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Abstract: By using a column elution method, potassium copper ferrocyanide(Cu-PBA) was

in situ loaded on silicon bead(Si0O,) column packing, thereby yielding a SiO,/Cu-PBA fixed
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bed column. The characterizations of SiO,/Cu-PBA by SEM-EDS, FTIR, XRD and N,
adsorption-desorption isotherm techniques confirms the successful loading of Cu-PBA on
SiO,. In batch experiments, it is found that the maximum adsorption capacity of SiO,/Cu-
PBA for Cs™ is around 4.0 mg/g., and it needs 30 min to reach equilibrium adsorption.
Then, the adsorpion behavior of Cs™ by the SiO,/Cu-PBA fixed bed was systematically stud-
ied, including the impacts of various operating parameters such as bed depth, bed diameter,
flow rate, and influent Cs™ concentration. In the optimized fixed bed system, the adsorption
behaviors of Cs™ and coexisting metal ions(K™, Na™, Ca’", and Mg*") by SiO,/Cu-PBA
and cation-exchanged resin were compared in both simulated groundwater and seawater. The
efficient and highly selective removal of Cs™ by SiQ,/Cu-PBA is addressed as well as the
inefficiency of cation-exchanged resin in simulated seawater. Therefore, the SiO,/Cu-PBA
composite will have great application prospects in the continuous removal of Cs™ from
various Cs "’ -contaminated environmental water media.

Key words: potassium copper ferrocyanide; Cs™ ; dynamic adsorption; simulated groundwa-

ter; simulated seawater
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80. 570 » 5% i W BT 5T i VR BE A R TAERER . A
FiHEM AT S H T R E T A5 B Y W R AR AE
SR TR, =RKFEMEICS B4
KZRE r* BHE 0.98 LA b, HA LT 15 3l A 40 1
W B 25 o 5 S PR S AR T . X UL AT S iy
FERE AL 4F b 4 & SiO, /Cu-PBA 3l 25 W Bt /K
Cs' iFe.

F1 BRI R K R ALK b Cs ™ MR 25 il 2k A0 4T S R D5 2 80

Table 1

Fitting parameters of Thomas model

for Cs™ breakthrough curves of simulated groundwater and simulated seawater

ke o/ Q/ Kru/ Qexp/ a0/ E/% 2
(mmol « L™  (mL * min™ ") (mL+*mg ! *min 1) (mgeg 1) (mgeg )
[EDS PN 0.1 4 25.13%1.12 2.35 2.3020. 08 74 0. 986
0.2 4 22.40+1. 33 2. 88 2.7840.01 84 0.997
0.3 4 14.3941. 27 3.32 2.924-0. 03 73 0. 991
AL 7K 0.2 4 11.384-0. 58 2.53 2.4340.02 70 0. 995

2) SiO, /Cu-PBA i Bk il PH B 58 e B i [
FERALHE T Cs ™ BN ML N /K MERE A AT He

D S E TN S S 7 O A A Tl
AL Oy FITE M Xt Cs™ RBR IR A TR —
X T SI0, /Cu-PBA 55 5 2 1 BH 2 58 e
JIE [ 5 R W BfE Cs ™ S St A7 ok 4 s i 1 4 a8 BH 25
T(K" \Na" .Mg*" Fll Ca®" )17 Ay » i ik BR W Bt
YER X B4 A7 798 [ IR R G #4E
SRR E 3.4 emL, HENAR 1.0 em, gEJK Cs™
W E 0.1 mmol/L, #E/K i # 4 mL/min, 52 5 ffF

HEERE TEEIMLZE TE 6, WA 6
JIF 7 o B BRI € R B9 R0 K Na™ ¥k 52 35 3
PEIK Y 2 A% 2 4 T Ji T3 R 2 PR K R L H
TREER M £ 4 F2 b A9 Na© 5% B . b Sh . 6 Bk [
SERX Cs" R HAb L A7 53 I 8 T A R &
£ 4 )8 B LT R B RO 3R B 24 100 %0 5F i .
x5 4t 2 B S 36 b Rk BRO Cs Y 555 VR RS B
LEROpIAR

Si0, /Cu-PBA [& % IR W% [ 45 s F K 6(b)
Wik 6(h) s - B Z Rk Cs™ 1A S B Ca®
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Fig. 6 Adsorption behavior of Na™, K*, Mg*",

Ca®" and Cs' by SiO, (a), SiO,/Cu-PBA(b)

and cation-exchanged resin(c) fixed beds

in simulated groundwater

M Mg™™ 7 1R /b 1 W B 5 5k BI040 R A,
W O 20 o5 2R 25 s Na ™ BLIE SR8 42 /i 45 W
FITE]TC ALY A BAE L 3X 5 Cu-PBA fi s 45 1 A
REARLFVCHL Na' #8244 60 5 ik K vk B A8 4k
FHUPE A2 2% 30 HE 7K K e B R K e 3
UE 9.6 fiF. A AN KT RN B A BRI —
Cu-PBA i 83 8 v R 3 U T4 K, [Fe(CN) |
R IR RiE Tk, 3§ Cu-PBA Z54g
PR F/Cs™ 284 ok i KT, Bl Cu-PBA 1%
Bt Cs™ MBS T8 B LB . Bl % [ 5 IR & 3
Cs™ 10 A0 BF o K o 32 o o alF K VR B2 . 1%

T35 ST FEUCHE 52 Si0, /Cu-PBA [ 5 K B A
HEPEME L AR BB T K Cs ™ g

R R [ e RS2 g 45 R T 6(o) . I 6(0)
AL B Na®™ 4h, K™ (Cs™ [ Ca™" \Mg*" ¥4 55 if
MOREA R BETH 3] S RIZEEIh &k . HARAHran T,
K Na i B2 R 48 & 38 B K 1 2. 6 4%,
T PR F 2 - 38 He s B 5 S A B g e B F- (Na " ) Y
FaE B, K AT HEK MR 5. 8 0 A2 4T 1Y) Ca
MYy 8. 401 Mg™ FasE sk /1 . R g b 7t 2
A I S 4EFE Ca® /Mg® " Bl 25 W Bt ~F- £l B %
BB B 7 VR 55, Ca™ Ml Mg® A fg 5%
SV IR 4 SCHRL 16 1R i g X Ca® 25 i g 5
F Mg*" X 5A TAES R —8. #F— i34
S IR S A2 H 25 1 4 2. 967 mmol, ] 350 mL
HARKPEARM K Cs™ . Ca" Mg B4 &R
1. 509 mmol, #f§ FHEAK F W PR scH i B H .
K KA 1% H . Cs™ e BE B TH s . 3] 52 5 4%
FIRF 11 7% 0] WAZ A BE A X Cs™ 25 A ) 7 55
F K WA SRR BB SNIN Na© 5
WERFF T RE g KL Cs™  Mg™" Fl Ca™" 24 5 54l
REAR AT W) G o € 0 18 i 1 o DR X 45 4 J 25 F K4
AR R R B

3) Si0,/Cu-PBA 1 FH 2§ F 38 #e iy [ 2 IR
TEREALIE K P XF Cs™ W AT A % FE

S BRI [ R AR R KA R
& Cs' W2 Fh 4 )8 B F R AR Bk L Bk i — 2
T SI0, /Cu-PBA FA i [ 2 PR AE R 43 57 55 ) A5
KA BT Cs™ BB AT R . [ IR ERAE S
IR 2.3 55 2) 75 AN KA N5 A 0. 2 mmol/L
Cs" WL, LI 25 o T/ 7. 1 SiO,/Cu-
PBA [l K (B 7(a)) 1, B B Na™ , Mg?"™ Hll
Ca® LWFMRE.Cs i SWEEML. BRF
75 A TR 0 R R O A R 22 A b T K A T 4
AP NG oy R AR AR 4 b B A
Cs WEM 2B M 26 (2 =0.995) . L& S 509 T
1, LTS Cs™ BRI EE 7020, 40 A1 it
AN 2.53 mg/ g, SUA 15 B 1 AT B 2 D
2.43 mg/g, XELERFM MG 35 T Cu-PBA X
Cs™ [y 155 556 R 7 Rtk Bk VR Ay JEORE 2814 19 48 5
PERE , SIO, /Cu-PBA [& % JK 7E i #h 43 ¥ K A 5T
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Fig. 7 Adsorption behavior of Cs™,

Na®, K7, Mg®", and Ca®*" by SiO,/Cu-PBA(a) and

cation-exchanged resin(b) fixed beds in simulated seawater
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