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Abstract: Due to the strong radioactivity, high toxicity and complex composition of high
level liquid waste (HLLW), it is a worldwide problem to separate cesium from HLLW. For
many years, scientists all over the world have been exploring methods to separate cesium
from HLLW, in an effort to find a suitable separation technology of cesium for industrial
applications, to solve the problem of cesium separation from HLLW. On the one hand,
China’s existing defense HLLW with high concentration, high salt content and strong radio-
activity needs to be properly treated and disposed to avoid the long-term storage risk. On the
other hand, with the rapid development of nuclear power and the industrialization of com-
mercial spent fuel reprocessing in China, the treatment and disposal of HLLW has become
increasingly prominent. To meet these requirements, Chinese scientists finished a lot of
research work on the separation of cesium from HLLW and obtained a series of achieve-
ments. In recent decades, ion-exchange, extraction chromatography and solvent extraction
were mainly applied to separate cesium from HLLW in China. Ion-exchange technology

based potassium titanium hexacyanoferrate and solvent extraction method based calixcrown
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were developed successively and tested in hot test and pilot facility. The technology of calix-

crown extraction cesium (CCEC) from HLLW not only meets the requirement of industrial

application, but also is in the forefront of the world.
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Table 1 Classification of radioactive waste**’
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Table 2 Separation requirement of " Cs in HLLW
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B#E — —— ——
ST BAT A 7 HE v UK By 77 M v R
B7Cs =100 >3 000
90 Sr =100 >3 000
B« =380 =>10°
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99. 75 Y6 Al BRI 80 6 £2 5 1 1R B W 5 I 4 F K AL 0. 13 g

B p=2 g/cm®
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T 2. 27 FEARFR /b BT e O OB R A
R, S8 RS 7 100 h 247 S2 B 45 s TR 1,
AL ARG 2R B RN 0. 100, Hag i 25
oA 0.2 mmol/g, 1% %F i 0, 58 e 5 1t
0. 46 mmol/g, i fe 5 ZF B F N 44. 4 Vo), HAg e
Zik# 1. 06 mmol/g, FSLEEIEM, WAL
RN TCAIL B 2 4 ) g EL AR ARG 1) 28 4 P e R AT
BRVEPERE . O 1R DR 8 PR AE R S 1k AR A A
AT ROHERR BT oR F T A2 R B - 2 4 f A gl
PRICHILAC 8 77 iy 26 B 48 1 2 B8 2l R X C R 5 42
IR AT TR B e . SR A R R BN
8.2 LIGHLES F ok, Cs MZEB R R 120 A
90 VoI, 22 7 Xt Cs™ 11 249 2 25 38 25 1 43 )
" Lk 3] 0. 45 mmol/g A1 1. 1 mmol/g. &%k DA
MR Y L N TS R s ML A Y SR e
55 B Wk WAL SR X Cs B KA 1 bk 4R
PERE AL R S e 5 i . A WAk AR R A 1) T
FEMAT T B 58 AR (H b 288 58 48 ) 47 7E DA



30

A ED & TR S

I TR R R Y JC AL T S B AR S IR
HE 5 125 $8 590 1 I8 77 ok R o I B AR o A T
Jii) B 18 U TE A SR CHINE IR £ S 12 £h 25D
FEAERI O T A R AR . O IZ TGS
TSGR E [E A R 0k AT T AR A R R R
S 56 2 MU A S B R AL BB TCHIL B S A
1o R A A BRI i A RS R AR B
PRICHLES 25 Tl B v 2R T ORI ZLAY Ak
SR AR L 1 T R B A I B
TR b AL, die 2845 1k 1 SR I R R AL B BT N i
TR R 25 B3 A 9 AT 5 L A

1.2¢
—ug].()'

° L
2 0.8

50.6-

S~
iz
% 0.4r

&
202

0.0

0.01 0.1 10 100

1
IR %

B R BR AT 2 BR 4 P 5

Fig. 1 Hot test of potassium titanium hexacyanoferrate
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Fig. 2 Structure of calixcrown
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Fig. 3 Synthesis route of calixcrown
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Table 3 Distribution ratios of cesium by BPC6 in different diluents
ARG R BE T 19 43 e L (D)
T A i
0.1mol/L. 0.5 mol/L. 1.0 mol/L 2.0 mol/L. 4.0 mol/L
2% 2.4X107%  1.4X107%  2.7X1071  1.4X107%  3.3X107% c(H*) =4 mol/L H JTIEN i
S 2.5X1070  1.0X1071  4.4X1071 3.0X107%  3.7X1073 c(H*) =4 mol/L £ JTIENT il
PN 0. 07 0. 20 0.27 0.92 0.93 c(H*)>2 mol/L #41k
A 0.43 0.52 1.2 3.1 3.9 ¥ RERK
A 0.07 0.16 0.25 0. 46 0. 90 TR MEKR
S 1.9 3.2 4.5 5.6 6.3 axich e
1F 2 i 0.55 1.0 1.8 3.3 4.0 ik
o - 19.9 34.9 11. 2 5.4 c¢(H™)>>2 mol/L W} % /N F 7K AH
O 1.3 2.7 5.2 9.4 10.1 c(HY) =4 mol/L /KiE MR K
MIBK 0. 14 0. 46 1.0 4.1 5.8 I3 ARIF
LR T ER 6.5X10% 0.03 0. 10 0. 45 2.4 -
TBP 0.07 0.11 0. 38 0.75 2.3 -
Nags 4.6X107%  6.8X1073 0.08 0.18 1.6 c(H") =4 mol/L #m41k
Ak 0. 089 0. 28 0. 44 1.5 2.4 c(H")>2 mol/L ¥ i1k
il e 2 T ik 13.1 32.3 35.2 22.0 5.1 Y ST )
20% (IRBLEL , F IR 0. 66 1.8 2.9 4.3 6.1 axickss
Z I/ E B
30% TBP/ IF ¥ i 0.24 0. 55 0. 96 1.8 3.3 -
30 % TBP/ 4l 8.8x107* 0.01 0.32 0.12 0.55 -
30 % TRPO/ B3 1.3X10°° 0.01 0. 04 0.18 1.0 -
2%PEG400/ IE ¥ i 0. 60 1.25 1.87 2. 99 4.3 -
5% PEG1000/ IF ¥ i 0.59 1.32 1. 86 3. 54 4.3 -

TE /KA ¢(Cs™)=5X10"7 mol/L A A i FR ¢ B 4 905 5 HLAH A 0. 01 mol/L #) BPC6 ¥ AL 1+ 1. AEHR A 25 C

FIER 437 Gy/min) i 0~6X10° Gy I, 8198 T 2
I 2 (0. 025 mol/L BPC6-1E 3 i) i 45 1R fa &
PR WFFEERMT A WOR & /N T 10° Gy 180T .
BPC6 #& it & /NT 1%, %F 0. 025 mol/L BPB6-iF
o 2 A JCHGE A 119 2 26 5% W 95 /D 3R BT I 2% TR
FEA B 0 R RS E VR T DLW L R R W
T A PR X A IR R e R R R
PRI iH DA B 501 1 B A D5 s e Ik ) A BRI Sz A6
AE i HRRS A PE DA R Tl S B o, FH 46 7 1T 2% 1 i
K BEHL0. 025 mol/L BPC6/ 1F ¥ B ¥ W A1 g 25 L
A HLAH

2.2.3 BPC6-IFE i 26 BUAs T 20 M o ik Fn 2
B UE R A A 7 HE O R R RIR D e e Tk A
IR R ST T A 5 K e Mok A B4 43 TG P ABE R
Py liee 2 i s VAR 3 E R <IN I s o /T =
MU R T2 6. Bt 5,
N7 T BPC6-1E 3 B A 5 R W 43 B A 1 1.8
TR IFAE OB B0 A A B 4 B TR S e

# 4 BPC6-1E 2 BE Xt — S8 8 1 1Y 3K Bk Ak
Table 4 Extraction performance

of cesium by BPC6/n-octanol

B o/(g+L™H W (D) B A (0
Al 4. 64 6.3Xx10"* 1.2X10*
Crit 0.57 7.0X10* 1.1X 10!
Fe?™ 5.41 7.9X10¢ 9.5X103
K+ 0.12 0.27 27.8
La®™ 0.16 4.0X10~* 1. 9% 10*

Mo, OF 0.32 0.11 68. 2
Na' 10.9 9.5X1073 7.9X10?
Nd?* 0.83 9.4X10"* 7.9X10°
Nizt 1. 85 1.4X103 5.3X10°
Prét 0.13 <1.0X107° >1.0X10°
Srz+ 0. 20 5.1x1073 1.5X10°
Cs* 0.85 7.5

KA N L L B 7 AR R ¢ (HNO3) = 1. 0 mol/Ls 47
HLAA Ry 0. 05 mol/L BPC6-1E¢E®E; A EL 1+ 1, 28R EE25 C
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Fig. 4 Effect of pH on distribution ratio(D)

of cesium by BPC6 extraction

0.025 mol/ L # J5 J ek - 1 == it

’ DCH18C-6¥i 2 %6 5% i

’ 0.01 mol/L HNO, ‘ pH=3

T
S

Bl 5 BPC6 M UK K P ZE WA 8 Cs e /n 28
Fig.5 Flow sheet of partitioning cesium from HLLW by BPC6
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Table 5 Comparison of partitioning cesium by calixcrown in some countries of the world
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