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TN %E 41 27 BK B Deinococcus radiodurans R1, W H
H ] S A A ) TR R DR B PO (CGMICC), 4
1.633, PRAFAEASTR .
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1.2.1  BEEIhREALRETESIK FesO4 ki T
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P, A 100 mL 2527 /K A 50 mL 0.001
mol/L #i HC1 ¥, A /0L 0.5 h J&, 4 = 1 Beiiii
71 60 'C fEMRZKIAR Pl B FE 2.0 h(N, TRE), IR
FH 0.001 mol/L #i HC1 AT 1A &R pH {0 4.0, M
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WK pH Ay 6.0. SRJ5 I = HEFEHE R M 4.5 g
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DU PRI BE o AR5 A 25 B A B 1)
W NFGDR [REZVER e 1, PR A s m
W Bt 1) NFGDR EIMEFT 6 ¥k, 2 il vk S ki)
B 7R qu(mg/@)FIRILR po(%e):

C,
94 =—n‘i 4 (3)
_ 44 0
Pq _7><IOOA) &)

K g AT ARG TURIREE, me/L; vV oNfET
WHAR, mL; m AW NFGDR )i, go

2 FR5118

2.1 RFEFH NFGDR 3348 0% M3 SR 69 2200 [E 2= 2 4
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Fig. 1 Effect of pH on uranium adsorption efficiency by
NFGDR
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B T U0 RAEKAR, TS 21K figk
P, ASFI T ) NFGDR 0Pl b /e U4, [l
IR B ) NFGDR W Bl () d5e A 359 pH (LR 5
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NFGDR

Effect of time on uranium adsorption efficiency by
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Fig. 3 Effect of uranium initial concentration on uranium

adsorption efficiency by NFGDR
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XTRITI L B AR . 540, TR I, &
Bl K ] Re 2 S B 7] NEFGDR 40 WURE 25 R ROR
NI 3 S5CFT O A R, A W B 38 BTG I i
Kz

PRI, WEERFR NFGDR Yol 1) S W B 5 6] il
(IR B 256 AR S AR a3, X RS U0, K
JERREIN, BER AL VO Brm AW %, 1 B
Wi SR BEAE LB 7] NEGDR R EIAI S B, TR Fh
W Bl o, AT B AN I 0 o 9 Bl ik
JEiEIS 30 mg/L IS, H TR B ) NFGDR 3 1k 410
AN LB RO ROIR S B R P e AN 25 B ok 52 1)
SARCIITETE S NN
214 WRBR SRR 0] Al 0 U B AR R

FERNWIUAIR o 10 mg/L (R R oin— 5 it
(W) NFGDR, W 58 pH by 5, 1 25 “CHadi
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X BT S R 20 SR )55 e 51 56 5 S L] 4
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Fig. 4 Effect of adsorbent dosage on uranium adsorption

efficiency by NFGDR

NFGDR F I 888 et 2055 0 Bl it 128 - 1 2 Ak
TRRH IR, WP, ORI 2 55 W B 1) B R 1A ) ity
Wz, MM A bR BT HaE, R
NFGDR &S\ e, R0 8o as, 00l
) BRI Bt S T gzl o W B ) NFGDR £ 4
5 mg IS, 0Pl KW B 3 R AT IR B £ 4 R 90.93%
F1146.37 mg/g.

2.2 WRPHFI NFGDR X4 a0 MR IR 1T A 54
22.1 WRENF] NFGDR Sl i 2 g 2

h T BE— LW B NFGDR Skl (KW 50
AT, RHUE— N B)) ) 2 B AE = 4 e V5
JIEERERN 2.1.2 TSR0 25 AT LA AT, A 45 R
W 1.

F 1 WHFH NFGDR W i ahit15h 115 55
Table 1
NFGDR

Kinetic parameters of uranium adsorption by

Pseudo-first-order Pseudo-second-order

Kl/ qc/ R 2 K2/ qc/ R 2
1 1 gl 1 ol 2
(gmg 'min ) (mgg)

min'  (mgg )
0.0098  83.12 0.0047 155.89  0.9903

0.9126

M RLA SRR G, HE— RN 8 )2 A
YR SR A SR B R ORT R A
0.9126 1 0.9903, #E 2 [z N5l ) 5 B4 3] (1) ¥4ty
W Bt oA 155.89 mg/g, 5 2.1.2 7T SEEG AT/ K LRI
B 151.02 mg/g LhiET, Ui FHHE 2 e N 5l
D72 ERGRE T DU Lf MR W PR 5] NFGDR % (v i it
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170 o MRPEHE 0 Na) )y 2 R ST, wT DAHE
DMK B 77) NFGDR AEW B Al Rl R o 32 B2 40 24
P, TR O R B R (R 52 i kA ) DL 22
H]%[lé]o
222 WLFRF NFGDR % W b 24 2%

W o 45t 8 A 3 PR) A2 A — S Tl B MR B SR 4
JER B R TAT I B B PR FE 2 RN ARG R R
FHH H ) Langmuir F1 Freundlich W25t Xt 2.1.3
RIS A AT E T, UESE R WA 2.

Fz 2 NFGRD WM 54 S50
Table 2
NFGDR

Kinetic parameters of uranium adsorption by

Langmuir equation

KL/ Qmax/ 2 Kf/
Lmg!) mggh 7 (mgg))
0.0598  149.68 40.561

Freundlich equation

1/n R’

0.9938 0.225  0.9902

MFE 2 L& 4R KE, Langmuir F1 Freundlich
W, B AT B TR A e e A SRWR B 7] NFGDR lih
I P47 A, Langmuir 1 Freundlich W B S5 A5 7Y 1)
MIZCRE R A R 4354 0.9938 F1 0.9902, i3HA
Langmuir W S50 AR 400 & F5 B2 5 T Freundlich W
B A AR, X FBE B TR R R NEGDR Al
Bt AR LEAEW B 7] NFGDR R Ifi A PEX AL, 8 T3 —
(10 B0 2 R P 2 R B L 8 7 1) e A A YT A
Langmuir W EEEB G, — B KL F 0~1 78
FEL A, R s 2% 5 /EAT « 4F Freundlich 25 £k 4570
W, 1/ n BT 0.5, Ui 7] NFGDR X3l b
Py 408
223 WEENF NEGDR WM AT Ky

43 WIS 0.1mol/L [f] HCl. NaHCO; #Il EDTA %
TBONS I W BRST-487 (1R B 7] NEGDR MEAT R, ARG
A8 25 BS T ACKH R 5 W B ) NFGDR R IZ Pz
PEC AT FRREEEAE S R ) NFGDR EHMEH] 6
UKo RV HRIR py(%), SEREER I 3.

R 3 NFGRD WLl s e s 56 5 R
Table 3 Results of uranium desorption experiments by NFGDR

& 3 g5 R BoR, 1A SR B -1 5 1 W Bt 5
NFGDR 43 5%15% 1 0.1 mol/L [ HC1.NaHCO; A1 EDTA
WHFNT R 6 UG, BT IR D A2, IR g
FIBARANK, SILREFLE 80% LA I, ULHHIL 7] NFGDR
HA R P A TERE, 75 52FR Bl K AL BTN ]
PAZ RS RIT, AT R 2 W R R T o, A
FTREFA LR

2.3 WRHMIF NFGDR %t$ha9 0% MIAIR 4 47
23.1  AMEEFTIR) AT

B 5 BT R W B 57 NFGDR S5 01453 B 9 10 mg/L
FAW, pH A A 5, £E 25 C4&1F FAEMTT G FTIR
W, o, 3589.59 em ! A A AFAE AN BRI BE (KRG AT
ALK O—H X H4ER S, 2938.53 cm!
J& C—H MZEdRshg, 1756.35 cm™' Al 1436.48
em 43 AT DL S b B R T AR R A 0 R i A T
BRA PSR R ) C—N B 4R 3, 1056.53 em ™!
B IUT R R S 0 = ke 1T i O AT R B C—C C—
O 1 C—O—C HEMW i I% . 605.13 cm ' A1 529.25cm™!
N POL (RITHIAMS AR s ™ . ph b mT LA, R B
| NFGDR RIS HRZ ME . AL, BREE. iR
FEETR R A, B NFGDR WE IS If) FTIR
SR AT LA, O—H F1 C—H {H45dREhIE R A K
AR, WG T HARRAE WSO R C—N B (1 4 P sl e 1
S4iER R MR AMAES T 4em R 2em ™, Ui
B BH 1) NFGDR =8 T HER . S5k, 7
2249.52 cm ' Ab il £k (b) b #h £k (a) 22 H A 9 A8 1 W
e, W] HE ARSI AL IO REYE AN K FesOq R 1 i 52 1k
EAB IS 1) DR BRI JG BT H R R IR RS U
232 HHHBEH(SEM) 7T

Kl 6 BT~ AW NFGDR W B4l RT 5 SEM 4.
Kl 6 HETBOR 50 000 5 IR T ERS . MEL 6(a) ] LA
Fit, WM NFGDR AEWR BRI IR 2 1 =l FURE A
ey TEARANKEI, 3R 2 P A A ) W B i e it
AT 5 R B AR T 3K R T RRURITBE 22 (R U PR A7 R
I 6(b)rl A, W) NFGDR W FfHlm, #imas

Uranium adsorption percent (p) after x times desorption/%

Desorption solution

x=1 x=2 x=3 x=4 x=5 x=6

HCl 93.62 93.38 93.16 92.55 90.05 88.65
NaHCO; 89.68 89.37 89.06 88.75 88.65 84.32
EDTA 85.36 85.11 85.09 84.35 84.02 82.36
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Fig. 5 FTIR spectra for NFGDR before and after adsorption
of uranium: (a) Before uranium adsorption; (b) After uranium

adsorption

TR '
») TEE . (L UTas
Bl 6 WLBH 7R NFGDR WFH Bl 5 1) SEM 15
Fig. 6 SEM images for NFGDR before and after adsorption

of uranium: (a) Before uranium adsorption; (b) After uranium

adsorption

REECE, ARHIEEARS LR TR,
B b, BAEAE—E BRI S, IX R Rt
7l NFGDR Wit 7 —se & mal, HWINF] NFGDR %
T D ResE A 2 R it R, BB A AL 27
Bt o

1) WRB7) NFGDR 58l H AT 8 1 B 30
NFGDR W BBl e 52 pH fE 5, WRBRIS i)
ki 80 min, HIAIAAIE g 10 mg/ L LL KW NFGDR
FehnE A 5 mg.

2) Wi NFGDR W i aliff1 2l J1 “# i L B, I
Bt it A T AR FHE = G R N Bl ) E R AT R IR
X AT HED FCMMC WAl )i B 3 2 A 22 W B i
i

3) W5 NFGDR WeFftHalr4T A %54 Langmuir
W B S5 ABE 2R, T g A ALY VG 75103 T PR VA PR A2
Ao AT BXPEIE RS H A FE SRRy, e TR
P A

4) W51 NEGDR FLATEUF I P AR M RE, 0T IA 2]
W B T- 4665 i (KR B 79 NFGDR A8 T 3 FiA ] (R0 it b 741
FENT A 6 UG, Rl R B R I E 80% LA .

5) 3 ik IR B R NEGDR W B Al i IS IR 20403
ARG, IR NFGDR W b Al 41t
TR B AR TR 22 (1R A7 2, T HLR B &
(gl R AE RIS AR, R NEFGDR %}
BITPR B AL B
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Adsorption behavior and mechanism of uranium (VI) on
Deinococcus radiodurans immobilized
functionalization magnetic carrier

XIAO Fang-zhu', HE Shu-ya', PENG Guo-wen*?, TAN Yan', DAI Yi-min*

(1. Support Discipline Laboratory of National Defence for Biochemistry and Molecular biology,
University of South China, Hengyang 421001, China;
2. School of Chemistry and Chemical Engineering, University of South China, Hengyang 421001, China;
3. School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
4. The Key Laboratory of Powder and Transport Materials Protection in Hunan Province, College of Chemistry and
Chemical Engineering, Changsha University of Science & Technology, Changsha 410004, China)

Abstract: In order to solve the problems such as Deinococcus radiodurans (DR) growing in a suspended state, the small
difference between the bacteria density and the water density, and the hard separation after uranium adsorption, the novel
functional magnetic Deinococcus radiodurans adsorbent NFGDR was prepared. At first, the carboxylation magnetic
Fe;04 nanoparticle was chloride functionalization using sulfoxide chloride, and it was immobilized with the chemical
modification DR using Diethylenetriamine as the magnetic carrier. FT-IR and SEM were used to characterize NFGDR,
and the effects of pH value, adsorption time, initial concentration of uranium and the adsorbent dosage on the adsorption
of NFGDR on uranium were investigated. The adsorption kinetic models and the adsorption isotherm models of NFGDR
on uranium were studied. The results show that a lot of functional groups are found on the cell wall of NFGDR for
adsorbing uranium , and its surface form changes because of adsorbing uranium. The optimal uranium adsorption
conditions are as follows: the pH of the solution is 5; the adsorption time is 80 min; the initial concentration of uranium is
10 mg/L and the adsorbent dosage is 5 mg. The kinetic model of NFGDR can be described by the pseudo-second-order
model well, and the isotherm model is fitted to Langmuir adsorption model, indicating that the adsorption process is a
monolayer cover adsorption process. At the same time, the uranium adsorption percents are over 80% after NFGDR was
regenerated 6 times using 3 different analytical agents. It shows that NFGDR has good regeneration performance.

Key words: functionalization; magnetic carrier; Deinococcus radiodurans; uranium; adsorption mechanism
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