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Extraction of *’Cs From High Level Liquid Waste
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Abstract: The treatment and disposal of high level liquid waste (HLLW) is an important
factor affecting the sustainable development of nuclear energy. The extraction separation of
high-heat-release nuclide " Cs from HLLW is not only beneficial to the safe disposal of
HLLW, but also meeting the needs of ""Cs in many industry fields. In this work, the
extraction process for " Cs from HLLW was proposed with calixcrown as extractant. The
process was tested with simulated and real HLLW with a recovery percentage of 99. 9% for
Cs(TI) and 99.95% for ' Cs, respectively. The results show that the proposed process for
Sr extraction has a bright future in the treatment of commercial HLLW and the recovery of
"¥7Cs in China.
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Fig. 1 Structure for CalixEH
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Fig. 2 Process flowsheet for '*" Cs extraction
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separation from genuine HLLW
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0.05 mol/L HNO, HR#H| . JF i Tl HLLW
MRS E . SR BT 12 PR 4 Kk
W16 B FE ., BARTE A TR 1, AKP
RS T CsCLOMATBL N 6~7, ZHUH TR
99. 9%, R A FIK 99%,
FETRIS I 25 L, PR T 10 L H5¢ HLLW
T Cs I A TR PR LR, LT 15 HFE AL

L P 16 JRAE, BAR T S8 F%£ 2, &
T 1 R B EAG PR He 22 i R
VRV BNKAH BRI TR IEA Cs 7= il & it
1.3 LEE

FEW o B BBk OB A IR A T
A O R kAR . b 10 mL 16 KR A
R 2 AT CsCIFER LR, IREHE
WAL R (2L 10 mL D R FE 3. WE 3 fr
N 25 AR FE R T N R A AR — R A ER

F 1 ORHERR T LM

Table 1 Stage test parameters for Cs( | ) extraction separation from simulated HLLW
ETRE LR 2H 1 A/ (mL « min~ 1) F LA/ 7K A AH H
AF HLLW 3.0 mol/L. HNO; 1.0 1
AX 5 B 0.1 mol/L CalixEH+1. 2 mol/L. TBP/OK 1.0 1
AS Ve 2.0 mol/LL. HNO; 0.1 0.1
BX JCHEF 0. 05 mol/L. HNOj 1.0 1
22 M HLLW FZRAEY Cs TERBESH
Table 2 Process parameters for ¥/ Cs extraction separation from HLLW
95 Wi 2H 1%, LERSRTN s
AF HLLW 4.0 mol/L. HNOj3 1
AX FEIUH) 0. 06 mol/L. CalixEH-+1. 5 mol/L. TBP/OK 1
AS PEUH 3.0 mol/L HNO; 0.1
AW IR 2.93 mol/L HNO; 1.1
BF A HLAR 0. 06 mol/L CalixEH+1. 5 mol/L. TBP/OK 1
BX R ZEF| 0. 001 mol/L. HNO; 0.5
BP Cs 7=/ 1. 53 mol/L. HNO; 0.5
BW B HLIE R 0. 06 mol/L CalixEH4+1. 5 mol/L TBP/OK 1
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471.00
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Fig. 3 10 mL 16-stage mixer-settler extractor
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Table 3 Composition of HLLW

2 W 2 e EE
U 1.09 me/L Pd 0.172 mg/L
Pu 1. 44 mg/L 90Sr 2.79X10" Bq/L
Np 0.03 mg/L 137 Cs 5.08X 10" Bq/L
HNO; 4.0 mol/L 21 Am 1.49X10° Bq/L
Zr 0.012 mg/L B Ey 6.33X10% Bq/L
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Fig. 4 Evolution of nitric acid concentration

at instantaneous outlet samples
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Table 4 Average nitric acid concentrations

at aqueous outlets

R ¢(HNO3)/(mol « L™ 1)
BP (7 i 8D 1.53
AW GERR O 2.93
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Fig.5 Evolution of " Cs radioactivity concentration

at instantaneous outlet samples
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B2 5.6 Bl vl LLE T CsTE 7 i il s
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Table 5 Radioactivity concentration

of ®"Cs at outlet samples

W C(¥7Cs)/(Bg+ L1
BP(= & 80D 1. 02X 10"
AW (ZEFRHO 2.29X108
BW (7 45 HLAD 9.17 X107
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Table 6 Extraction percentage, stripping percentage and material balance for '*"Cs

TR H A % )
[ REEH/) % IR/ % A+ B iP5/ %
IR JEA LA
137 Cs 0.02 0. 05 99. 98 99. 95 100. 46
. 9644-9654.
3 % 1@

M HLLW H2r B HC CsC T X il % 9 1)
WA B BRI sR S PR R BB E L, H WA
TEEJLHAETF R T 280 HLLW 43 g5 40 3 J5 75
8. W ZE WO EAE HLLW i CsC )45 8T
R0 B R IO H S T EHE AR . A A
PR e e Tt A 25 BRI ) A S G 5 AR IR A
M 10 L ES: HLLW Hrar g 42 0 Cs, S 3 &
SRR IZ T 60 h, Y CsHEBURIL F] 99. 95%
SRR F] 99. 98 % . A 4 i U AR A Ak B, A I
T HLLW [ v i K S R 2% f 4 35 ik 9
1R B RE L B AR T R IR I S ek AE B 4y
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