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Determination of Total Rare Earth in HLLW by Spectrophotometry

XIA Feng-lin, KONG Xue-yan, SHI Xiu-mei
The 2™ Branch of the 404 Ltd., China National Nuclear Corporation, Lanzhou 732850, China

Abstract; In this paper, *Sr and """ Cs were extracted into the organic phase from high level
liquid waste(HLLW) by crown ether-calixarene crown ether in suitable acidic conditions.
Then, U, Pu, Th, etc. were also extracted into the organic phase by TOPO-cyclohexane.
The water phase was colored by chlorophosphonazo mA in suitable conditions in order to
obtain the content of RE in HLLW. The extraction conditions of Sr and ""Cs by crown
ether-calixarene crown ether and that of TOPO-cyclohexane were investigated. The coloring
conditions of chlorophosphonazo mA were studied and determined. The results show that
Sr and ""Cs are extracted into the organic phase from HLLW by crown ether-calixarene
crown ether in 4. 5 mol/L HNQ,, while RE are not extracted. The absorbance is linear with
the quality of RE during the 0-10 mg/L at 670 nm. The relative standard deviation of RE in
the simulated-HLLW is 2. 3% (n=6), and the recovery rate is 89. 9%-97. 7%, while, the
relative standard deviation of RE in real HLLW is 6. 3% (2=3) using this method.
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FOBREVE R EAT AR IROAR A 2 30 . SE PR AR AR AT
SR L0 STk EE Ol 87 Bq, T Csi Bl 680 B
2.1.1 FERREMESE TEAFRREFMT .5
3T 0.1 mol/L 5&f#-0. 05 mol/L #pjE-1F ¥
P 0T fe 0% W T 0 S T Cs I 2R ISR 25 R OR T
Bl 1, @& 1 AT FERS ER A BT b, T Cs 2 U B
FERR FE Ry 2~5 mol/L, 1™ Sr&& B o5 A R By
RTEET 4 mol/L, 78 J5 £E 52 5 v %k £% fiFf 1R 1R J&
% 4.5 mol/L.
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Fig. 1

ether-calixarene crown ether extraction
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Fig. 2 Effect on extraction rate of *Sr, ' Cs because

of concentration of calixarene crown ether
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Fig. 3 Effect on extraction rate of **Sr, "*’Cs because

of concentration of crown ether
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Eo AR SEXS Nd | La, Pr # 450 & JL-F A ZEHC B
MIEA AP L IC R o H e BE-AR - 1E o B
A 1T R AR WIEA 45t xF itk 8 T Bk fE
FEWR Ce.Sm Eu Nd. Y I8 & b5 #EE W F 17 T
WA . R JHARAE v GBI (LI 5E A2 AR K AH
PUEu, 4 060 BE R E A AR K A Ce, Sm, Eu,
Nd. Y, DA 5 e k- et - 1F 3 B2 15 25 IO 0T
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Table 1

Effect of crown ether-calixarene crown

ether extraction on "°Eu

¥4 AP EW my /Bq Wi e E (D Aw /Bq
1 34. 00 150 34.09
2 160 36. 36
3 148 33. 64

T 2P 106 keV y S 24528150 Eupt F7AIE AE ik U
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Ce.Sm.Eu,Nd.Y o & . i F 17 ## £ oo K Wfk2#
PE AT , 5K 0.3 mol/L 5 fi-0. 050 mol/L #f
- 1E~E FEAN AR + 0 K .

2 EEE-PRE-IE SF B B RE 1) 520
Table 2 Effect of crown ether-calixarene crown

ether extraction on RE

=2 m(RE) sy /g Wk B m(RE) s /g
1 5. 00 0.137 4. 85
2 0.143 5.09
3 0. 140 4.96

2.2 TOPO ZEEX# T8930

TOPO A Z 5 2 U, Th, Pu. ifif % i 4 2% B
RS RTHF R e F AR fk . SCk[11]
WIR S FEAS ] 1 28 BURR B 2% 1 7 » TOPO-3F & b
ALY B + 0% Se. Y. Ce . Eu,Gd, Th,U.,Yb
%, 1€ 1~8 mol/L fiffR 1k &, TOPO 1] DL #
I A ER S . A& TOPO ZE A + 70 R 19 R &
BT AR A B WA T IR B S0, H R FE T AR A
B FOAR B IR B 4518, TOPO Xt s + 0 K R 4%
W, AR 25 B B P UCEAT I E 45 2R 51 T3k 3.

# 3 TOPO Z R FE 15
Table 3 Effect of acidity on TOPO extraction

5 FEPARRBRIE/(mol « L™1) A670 nm
1 ANFERC H AR E 0.239 0. 239
2 1 0. 220 0.219
3 2 0.243 0.238
4 3 0.223 0. 229
5 3. 88 0.190 0.189

H1 3% 3 AL 7E 1~ 3 mol/L fif B2 46 LA &
t AR EVE MR &5 TOPO-34 O 4 %5 BUS 19 W6 BE
EARG F UG WG B 22 25 58/ Ry i e 2
R—F, TOPO ZEBUAS 52 W # + 50 F 1 2 5t I
JE . ERE TOPO ZEHUR B 2 mol /L,
2.3 SORAEENEZHFHIEE
2.3.1 it mBRERE 0 E RS
RS Ty in N I R i s i L S T R R T
B YRR IR WO FR B AE 25 5 T 51 ) — 3%
EVEHE N AR TR A TR R R A 225K
R 38 AW A JC 3R BTG F AR TV T
s T B DG B 0 2 R ) B A PR AE A B

5. AR ] B T © SR SRR
H i TR AR T TR A R AR ME AT i 2R
1E ;@ BFFE 508 S 45 1 1 45 i 1 00 2 WO
AHIE  BEAR R B AN oo R AR i 2R 22 . 45
O] EE A A N . SCERBF ST 3 RS
B e R W 45 R OC R M EL I OC R i A T
VELE BRI 45 BF 52 i JE b L, 30 ok 38 i oK ) 2
— M LOCR LI B T VR LA E W L
Kk i ER LR Ce.Nd.Sm . Eu.Y A 17T
O BE A Y b OG 2R L O DA R B S8R T
o R R AR T R BB A T R R AT

A ARUMER W LR

Table 4 Composition of standard RE solution

JLR w/ % JLHE w/%
Ce 23.3 Eu 0. 35
Nd 39. 8 Y 5.70
Sm 8. 16

2.3.2 EAEWKEEKMEE P Ce.Nd,Sm,
Eu.Y Tk Fii + 70 5 AF Ry A0 3R 3 A7 I K i 45 5
B s DA A R 1 AR A W' B8 R DN AR A 22 1 W I
PeRHh 2 450 T 4. I 4 w0, TR+
J6Z Ce.Sm.Eu.Nd.Y ¥ 7 665~675 nm I3 [H
WA fi KW, 5 22 S 56 v DL 670 nm AR ) i £
JTCEMERB I . £ 670 nm 4P & %5 1 JC
RO T4 £ 00 K B RO R B 25
RI|THRS, BERS ATHLERENRAKMAET,
Y JCE TR SO BE R IO R R MR
% . {HAR[F BT & R o0 R 0 OG B AR — B,
WG s 1 TC 2R Z 1) ) B4 A 1 Jo 1 B 8k 22 S G
g ME i 1 4 B 5 R 4 4 46 La . Ce Pr.Nd,
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Fig. 4 Absorbance-wavelength curves

Eu
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Table 5 Molar absorption coefficient(¢) of RE
JLH A670 nm m/pg ARXT JE T B ¢/Cumol « L™1) ¢/(Lemol ! «cem™ )
Nd 0.533 20 144. 2 5.55 9.61X10*
Ce 0. 470 20 140. 1 5.71 8.23X10*
Sm 0. 460 20 150. 4 5.32 8.65X10*
Y 0.481 20 88.9 9. 00 5.35X10
Eu 0.510 20 152. 0 5.26 9.69X10*

Pm  Sm; i ML BY #5141, 48 Eu, Gd,
Tb.Dy; 5 b % 5 09 52 41 B 5 # + 41 2 55 Ho.
Er.Tm.Yb.Lu.Y.Sc, thFZAE™=Y 1+
JLZEZFEA La.Ce.Pr.Nd.Pm.Sm.Eu.Gd.Y,
H La.Ce.Pr. Nd 5 5 + & & 80% LA b, BRI &
TP R e A T o R BB B K T Ce U2
BWrocRPhmRERITER, B ER TR R
Ll 26 52 56 2o 8 R e R R S G 1) 3 R Ao R
Ce.Sm.Eu,Nd.Y #5530 i Ly fk 2= P, ik
Ja S AUR A Ce FRUESEAT 5 2257 W SRR S5 50 .

2.3.3  0.05% (i f 0 30, F [FD & A B mA
MEEE WA mA AR 8 am. =
M CHEE, LW #ET T 0. 05 %0 {2 5 ¥
mA SR, LR A R s T’ 5. mE 5 AL,
FED AR RN 0. 05 20 {20 S mA [y in AR TR
9 3.0~5.0 mL B, WO BE I8 B i KIF A il
HEPE 0. 05 Vo M A S mA N A &R 4.0 mL,

0.3001

0.200F

Wl

0.100f

0000 1 1 1 1 1 J
0.0 1.0 2.0 3.0 4.0 5.0 6.0

A8 S S0 BmA I A A B/ mL

Bl S R SBE mA X G BE Y 52 e

Fig. 5 Influence of amount of chlorophosponazo-mA

on absorbance
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Y U B R ARG IE AT A Y IR R L A
[) S50 ) Y R B T R A WOEE — 2.

SCERC11 A A5%, KCL 5 B AR vl S0l Y i) £,
17T 7 Rl R IR 2 o7 PR 3¢ 2 1 i) AR AR I SR
RG] Y 0 8, IR AT T RS, 308
iR T 6. R 6 B, 10 %0 FEER B A A
A 1.0~3.0 mL WX 10 pg Ce WY WG B 1 52
Wi AJ 2200 AN 3 T 60 Y 0 W BE Y S e ) AR S
LY WO B B A R R A R SRR AR
M4 10%EM AR K 1.5~2.5 mL i, 10 pg
Y GRS 10 pg Ce ARG BE A — 30, K
JEMI2ZE/NTF 0. 03, 7] 20 AT, SR 10 %0 5 IR
FIMA RN 2.0 mL,

0.350

0.300F

0.250F
#0.200F
RE|

N
= 0.150F
0.100}
0.050f

0.000 t ! : !
0.0 1.0 2.0 3.0 4.0

RERZ NN AR B/ mL
M 10,2 Y. 10 ug Ce
B 6 1006 5 R FH Akl W' B2 £ 5%

Fig. 6 Influence of amount

of 10% oxalic acid on absorbance
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I RRZEE P P TH WOl R IR g
(£ 6) . ML & & Wb AT BB Y F 22 BB . LU
J3% 6 A e E O ht . B s 0K VR BH R vk
JEE AR AR HL AT AT RE X F - T0 R I 5 AR R Y
B (Fe*T VAP (K" . Na™,Ca*" ., Mg*" . Sr*" |
Cs' M UOF AT THLE, I 245 /I TR 7.
B2 7 AT FE BT R 43 06 e 25 F T il ke 45 el
BE-FR 56 LA S TOPO A HRUS - H A 42 K AH Hh ok 4
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Table 6 Allowed my., of interference ion'"!
®F BR AR/ mg HF IR feir it/ mg
Ca?* 0.02 Ni?* 0.5
Mg?* 0.5 Zn2t 0.5
Fe?™ 20.0 Crit 0.1
AT 0. 05 A\%AR 0.1
Cu?t 0.1 \AR 0.1
Mn?* 0.5 Mo+ 1

xT THETER

Table 7 Interference ion experiments

THEF (M m(M) /g A670 nm

- - 0. 249 0. 249
Fed! 50 0. 251 0. 256
ALY 50 0. 266 0. 260
Mg?" 50 0. 250 0. 260
K* 50 0. 257 0. 250
Na* 50 0. 255 0. 259
Ca? 50 0. 255 0. 262
Szt 50 0. 254 0. 249
Cs? 50 0. 255 0. 252
vos” 104 0.248 0. 258

F:m(Ce) =10 pne

2.3.6 PRUETAREIZ  MIEER 4 BCHTR S e
W 2 b e AR 2 R R TR 7. K7
AR OGRS L OCR B R AR R R LR AETT
MR y=0.024 62—0.017 7,r*=0.996 7, H - y
NWICSE o Jy B 25 mL B L TR .

0.400
=0.024 6x-0.017 7
1°=0.996 7
0.300}
Y
320.200}
0.100F
0.000 1 1 1 J
0 5 10 15 20

25 mLM b i i/ g

B 7 oo E b ot £k
Fig. 7 Standard curve line of Re

2.4 BEmlESE
HRAE LA b 26 P S2 56 L B 5 v TR P A £

I E AL BN - A W m UK R 0. 2 mL im A
4.5 mol/L iR & 2. 0 mL, /il A 2. 0 mL 0. 3 mol/L
SEE k-0, 050 mol/ L AR5 - 1F 2= B V5 W » 2 HCG K, BX
1.0 mL 7KAH, JH 0. 4 mol/L f4E&#: # = 10. 0 mL,
FRI, BB 0.5 mL FEAE & A 0. 25 mL =
3026 WA IK  #82, JA 0.5 mL 8.0 mol/L 4R,
J7K % 2.0 mL, i A 2.0 mL 0. 05 mol/L TOPO-
WO 2 0, A LA AR 2. 0 mol/ L il iR Bk % —
WA KM A 25 mL B8 55, Ak o A
0.5 mL 2 mol/LE R .3. 0 mL 0. 05 % {H & S mA.
2.0 mL 1025 /R 1 i AUE K K ER . 1 em
Fe 0L, 75 670 nm 200 WO BE  FEAR I £k Hh 2
R PR LR TR RS AR

3 HEmillE

3.1 BUEHERTHELEE

e 0.5 mL BEADLEG B AR A 6 7 T 5 mL
AU Hp L 4 IR S0 05 05 R AT L I RE AR UL R K
YRR AU e R I R P et 0 R G ) B A ek R
12. 629 mg/ 1) s b B, ME 45 R 51 T4 8.9,

8 BUHLE WU A 10 E 4
Table 8 Results and precision of RE
of simulated HLLW

- pCRE£)/ AIRRRME RS
(mge LD W%E/% /Y
1 0.190 14.02 2.3 12. 3

2 0.193 14. 24
3 0. 189 13.94
4 0.192 14.17
5 0. 201 14. 85
6 0.194 14. 32
(14.25)

A A AR SOk )

#9 EMEER

Table 9 Recovery experiments

mpg (i 1)/ myg (B 1D/ mp+i B 1D/ Ewhn
=2

ng ng ng [/ %
1 7.125 5.0 11.72 94. 3
2 7.125 2.5 9. 37 89.9
3 7.125 10.0 16. 89 97. 7

HIE 8.3 9 AT A L oR g I ¥ N0 7 A 4L e ik
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VR PP R A BRI R 22 R 2. 306 (n=6) , 4l
X 22 A 12. 3% T i [l e 3 89. 996 ~97. 7%,
F AL e RO R i T R AR T L S R ME T R
AR T L AN — B, HEORH T i 22 i K
3.2 EXEHERPHNHLERE

X L SE R O VR TR B A T R R E AT
FE DN A2 45 AR 5 T 310, 0 5 A X AR E DR 25 R
6.3% (n=3),

10 B HUR W A LI 2
Table 10  Results and precision of RE of HLLW
REABL/mL oD /(g e L7Y MR 22/ %6
0. 20 2.71 6.3
0. 20 2.48
0. 20 2.40
(2.53)

R A A RN

4 4 g

(1) #7185 BOE W A o0 R AR E 1Y
G AT T

(2) 2R JHT UM J7 12000 7 55 400 v T30 TR v A 1
S KN ARHE R 2E R 2. 3% (n="6) , T il 5] i %
h 89,900 ~97. 7% s FLEL = WUE W A o0 R
o O R 6 R R 22k 6. 300 (n=3)

5% 3 H
(1] whE R, SRR 4 SCHE. DHDECMP-TBP/J i 4

(2]

(3]

(4]

(5]
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[7]
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(10]

[11]
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B H AR ,2003,35(3) ;242-245.

TRAR, BE B SR A A AT E AW iy
ML) FEFReR S H A 1992,26(6) :54-59.

TREEE . E R 4T PATV ZEHB IS (0 2 4 5 -
ICP-MS 3 i 5 v % Wb i i e LI . /& 1
2000(4) :13-15.

B B IR AR AR OG0 s R W AR
SR T RERE 4 AR .1992,26(2) 141-47.
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[ % o W B A B A 9 B )RS GB/T 6730, 24-2006
BRA AR T R I e FE U B A A mA 4y
JeE R ST bt « v B [ 0% U H A 2006.
LRI . AR mA 5t R R
8 5 I 1 B 43 ook Bk g L) . #& 1, 2002,
23(4) ;67-68.

e T I A R Bl S e T A O D e RO T
PR AR . 3R O3 18 5 6o W[ 2] ) A 2K
L. b SO, 1994,16 (1) :18-22.
RIBESC. (2N A HO RL4105 F8-768-6 MU 00 i3 ik
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