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Adsorption of U(V[) Onto Nano-Fe;O, Coated by Polyvinyl Pyrrolidone
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Abstract: The nano-Fe; O, coated by polyvinyl pyrrolidone was systematically conducted this
research as U (V[) adsorbent about the effect of pH value, initial U (V] ) concentration,
temperature, ion strength and adsorption time on U(V][) adsorption, meanwhile study the
adsorption isotherm models, kinetics, thermodynamics and adsorption recycles. Results
show that the adsorption equilibrium time is from 5 to 60 minutes when the pH value is 6. 00
at 20-40 C, and the removal rate of U(V]) is more than 75%. The kinetic of U(V]) adsorp-
tion onto Fe; O, @PVP is nearly to pseudo-secondary adsorption kinetics and obeys Redlich-
Peterson and Langmuir models. The adsorption rate constant of U(V[) adsorption onto
Fe; O, @PVP is 0. 000 646-0. 012 500 g/(mg *» min) at 20-40 C, and the corresponding maxi-
mum adsorption capacity of Langmuir isotherm models is 185. 8-291. 0 mg/g. Thermodynamic
studies reveal that the adsorption process of U(V[) onto Fe;O, @PVP is endothermic and
spontaneous(AH® >0, AG®<C0).

Key words: PVP-coated; nano-Fe; O, ; U(V]) adsorption; adsorption kinetics; magnetic sep-

aration
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magnetic separation of Fe; O, @ PVP
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Fig. 2 Zeta potential curve(a) of Fe; O, @PVP and effect of pH value
on adsorption of U(V]) onto Fe; O, @PVP(b)
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on adsorption of U(V]) onto Fe; O, @PVP
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Fig. 4 Effect of adsorption temperature on adsorption of U(V]) onto Fe; O, @PVP(a) and
Arrhenius curves of U(V]) adsorption onto Fe; O, @ PVP(b)
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Fe; Oy @PVP XF UCVID 19 1z B e Bk i 5C A2 F0 i 1
MR FF 11 R0 A
2.5 KM AZEHR

W UVD WAL 20~40 CTF 14 W BE Fc 4l 4 AR
ARO—AD TS = UE 5iTH5E, RIEUA 4
FRTE 4 AK 1, HE 4RI 1 AT HlL,
BB 46 BT R B Sl 10~50 mg/ L (1845 HE W B 5 22
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Wi E B RE AGD S —4.04 ~ — 2.79 kJ/mol, 3 B
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e A W o L B P B R R
2.6 WMBHIHERR

W BRF BT[] 2 BT R B Ak SR Y T R 4R AR TE
20~40 CTFIF R prse 50 4% =X (2) — (D 23
W B 2% 2 7 4 40 A il 26 R Bl ) 25 B0 2 ) )
A 2IFRTHEG6,
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Table 1 Thermodynamic parameters of U(V]) adsorption on Fe; O, @PVP
oo/(mg+ L7 BHR R AHO/(k] » mol™')  AS®/(k] * mol~! « K71)  AG®/(k] » mol™1) r?
10 —2.06 9.32 17.13 77.49 —4.04 0.997 1
20 —1.63 7.68 13.55 63. 85 —3.89 0. 956 3
30 —2.12 8.99 17.63 74.74 —2.79 0.992 2
40 —0.70 4. 20 5.82 34.92 —3.72 0.976 5
50 —0.81 4.43 6.73 36. 83 —3.33 0.876 9

1 :pH=6.00,/=120 min,273. 15 K,100 kPa

%2 ARNFEEEET Fe; O, @PVP W UCVD B3 )1 % 54

Table 2 Kinetic parameters of U(V]) adsorption on Fe; O, @PVP at different temperatures

E— 2% WY By g 2 B

TE % WY 3 g 2 st 7Y

1 BE/ Gevexn/ ,
c Qe,cal/ k1 /min 2 (mg - g ) Qe,cal/ ko /(g 2
(mg+g b (mge+g b mg ! e min~ 1)
20 112.6 0.063 4 0.997 3 120. 7 140. 8 0. 000 646 0.997 2
30 243.6 0.757 9 0.901 9 122.9 131. 6 0.001 839 0.999 5
40 49.1 0.236 4 0. 806 8 132. 6 133.3 0.012 500 0.999 7

H: D) e BRI IAE s oo 7678 LB 5
2) po=>50 mg/L,pH=6.00,m/V=0.2 g/L

W B 2% R L 7E 20.30.40 C W% B35 3
S 1 I 1] 43 50 60,305 min; 8l 7 2 B %
. Fe, O, @PVP W} UCVD i 72 0 432305 v — St
BF 2l g 22 B AL 2 MR A G R B 0,997 2~
0.999 7; 4R BE 43k 20.30.40 CHf, #E — %%
W% B 3 2% B4 B ok 0.000 646.0.001 839,
0.012 500 g/(mg + min) . it B I B B 78 W B 2
IO R T iR B U B B N . T
M2 T 0 B A i g, N A Z R BB R
2 S5 2k B A B, U U5 ) 32 O i Ao R AT R R fh 34
FLZY O Ok S R R
2.7 WMERLE

W B 45 Il 2k RE % AL AN W] IR R Fe, O, @
PVP W RfE U CVID 4 4 A0 B 75 5 29 0 78 20,30

40 CTF#FATAS R e BE U CVD 375 U 1Y) W B 5 3, I
FRAE 3 (5)— (&) PUBN S5 ZR S AU A5 L $UU A5 i
THE 7T WMEERIAE 3, BB 7 5% 3 PR
A%, Fe, O, @PVP Bt UV 3 F245 4 Redlich-
Peterson ZE 1R AR (2 2=0. 977 9) 5 Langmuir %
TR 7 ==0. 977 9), RIIA Ky Fe, O, @PVP 1 i
UVD R T8 T 555 1 J2 249 57 W B o LR B ok 72 02
AR AR — 8 AT B B 1Y D5 T DL R R
2 W . H Langmuir 85 i 26 #i i 20, 30,
40 CF Fe; Oy @PVP Wz BE UV Y 1 0 W J 25
49k 185, 8.237.0.291. 0 mg/ g, & A0 FE 4 4
JR K B i W o0 550 ik J 1R B 25 1 (24 20 mg/ @) 11
10 &%, 2L WY K Fe; O, 1) 5~61%,30.40 C
IS ) A A B 2 AL T PAM B 4K Fe, O,



%53 W PVP WA 1K Fey O, X UCVD I B 383

X B 2% W B R W ARG R S TR R T R v F 1, — I B 45 & Redlich-Peterson 487
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Fig. 6 Kinetic curves(a), diffusion model curves(b), pseudo-first adsorption kinetics curves(c) ,

pseudo-secondary adsorption kinetics curves(d) of U(V]) adsorption on Fe; O, @PVP at different temperatures

[ (2 e

(I) 2‘0 4.0 6I0 8‘0 1 (‘)0 1 2I 0 (l) 2l0 4‘0 6.0 SIO 1 (I)O 1 é 0
p/ (mg+L") p./ (mg+L"
B2 C.@—30 C,¢—140 C
pH=6.00,7=120 min
Freundlich; (b).— Temkin, - —— Redlich-Peterson
Bl 7 Fes Oy @PVP Wk UCVED i 0 B 25 ik 2
Fig. 7 Different isotherm models for U(V]) adsorption onto Fe; O, @PVP at different temperatures
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Table 3 Isotherms parameters for Langmuir and Freundlich models
Langmuir & %I Freundlich 5 &Y
g/ C
Ki/(L+mg 1 Gmax/(mg ¢ g= 1) r? Kr/[(mgeg D(mg-+ 1L)/"] n r?
20 0. 068 35 185. 8 0.986 0 36. 38 2.98 0. 906 6
30 0.049 57 237.0 0.980 6 33.15 2. 48 0.974 9
40 0.041 39 291.0 0.977 9 32. 85 2. 24 0.992 0
Redlich-Peterson &% Temkin & %I
Wz C
Kr/(L+mg 1) ar/(L+ mg 1B r? A B/(L+mg 1) r?
20 33.16 0.56 0.996 5 56.08 0. 60 0.964 1
30 18. 40 0.19 0.993 4 48. 25 0.61 0.985 5
40 11. 34 0. 05 0.984 8 38. 47 0.76 0.971 9

7 :pH=6.00,=120 min
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W BEF 500 18 56 R 5 A P R L DG R 3 R R )
R R bR L T AN Fe, O, @PVP 72
UV W R FE b i B R 5 S 2 R Ve Re TR T
JI5E P £ A B W2 B S5 36 o 0 BB 52K T 0. 1 mol /L
HCl W 25 8n T 8. (Bl 8 Al : Fe; O, @PVP
T 0 B A2 F I 2 A0 A O KR o ity Wz B 232 A
TR &5 5 WHATEHRF G Fe; O, @PVP 1)
B BB T 40090, o B A M REAL 5
X W AE S PR i 2 h Fe; O, @ PVP B2 £
U B UCVD) A B0 5y 0 FHTE T

(EEIRAE ¢

pH=6.00,40 C,p0 =50 mg/L,z=120 min
& 8 Fe, O, @PVP W UV HI1E BRI 5k
Fig. 8 Adsorption cycles of U(V]) onto Fe; O, @PVP
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(1) PVP B 4K Fe, O, REW W2 42 5
K Fe; Op X UCVD BB %5 5, 20~40 CF

Fe,O, @ PVP W Bf U CVI) 8 1 0% Fff 25 & A
185.8~291.0 mg/g, 24 Mk WL 10 £%5, &3
4K Fe, O, ) 5~6 £%,30.,40 C N1 F g B 25 2
T PAM 38 94 % Fe, O, , H A B 4T (116 3
FHERE .

(2) Fe; O,@PVP Wz UV Byi&EH pH 8
K 6.0~7.0,60 min PN B AT 35 2 0% B SF- 75
d i UCVD e BERE I, Fe, O, @ PVP 1 Jff 75
TR AELBG T RN KR 2% L B s s B W
TR 5 52 R0 S 1 0 2 88 VR B S 388 i I AS W
2% LB BRI K 7500

(3) Fe; O, @PVP W& [ UV i3 B 55 4 U
TG R Bl S 2E AR £F A Redlich-Peterson 5
Langmuir 58 & 881, i) #02 — A R A 7
Gk P32 08 e O B T B R, LR B R R — AN
RiFFE(AH >0,AG"<<0), Fe;O, @PVP J&—
il T 53 B G VA RL A B T 0~200 mg/L
BBl R K CRe 2 & A L KO I AL 15 il oT R
EN e

S 23k
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