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2.1 #MEE5NH

1) SE80 2R

i (HCl) . A48 (NaOH) . PUKA R
fb4h (MnClL- 4H,0) . Kl (CH,OH) . =& Mk
(CHCly) . HE (CH,0H) . WEERH (NaClO) .
filf B2 &1 (NaNO;) . = /K & fi§ B2 4 ( Zn(NO,), -
3H,0) . ANKAMEREE (Zn(NO,),- 6H,0) , LK
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B B4 Providencia sp. LLDRAG™, 43 Jil {47
T [ R T R R G (JF 51452 2018876 ) Fili:
AR IO (515 92091)

LB W iRK 770k BeRERK 5 g, REEFIR 10 g,
FALHN (NaCl) 5 g, pH N 7.2~7.4, 587K 1000
mL, 121 “CF & EKE 20 min,

2) SH F AN

T B8 (scanning electron microscope,
SEM ) , ZEISS EVO MA 10, f#[E /R « 48] By
s Ay PR OE B H T B MBE (high resolution
transmission electron microscope, HRTEM ) , FEI
Tecnai G2 F20, 32[E FEI A5 BEIG /M1 (energy
dispersive spectrometer, EDS) , Smartedx, 1 [E f
IR« SRR A F] X S Z IR T REIE X ( X-ray
photoelectron spectroscopy , XPS ), VG Multilab 2000 X,
2 [E Thermal Electron 22 Fl; £ X HL T4 ( selected
area electron diffraction, SAED ) , Oxford X-max
80T, el A= FAXERAEIAT; Lo 1w AL AR 20 A1 20 A
i, Micromeritics ASAP 2020, £ [E Z 72 /A A); X
5 2% 411 93 1L ( X-ray diffraction, XRD ) , Bruker D8
Advance, TEEMIEGWAR; JEFRIBOCEEL, AA-
7020, JEEUARPE O HTAERATER A F
22 FiE
221 A HERAAHY R EF

M =80 CUKFEH IR T LB [R5 575
37 CHiFR 12 h J5, PRECA R I Hefh TR A s Fr
YER DT & o R0 % 0.2% M b fE 2 A
LB ARG SRR KRG S%, 35 °C. 180 r/min TG
FiFR 12 h, SRJEIIAMREZ N 1 mol/L 1) MnCl, LK
J&% 50 mmol/L, ARG FRAMTHFR 7 d, 152IH
RS54 Y ARG .

24077 1: 2 B8 M. Villalobos %5 ™ i 77 33 A
Stk AR .

1) #3555 7 d J5 & AR AR ALY IR S IR
HEF 50 mL .04, 2000 r/min, #5010 min J53F
FVEWR, B TOKERTIE; MR R,
HIE MBI 78 I, IREAEIRTTIED) .

2) LT P I AR B Je A AR BE 50 min, Fif
Jo A 2R B [T RR A = 58 ot 174k 20 75 A 3L 20
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5) BOF RIER, MESFKIFRIEY, B
2 L5 pH .
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223 RAEHHER

W B S R AL S0 3y itk A T, R E T
Zn (11) 5% Cu (11) ) AYMZBR S50 7E NaNO, HL AR (0.1
mol/L ) VA 4T, 16 100 mL 4 T8 i rf 43 Bl m A
— E K 25 mmol/L ) Zn(NO,), ¥ W 5 25 mmol/L
i) Cu(NO,), ¥, FF /1 A 0.1 mol/L i NaNO, ¥ i
F 48 mL, FJGMA 2 mL ()5 g/L LEWsh ALy &
TF W AR A SR D I TRV O 0.2 g/L, Horh
YA P E AR B T (Zn (1) 8 Cu (1) ) &IKF
A4 0.2, 0.4, 0.6,0.8, 1.0 mmol/L . AT E TH7
PRHT, 25 °C. 180 r/min TR N 24 h, 1E N FE
AR R pH 2508 0 4, 6. W 2555 10 000 r/min
B0 10 min, B0 AR FIHBOER A 0.22 pm i
ALUE B, s RO RSO 2 iR
FEEET (Zn (1) 5 Cu (1) ) MYUREE.
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3 #HR5TR

30 SYEFAYHEHSHER

W aliAb 5 W AR s A A Y 81T SEM-EDS SRAE,
gERmE L . RIE LR, YRR A
RO g O ZE B, UKL R /N 30~80 pm L2 K,
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IG5 AR (4 A= W AR SR AR AR ) B

A WG E AL Y XRD R 25 SR e 2 i,
B2 Al A A AR TE 20 y 32.951° | 55.189°
1 65.806° A7 HH i ARRAEIG , X 3 AT S o0 51 ek 1o
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Fig.1 The SEM-EDS image of biogenic manganese oxide
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Fig. 2 XRD patterns of biogenic manganese oxide and

bixbyite standard card
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T kL, Ok R /N A 20~100 nm (& 3a) o L
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Fig.3 HRTEM-SAED patterns of biogenic manganese oxide
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Fig. 4 XPS spectra of biogenic manganese oxide
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IV TSR AR R W R AT thfLah b, FLBR ST R
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Fig.5 Pore structure characteristics of biogenic manganese oxide
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Fig. 6 Relationship between the adsorption capacity and
ion concentration of biogenic Mn,O; at different pH values
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F ) W B AR B S FE R — WA, AR
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XF Cu (1) AR ZE 5 R TR Zn (D) BB 2 6L
3.3 WMTTAR
331 EWHAF SN

Rk — T @A B IR Mn,O, X R /K FR Cu (1)
M zZn (1) MWL, 72 pH N 6, &Jm & FIRE
¥ 1 mmol/L BT, X s F124381 7508 o
H R R 13 W B 2 07 2 BRI AT U — 2 5y ) 2 AT
FHE— s J2esity, HO R o5 R

k

le(q.—q)=1gq ——2 ¢, 2

g(q.—aq.)=1gq, 3303 (2)
Loty (3)
qt qe quezo

K g g AN ZE LI TA] ¢ 04U BR 25 5 0P s
ZIBIR A, mg/g;

by R HE— 2By 7 2 RS (18 WG R A 3 23 R
min”';

ky R HE 2 By A5 (18 W T P 1 3 A
g/(mg-min),

A8 Mn,O5 W B Cu (10) 1 Zn (10) 9 05 ff

SFFEERANE 7 L 1 R, B 7 SR 1 Rl
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M Zn (1) WMHEZHEh 2R (R HET
WE— R EIH O R, TR AE 9 R Mn,O, XF Cu (1)
A Zn (I0) PR BRFAod i o) 9 — R 8y g 2R
X R A P15 Mn,O; ZEW B Cu (1) F1 Zn(I) 3 72
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Fig. 7 Linear pseudo-second kinetic plots of Cu(Il) and
Zn(II) adsorption by biogenic Mn,O;

®1EWIE Mn,0, 3 Cu(ll) 1 Zn(l) BHIFIZN N FSH
Table 1 Kinetic parameters of Cu(Il) and Zn(II)
adsorption by biegenic Mn,0;

ff e -
TR
7 k/min' kAg(mgmin ) g/mge) K
- Cu(Il) 0.178 81.200  0.988
Zn (1) 0.295 65.552  0.979
o Cu(Il) 0.003 103.734  0.996
2%
Zn (1) 0.007 77.881  0.985
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Piff: Langmuir B8] Freundlich #2741
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B0 R R AR B R s 2 ) w R e
o IR AR P RV T BB E— 2 3) MRBR A mT
JEXs B,

Freundlich 45 I W FHAE A 5 ) S B R R
W 0] W B B Y 255 G 3R, R BT I AR T I ot
R —FhfEis ™,

Langmuir 2575 W% fH5E % . Freundlich %57 W Ft A5
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A g WEKWIZE, mg/g;

k& Langmuir W FE5 %0, L/img;

ke °N Freundlich W HHE# %0, mg'™" L™ - g™’

n kg5 TR B A D JE i 4 4

AR Mn,O, MR Cu (11) 1 Zn (11) HYZ5IEIL
PRS2 TN P 8 R 2 IR, H I 8 & 2 ml %,
Langmuir 257 BFHERY (4156 250058 R*=0.987 FiI
R=0.998 ) ML EE T Freundlich B! (¢ 240>
A R*=0.943 F1 R*=0.979 ) . XEHEPIE Mn,0, T
B Cu (I1) F1Zn (X1) AY5SREA ST 2R, HIK
KBS 2 [l E A AR . i Langmuir SR G515 H
AR Mn,Oy BB Cu (11) F1Zn (11) BRI B2E
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FEAtiAl 5 1A IE Mn, 0, J— RS AR
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Fig. 8 Linear isotherm model of Cu(Il) and Zn(Il)
adsorption by biogenic Mn,0;

F2  HEYIE Mn,O; IRHE Cu(Il) 1 Zn(D) A
FRWMMERESY
Table 2 Parameters of isotherm adsorption model for
Cu(ll) and Zn(Il) adsorption by biogenic Mn,0O,
Z  H

k/(Lmg) gu/(mgg ) ke/(mg™"L"g) 1n R

Bl g

“cu(ll) 009  109.051 0.987
Langmuir
Zn(1)  0.068  88.652 0.998
ot 1) 21420 0377 0.943
Feundieh 0 15112 0387 0.979
A\
4 ZEip

ACHIH Providencia sp. LLDRAG il & 4lifbJ5 1y
A= )8 Mn, O, S W B 5F, AFE Cu (11) Fl Zn (1)
WA BRI R pH X W FHERE A2, JEARLE S5
SR ) 2 AR IR WSR3 Ar, TR LA
5

1) H %% % 1k 40 1§ Providencia sp. LLDRAG6 41
S I Al A Y AR R 59 4 AR R
B (Mn,O,) , HLIES A RINERLR, KN
20~100 nm. SSA il %E 45 5 7R A W E ALY 4L
#h 5.269 nm, R HRFLAEHY, HLRTIFLA 5.740 mY/g.
ZAYER A EEAEOCE R Mn, O, H Mn (1)
A Mn (1) 765 APy b el 3h 47, g o A L
Mn (II) K3,

2) AR Mn,O, MR Cu (1) F1 Zn (11) AYFRIE
pH 2}y 6, 7 1 mmol/L ¥ & T W fff 75 5t ) 15 1 89.889
mg/g F170.595 mg/g. Ak, AHI5 Mn,O, W fff Cu(11)
I Zn( I0 )2 502 MR B, W o6 aed o T 32 Ak~ M s

gE LRTIR, SR FHAE YU Mn, 04 W K b i)
Cu (II) F1Zn (1) , EAT AP T
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Characteristics of Adsorption of Cu(Il) and Zn(II) by Biogenic Bixbyite

LUO Jun"?, CHEN Xiaobei', CHEN Wanggiong', CHEN Enlian', YAN Yuhong, LI Ding"’

(1. College of Life Sciences and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China;

2. Hunan Provincial Engineering Research Center of Lily Germplasm Resource Innovation and Deep Processing,
Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Biogenic Mn oxides were prepared and purified using the Mn(Il) oxidizing bacterium Providencia

sp. LLDRAG6, which was isolated from soil. Scanning electron microscopy-energy dispersive spectroscopy (SEM-

EDS), X-ray diffraction (XRD), high-resolution transmission electron microscopy-selected area electron diffraction

(HRTEM-SAED), X-ray photoelectron spectroscopy (XPS), and specific surface area (SSA) determination were used

to characterize the biogenic manganese oxides. The biogenic manganese oxides were found to be poorly crystalline

bixbiyte (Mn,0;) with a specific surface area of 5.740 m’/g. Biogenic Mn,0, showed high adsorption capacity of

Cu(ll) and Zn(Il), with an optimal pH of 6 and adsorption quantities of 89.889 mg/g and 70.595 mg/g, respectively.

The adsorption curves of Cu(Il) and Zn(Il) by biogenic Mn,O; were both consistent with the pseudo-second kinetic

model, indicating that chemisorption influenced both Cu(Il) and Zn(Il) adsorption rates. Cu(Il) and Zn(II) adsorption by

biogenic Mn,0, followed the Langmuir isothermal adsorption model, suggesting that the adsorption processes belonged

to monomolecular layer adsorption.

Keywords: biogenic Mn,O;; adsorption; Cu(ll); Zn(Il)
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