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Research on sorption mechanism of radionuclides by manufactured nanomaterials

DU Yi'2, WANG Jian?, WANG Hong—qing', XTA Liang—shu', WANG Xiang-ke'*"

(1.College of Chemistry and Chemical Engineering, University of South China, Hengyang 421001, China; 2.School of Environment and Chem—
ical Engineering, North China Electric Power University, Beijing 102206, China )

Abstract ; Manufactured nanomaterials have attracted multidisciplinary interest because of their special unique microstructures and excep—
tional physicochemical properties. The nanomaterials have been applied in many areas such as aerospace, medical radiology, construction,
agriculture and environmental pollution remediation, especially in radioactive waste management. This review summarizes the manufactured
nanomaterials and their applications in the efficient removal of radionuclides[such as U( VI ), Eu( Il ), Co( I )] from wastewater, and the
main interaction mechanism are discussed from the results of kinetics analysis, thermodynamic analysis, spectroscopic techniques, surface
complexation models and theoretical calculations. The high sorption of radionuclides on nanomaterials is mainly attributed to the high sur—
face area and large amount of oxygen—containing functional groups, which can form strong surface complexes with radionuclides on solid
particles. The sorption is mainly attributed to outer—sphere surface complexation at low pH, and dominated by inner—sphere surface com—
plexation or (co)precipitation at high pH, which is also evidenced from the DFT calculations. The nanomaterials are suitable materials for
the elimination of radionuclides from wastewater. However, it is necessary to carry out more research works focusing on the development of
low cost, high selective and more environmental friendly functional nanomaterials in scientific interests and practical applications in future.

Keywords : manufactured nanomaterials; radionuclides; sorption mechanism
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Figure 1 Size comparison of nanoparticles with other large—sized materials®



B AT ARBRR BB SR LI 1839

AN T B R KA R R AN ] i S A% 2 9 s g A 34,
AN, — B i R AL HE SN2 R 45 G 2 R
24 RIEFEIIVE AR R SO S T AR R
W e 2 A R R, Wik B2 pH (E SR R A A
U PERZ R IE 246 P JCHL A AL A i
FESES A, TR AR 2R AN 2 [] 1 W B 3k
TR U5 B B T G P A 25 A W B 2 1T A AR R elE i =
i, or TV 1 s s 1 S 00 AR AR} P R
R B A T B AL RO AR SR 2 Fh 3 b
ARANBN F1 28530 TR 128500 DGk HR RIS G
R PRIS TR AE  X A% A 9K R W BB
AFMLIEIAT T e .
2.1 BIhZESH

R T ST R AILIE LA K W B sy i) ek 32, AT 3 FH
Bl BT SIS E IR A T o b . — RSO W BT
SR FERIAR B B & A G, SR I i e | e fe s E
W RFPARERAS o 38 BP0 5 R Ao VR
T e B RN A SR A O, ZEW Y Bl 72 1
9T A 1VF 2 gl Ty 2RI e rp G o — % HE
2% Ritchie Fl Elovich 555 Jj A8 (3£ 2) o 7EAR A
T 12 51 2850 23 AR S A o R 2 [ A R 11 2R T R
P HORH 7 TR 2, A IS X5 1 3l ) 2RI B 7 2
W RS DL, T LA AT B Ao 2 %o R o L R A
—HHHMEE

2 AR A SRR AR

Table 2 Functional equations of different kinetics models® !
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Table 3 Functional equations of different sorption models-*"
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Table 4 Summary of parameters for different surface complexation models
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Figure 4 Simulation of adsorption of U( VI) and Eu(Ill ) with a diffuse double—layer model™
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Figure 5 The interaction of Eu( Il ) and **Am( Il ) with CNTs"**
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Table 5 Comparison of the maximum adsorption capacities of radionuclides on different manufactured nanomaterials
NTHUORI R HORPER R IR Bt it /mg - 7! SRS E BTN
MNMs Radionuclides The maximum adsorption Experimental conditions References

MMS-AO u(vl) 277.3 pH=5.0+£0.1,7=298 K [52]
m/V=0.2 g-L!,1=0.2 mmol - L! NaClO,

PANI/GO u(vl) 1960 pH=5.0£0.1,7=293 K [53]
m/V=0.05 g-L",7=0.01 mol - L NaCl

GO Eu(Tl) 28.7 pH=4.0,T=303 K [44]
m/V=0.2 g-L,1=0.01 mol -L* NaClO,

PAO-g—1GO Eu(1l) 296.4 pH=5.020.1,T=343 K [54]
m/V=0.2 g-1.",1=0.01 mol - L™ NaCl

ZVI/GF Co( 1) 13158 pH=5.7,7T=303 K,m/V=0.2 g-L" 55]

CD/GO Co( 1) 72.4 pH=6.0+£0.1,T=303 K [56]

m/V=0.1 g-L",7/=0.01 mol - ! NaCl
NZVI/rGO Re(1ll) 85.77 pH=3.0,7=293 K [57]
mIV=0.1 g1

PANI/Ti(HPO,), Re(1l) 47.62 pH=4.0£0.1, T=293K 58]
m/V=0.1 g-L7",1=0.01 mol-L™" NaNO,

GO/HAP Sr( 1) 702.18 pH=7.0+0.1,T=293 K [59]
m/V=0.5 g-L7",1=0.01 mol-L™" NaNO,

Fungus—Fe;0,4 Th(IV) 280.8 pH=3,7=303 K [60]

m/V=0.2 g-1.",1=0.01 mol - L™ NaClO,
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Table 6 Comparison of the maximum adsorption capacities of radionuclides on different adsorbents

W HEAAEE Adsorbents  BCSHER 2 Radionuclides KWL The maximum adsorption/mg-g™  pH TIK %230k References
linIN 273N u(vl) 14 7.0 298 [61]
TR u(vl) 28.3 3.0 293 [62]
S Eu(1l) 25.6 6.0 298 [63]
ZSM-5 Wiy Eu(1l) 33 5.0 298 [64]
b2 Ry e Co( 1) 7.9 6.0 303 [65]
Frig Co(1l) 22.0 6.0 298 [66]
A Se( 1) 133 5.0 298 [67]
LR Sr(1) 10.8 7.0 293 [68]
ki1 Re(1l) 15.39 1.0 298 [69]
FFRA Th(IV) 4.66 3.0 298 [70]
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Table 7 Advantages and disadvantages for different analytical approaches!”-"7-*-!
Gy (RS Berd
Analytical approaches Advantages Disadvantages
Ik Sy ] RATHURE 158 25 LA W A [ HRRLS th— LA G R AE (L A 50 , JCER AR R HA 2%
R M LA B SR 1 1 A Ak
VI Zgi A SRR B A R AR DGR 2 B4 HRB4 HH— 207G IR AR B s ), JC TR R 4%
R M A S BN 1 1 A Ak
R HTL(SCMs ) TR T BRI Z BN ER ; FELDEGSEECGED, B TRESCESH0 R, BRI TR AT
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(XAFS)
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