
REBHFEUIEAR-HEREFHERMSFLUEEFOTBRRY H FEKHHEER,
FIEKHERENRE, SBREMN TR AEITE L, BE H0. 2 mol/l HNO;, ¢ (Gd*' )<
0. 05 mol/1, 4 .1+ 164 , R FJ 1. 0 mol /I HDEHP-4iH W] A 2 L 3K B Am®+ IR 1 4 5 A WLAE
B, AR TFH—E 05 B Bk 1. 0 mol /I HDEHP-J§ 1 4 A HLA B .

2.1.5 HHEI AR EHERE EKAHEBE 0. 2 mol/t HNO;, ¢ (Gd*')=0. 05 mol/l;
FHLAHL. 0 mol/t HDEHP-EMM&ZAF T MEARMUL T Am* R A ELRER(FKO T
B, 4L, Am* T R b E M K X H— R T KA GE R IBIREM K S
HARHETRENETERNZEHAEBRFBRL B, M AHEERN TREZEREK, HEREH

-3

003 0,05 0,07 0.0 0.1
¢c(Gd)/mol -17!

E1 Am* 4rEREH 5K G+ EBKEN XA
Fig. 1 Change of Am3* distribution ratio with initial 2 Gd&*t Eu** 4R H 5K G+ KK ER X £

Gd3* concentration Fig. 2 Change of Gd**, Eu®* distribution ratio with
KM (EFHRF B Am), 1— 0. 20 mol +1- ' HNOs; 2, initial Gd** concentration
- 3——0.25 mol «I""HNO3, H WL AH: 1—— 1. 0 mol «1='  7KH——0. 20 mol+1-', & 35 77 # B '53Gd &'52Eu; 4 L
HDEHP-#§ M ;2— 0. 80 mol «1~ 'HDEHP-##{;3——0.50 —— 1. 0 mol-1-'HDEHP-#t i .

mol 1~ 'HDEHP-4§ 1t .,

4y
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PUREEBUE R, S5 B TR BK B A LURE L. 5: Lh .

®4 AHLEX Am* HECLEFINEE

Table 4 Change of Am'* distribution ratio with phase ratio

Hitt (o/a) 1:1 1.5:1 2:1 2.5:1 3:1

AR 1. 42 1.64 1.92 1. 80 2.23

KA G+ R IAE F 0. 05 mol/1; FHLAH: 1. 0 mol/I HDEHP-# il

2.2 Am't 5 Gd** Eut Y4

Am’t \Gd®* fl Ew’t SE B —EHFA BN T # Am*t 5 Gd** (Eu** 43 B, % f] DTPA
ERB SR, X Am* T HATE A REMARBUF T AnCIDF Lo B D53 LR HE (T
DTPA TE/KFEVE R, HEA —EMEWER . BN, AR KES AN T2 EHHET HA K
J& Bt HDEHP 75 7K A &5 S a4 R 0K 7L BOK BF 4%, DTPA AR E , B 5 BLULIE . A
WHEEFFR L ARRIELE N2 wol/i, .

HEEBUT 0. 05 mol/1 GA** i AH MY 45 75 7l %' Am, '°Gd F1'52Eu 1. 0 mol/I HDEHP- i YE
RE VAT Am* [ Gd™ fl Eu** ) R XS B R
2.2.1 DTPA¥EMZE W pH3. 4, B¥E 2 mol/I,DTPA ¥ & H 0. 10 mol/t A4k 3] 0. 30
mol/1, 45 R (R5) & : Gd* Ev** fl Am** f) 4} AC HL B DTPA ¥R B /9 38 KT b A , (BT 43 B
FHEAERARWE M0 DTPA R EFURERER, HRELR T . REBRBTARE T
JLR £ DTPA IIE. i3 DTPA ¥ BF 40. 15 mol/1,

%5 DIPA RENHELHFH

Table 5 Effect of DTPA concentration on distribution ratio

¢ (DTPA)/mol -1~ 0.10 0.15 0. 20 0. 25 0. 30
D (Am) 0.25 0.18 0.14
D (Gd) 28.0 21.1 16.0 13.0 12.2
D (Ew) 16. 4 11.5 8.78 7.13 6. 59
8F (Gd/Am) 1.1x10? 1.2X 102 1.1X102 1.2 102
SF (Eu/Am) 64 67 63 66

2.2.2 pH/EXELLEFEMW KA 0. 15 mol/l DTPA-2 mol/1 FLER , (% pH, JU AL HL . A
LRERGER OWE N, HE KW pH 38K, Am’ \Gd™ 1 Eu®* §970 BE A, 20 B I 1 2
A%, pHERERXRZGRE, EKENTERBORE, X3 — 5 L EBAF;pH K, — 7
REXREE, 55— H DTPA BB WARSE , HATH DTPA JifE. itk # pH Jl 3. 2—3. 6.
2.3 BEXR

RIEERLBLER,HE S HRABETT A B BHKBRLE. HP A Y AT
Ln()E3EZM,B 4 An(X)5 Ln(H )5 B, C M 9% 1 [, D 170 S R IR Ut
YR EIWO . LMK AHBREE Y 0. 2 mol/1 HNO;, & 0. 05 mol/1 Gd** B8R 7| & '*°Gd. > Am
' Eu; FHHLAHR 1. 0 mol/| HDEHP-JREM W E 1.5 1, SREWA, B 7 HAW, o] {4y
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Fig. 3 Suggested flowsheet
A5 S RN R

100% 89 Am** (Ew** fil Ga*t, RZMHE YA N 1. 0 mol/1 HDEHP-4 1, & Gd** 0. 033 mol/1 .

RS RFBIPGd, 2 Am F1'Eu; KA % 2 mol/t ZLB§, 0. 15 mol/I DTPA, pH3. 54; B 11,
ZRERYL2 6 FEFER K, L 1005Am™ FEAKH. HEAKBEHHEL3%.
# 6 ki pH MoK
Table 6 Effect of pH on distribution ratio
pH 3.25 3. 60 3.76 4.00 4.28
D (Am) 0.32 0.10 5.1x10°2 2.4X1072 7.0x10 ¢®
D (Gd) 30.8 11.1 6.19 2.75 0.97 »”
D (Eu) 18.2 6. 15 3.44 1. 63 0. 55
3 i
1) HDEHP-JEM AR Ame* ,Ga™ I B’ () SM AR HL A BE BRI BERY 2 Oy BE . PR ,
B3R, .
2) BT R WM ST R, PR AR H TR . ZEBUR RIS B0 A e = —9. 2X 10° |
Jemol ™y AH ) = —7.1 X103 emol™! ,AH%, =—1.9X 10J+mol™",
D BHPERETHRENK, SR TR,
4) FFLER-DTPA FHUEHR K Am™ , 53 BLHUHE DTPA ¥R BERIFE W pH B3 KT % )

5) F1. 0 mol/| HDEHP-4§ 1 2 ZX B3| , LA pH3. 2—3. 6,0. 15 mol/1 DTPA-2 mol/1 #,ER )
VAN R W, BB L B ER B 0. 2 mol/I HNO:HI B P MBI R EWM AN H.,



14

B3 FRES.CMPRBLERBUEREME RN RN EHR 247

£ £ X B

BIFAR, W ER, B WEALEA YR KB DHDECMP B Am( D MBI . BT MR 2EH AR, 1983,
17(3) :332.

BIPHR, M E B, %% 5. DHDECMP B Pu(N ) K& Pu(N)-Am( I )4 BB 5. AL ¥ 5k, 1984,
6(4):236—239.

AR, W, BIP R, S N EERBELEEKIRREGDAB/ L TR FETREREEAR,
1983,17(4) ;443.

Kosyakov VN, Yerin EA. Separation of Transplutonium and Rare-earth Elements by Extraction With HDEHP From
DTPA Solution. Journal of Radioanalytical Chemistry, 1978. 43(1).37.

Svantesson I, Hangstrom 1, Persson G, et al. Separation of Amcricium and Neodymium by Selesiive Stripping and
Subsequent Extraction With HDEHP Using DTZA- Lactic Acid Suluiion in a Ciosee Loop. Radiochem Radioanal Let-
ters, 1979, 3704,5}; 21£-222.

Kolatik Z, Kach G, Xusel HH, «t al. Separation of Americium and Curium From Highly Radioactive Waste Solu-
tions; KFK-1583, 1972.

R, BRI 4. YRRAL¥E (B, B3R, JLR . RSB F AL, 1985. 367.

STUDY ON THE SEPARATION OF ACTINIDES AND
LANTHANIDES RECOVERED FROM
HIGH-LEVEL LIQUID WASTE(HLLW) BY CMP PROCESS

SHU RONGHUA ZHAO HUGEN
HU JINGXIN HUANG HUAIAN

(China Institute of Atomic Energy, P. Q. Box 275, Beijing, 102413)
ABSTRACT

The work investigates the technique conditions for the separation of An( ¥ ) and Ln( I ) within

the acidity range of 0. 2—0. 5 mol/l HNO;. The effects of varying HDEHP, DTPA, H' and initial
metal ion concentrations, and temperature are studied. The results show that the distribution ratio of
Am(X ), Gd( i) and Eu( I ) are proportional to the second power of HDEHP concentration, and in-
versely proportional to the third power of H' concentration, respectively. The extraction enthalpies of
Am(K), Gd(H) and Eu( X ) are —7.1X10*Jemol™!, —9.2X 10 Jemol™' and —1.9X 10 J-
mol~! in turn. 1. 0 mol/1 HDEHP-kerosen is used for coextraction of An( I ) and Ln( 1 ), and a lac-
tic acid-DTPA mixture solution is used for selective striping of An( ¥ ). Counter-current cascade ex-
periments are petformed. Nearly 100% An( I ) is recovered, less than 3% Ln( K ) remains with An

(XI). A conceptual flowsheet for the separation is suggested.

Key words Actinides Lanthanides Separation HDRHP DTPA



