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Preparation of magnetic biogenic Mn oxide and its adsorption on As([l[)

ZHANG Yanru, WANG Huawei” , LIU Liangfeng, WANG Yanan, SUN Yingjie, JIANG Xutong
(School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266525, China)

Abstract: Magnetic biogenic Mn oxide (MBMO) was prepared by Schiff base reaction, and
the physicochemical characteristics of the magnetic material were analyzed. The effects of
pH, AsCIll) concentration, coexisting anions, salinity, regeneration conditions and other
factors on the adsorption and immobilization effect of arsenic (As(Il[)) in wastewater were
investigated. The results showed that the prepared MBMO has good magnetic response per-
formance, which can realize the rapid separation and recovery of MBMQO; MBMO has good
adsorption performance for As([ll) in wastewater, and the removal rate of As(Ill) by MB-
MO was 95. 86 % when the initial concentration of As(Ill) was 0. 2 mg/L; with the increase
of the initial pH of the solution, the As(Il[) removal efficiency increased; when the chloride
ion concentration was 0. 1-10 mmol/L and the salinity was 0. 2%-5%, there was no signifi-
cant effect on the removal rate of As([ll) by MBMOj; the co-existing PO}~ and SiO;  ions sig-
nificantly affected the adsorption efficiency of As and the removal rate decreased with the increase of
the concentration; the regeneration of MBMO could be realized by the 0. 1 mol/L. NaOH solution,
and the removal rate of As(lll) was still above 80% after 3 times of the cycle, Overall, MBMO is
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an efficient biomaterial for the remediation of As contaminated environment.
Key words: As pollution; magnetic biogenic Mn oxide(MBMO) ; adsorption efficiency; influ-

encing factor

1 CAS) S K B RR I A B TS e 22— KIS As 1T REOFR RS JHILR SO
M4 RG22 RGBSR 0 05 , e 27 R AN 78 . FE3REE, ATGHL AsCID A As(V) . A
BT As(V), AsCID WP 7, ELRERSAE IR B2 K7 AE 380 T A B A xERED . TRIIE, & As BRK B
ECEI NG O S I E AP St

FIRT K As RBRAY 1 B IRBE-UITE L VB o k™ B Bkt R Bk 4 g
WAt DR A I Ak AR g B A T B RN S (PR AR A s T2 B0 G . As AT 35 B T v L T
PEER DBy B AR LT A | B R SS  b  4 X S BRI B As ERARAE 8K, (HAZ K v — 2L TEHILFF
T I pH B MR MELL AR . R O ZB00F ol R B R 7 5% L35 FH S L) A R o 50 o DAk 381 o 1 2
BRAk R

UTAE R L R B A R A ) 4 5 00 32 032 e R M R R S — R Tl R AL A RE 4 4
JR S A 3 v R R R L R Al B T AR RO L N A AR S o e A 5 e b b R
(MCS) X} HHEMRVE B AsCID YW R RESEFTIFT , 25 SR R BHAE MCS 8Ok 20 g/L.pH=9 . W [
AL A 120 min B XFSEBRIRPEE R T As (D £ BRF 0] F ik 96.58% ., GUPTA SE UMK 5
Fe, O, 454 il & H g fE 7 (MWCNTs/Fes O,) » 85 R Z Bz RS CrCID AR & 1 2B, s
RILALALPIBRPKAE I 2 5. BAT S & 1wt A D A AL sE AR X D3R 26 AR ER AN Mn (1D #745
BT R BRARCR . T DL R R R A sk A A Ak B FH PP A 2 R A T R SR i o

SEHFIOIIE T AR E AR (BMO) XK H AsCID B9 25 B, R IR AT B BMO BE % W [ [ &
AsCID o B R 7= 49 [ 43 5 PRI . Sk Ikt A S b 5 9 B o7 48 17 i P 2B W Ak i (MBMOD 5 F1)
TEM.XRD.FTIR 55041 T #EVEM RGP BEAL AR AE  IF 58 T ¥ pHL AsCID ¥R EAF RS 7 3
FRAE SRR AE R XK AsCIID R B [ 2 B8R e i . AR 58 ORI A REPE A A BME . As T5 4 30
BRit=%,

1 #MR57A=E

1.1 EIedfsd
L 11 AR BMO) W

F s B AL B bR (Pseudomonas putida strain MnBL(ATCC 23483)) il & 4= ¥ 8 4k (BMO) . i
FHES FR 3% T B AR 284 (0. 15 g/ L) FrEmREN (0. 15 g/L) (EERFZH#Y (0. 075 g/L) EEBEER 1 (0. 05
g/L) RFRER (1 g/L) ., pH="6. 8. LR AR &I B AT Ly 5 V04 T LR Br g 5L s R L
FRIEAR T8 (30~50 r/min) F 25 ‘CH;FE 4 d BB 0. 45 pm WY UEREHIUE 5 AT B 25 R R T EEHL
HZR T AR AN R A ) A
1.1.2  RER (MP) ] %

# 0.2 mol FeCl, « 6H,0O 1 0. 15 mol FeSO, « 7TH, O IRAERNNHZE 80 °C, I AT HH 25 %
B K RN 30 min, JE&HI B I L KV G Ut P EoxR . B K 2. 50 CHET R IF
& AR BB R RIS BB (MF)
1.1.3  REPEAEY AL (MBMO) (1 £

0.1 g WAL THNE] 100 mL 0.1 mol/L Y FeCl, %W, 25 iR ZU5 4 4 h, #4419
0.1 g WEEMmARBMENR SRR T, B 5E 250805 . A 100 mL 15 2 FE R A TTEY , 4k 100
ml CBEE R PR LA Z bRt i FeCly , 3548 RIS TR AR . f MRS G IR B AE 100 mL 5905 1
) LB EAT T B (Schif D) ) 50 “CHERIR 12 h(180 r/min) , 1488 M 4l /K P 5 T tf
V& AR BN R A W B AL R A R
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1.2 #HEEMELEEES

SKH Tecnai G2 F20 i JHLF BA08E (TEMD E /N T 0. 2 pom MGIESHY » S0 HTRE 5 AT S HRAE L Z18
SERY . IS B LR 2T SRR B (FTIR) (Nicolet 5700) Fl X SR AT ML (XRD) 43 5100 2 K i 1 2 R 25
PR AR S5 44 , T 40 BT i 28 100 1 B 68 P 245 4 DR R B4 18253 A L N 3B D - 8 o0 T I S5 4 A8 k. R
NANO-ZS90 BIGK BN EFEAR pH T A FIFE 5B Zeta HAV . SR A LG 2R AR 2 { (BET) X 4
sty 18 Ll 2 TR LS RFLAR 2 A A 5D 5, 308 R R A it 2 0 2 b e ) FL 285 DA B ALY
1.3 AL SRSt

FREL 0. 03 g MBMO #48H JITA 100 mL & As #WH B TR (25 °C 180 r/min) U 5 h J HUke,
0. 22 pm JEREITESSIE As WREE . SR As WREE % 0. 2,0. 4.0. 6.,0. 8.1. 0 mg/L. ¥14f pH 435
H4.5.6.7.8.9, AEHIEFHR SOT (PO \SiIO5 .CO; Cl LARFEREEH 0.0.2%0.1%6.2%0.5%.10 % , B 5%
FIRHEEAREXT As W FFHECRAGEEM , AR AT 0. 1 mol i NaOH ¥ FHAE BN As W2 BSR4
1.4 ®HENE

KT As YR BE R AL T RIF 96 EE T (AFS-830) M . AL g8 45y« 7 785 R, 280 Vs AT H,
W70 mA; R AL AR TR L 200 °C ;2 S FE600 mL/min; kS e, 800 mL/min; As UFRUE T2k
WYL 0~20 pg/L.,

2 #ERE5HE

2.1 HEMEAEYENEEEST

ETERRREPELIE 1, B TEM 437 o] 0. ME 3228 B A 3 A28 Bl 90 B 4% (R 1)) s i MBMO
IR PN 2 I T8 VRN SS S e I 02548 . > BMOE 1(b)), BMO HZWREBES Y LS A HIN, {H RE
AR b 22 AW BRHE 25, B T IRBREK HR Y AsCID .

(1.3-) MBMO

B 1 @itEpE TEM K
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G X HHZRAT ST (XRD) AT %1 (] 2) . BMO 3047 B A9 AT S 78 20 4 12,5 F1 22, 5°HHEA 2
AR GEIE  Z IR ZE S 5-MnO, Z5)l, MF AT H BLAE 20 4 30.35.55 F1 63° BRI 43 BT 1
SR Fes O BURFAE, WRIE BT Z A Bl A #EYE . 1 MBMO BIATSTI6 S ME (1R AR —20, 065 B A 1k
A BN, H T BMO BB 2451 Fe, O, A H AU K et .

i THRFE MF fil MBMO #7941 5% R0 B BE A, 251718
BZEAMERE T, 018 3 () B s, 35K 573 em ! Bt
IR A HE i MBMO B9 2R &A1 8RS A Fe—O 471
1126 cm ™" BfF 3T (IS A C—O M4 38 80 X5 7F 1400
em ' BRFT HS BRI L I A0 T BB T Min—O
) AR IR 3 A 51633 em ! BT AY RIS S C— C W
FEMPAEIR S X 5 3440 em ™" BRI A WCHT S N—H g ) fif ! [ BMO
AiPRBIIX, TR BMO Fr & AP NH, 94 i 30 A L -
VSN B2 X LiE E reri

3 (b) AR R WA 1M1 2 . MBMO At MF (19 P Y
T [0 2 1 R e D 1 S T 2R R AEAE RE I PR 4, MBMO L
FIME RN REAL R S5 ME M LA T d e, 2958 79. 7X10° A/
m. EE RN MO 5 Fe, O, 14548 T bHEHI BEHE. 1020 30 40 50 60 70 80
[, A T T 6 10 MIBMO 173 R A5 250l 61T 4385 2
AR A AR R 2 ETER LY XRD

K 3Ce) WRETER B Zeta HLFZE . MBMO 7& pH— 1—Fe; O, # 13-0458; 2—Fe,; O, # 99-0073; 3—

3. 0~10. 0 BHEHE 6 L, 22 0 Hh 1o pH<"3. 0; 1if BMO & 4 Fe, 0, #0271035;4—Mn()2#18707802;5an()2 £
B pHT—4. 8, pIT IS TR R L 85 pHl A, A 04-0378; 6—Fe, 0, # 13—04?8 @ Mn,0, # 13-
R X 0162; 7—Fe, O, # 99-0073 @ MnO, # 05-0331;
ﬁﬂ: BMO, MBMO EI’(J Zeta %{Eﬁﬁjﬂ:WI}Hﬂ(‘# As( ]]1 ) ° 8—Fe,0, # 03-0862 @ MnO, # 04-0779; 9—

ME #I MBMO () BB 2R ALAR ST AP 3CdD ) s sio@in0, 2 050331
ffi7r. MBMO 9 BET b, FL2 3 LA 5 5 ok
91.229 8 m®/g.0.025 77 cm®/g.6. 335 8 nm, B = T MF, %8RI 0% BB M 45 0248 5 Langmuir TV Y
AW G B B A7 — BB R W B 1 B0, P i B AT - 15 5 3K U B 407 22 B0 A B 355 Sl B () - £
PRI TR . ZEAAXS R38R P/ P 3/ W & b 488 7E P/ P, =>0. 6 B I bk 1 7, B A1k
LR D A AL L it — R AR T A FLAE R . MILEI & MBMO ) Fe AU K, MBMO
XF As (RSO B4,

2.2 #EEEEYMSAEIT KR ERER

MBMO XA R As B9 RBRRAE 4 Frs. B 4 o] AL 4K As ¥R 0.2.,0.4.0. 6.0. 8 Al
1. 0 mg/L i, MBMO Xf As 1954510 95. 86% . 89. 86% .81. 43% ., 73. 48 % F1 61.92% ., HiM. Al
L. MBMO X As A R AF W EHERE, 7T TR H As MBI 2Bk, SRR A A9 F5E AT 1, BMO X 1. 0
mg/L As BIEFRFEN 66. 08 % AL - MBMO Xt As B LR 52 A1, 7] 0L, BMO BA @itk )5 If
RE B ER M As ) EBRHE,

2.3 A% pH XTREHE 4 B RS 2 BR 7K Hh e Y B2 0

pH JE W BRI H A — AN FEESE R pH AGE IR MBMO Z 18 HL Rk 23 B2 As i IRAEIR
A, WTsZ I MBMO X As 9 25B8% . WKl 5 s, G pH (E T & W 2s B3, 24 pH=4 i},
As I EBRFRAUH 63. 44 %10 pH HEAINZE 9 BF, As B BRRIRFIH A, N 93.04% ., pH ZE4bXT As LBR%F
F M A 85 MBMO Zeta LA A XK., K 3(o) X & B, MBMO 19 Zeta BV {H 2 KT BMO HY,
MBMO s ff B, Wl bR MBMO 1] DL 2 # H B As, 385 As BT Ff250%.

MBMO

o —
-
o0 —=
N
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(c) Zetadi fif () BET
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E 3 MBMO f bk
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o9 U

80 | ; /T

FRE/%

) % % 7@607/ /T

2.4 HEBTRIBENEEEMEMEERRK PR
FIRKAR S % AEAEAF AR Z R0 B 1 AR LR 0, DR B9 17K b i DL I 88 - LA R R 2 X MBMO
WeRE As PERERGSZNE, WNIET 6 BT7R

@D 10e=79.6 A/m



108 H OB M T K ¥ ¥R $45 &

100 100
— — - - N
sol| TN 7z ﬁg = 80 -
i = N =il =
£ 601 = | = = = | s 60f
4 = N — — = M
& = — = =| &
o401 — — = — 40
200 = = = = 20|
0 — — — = 0
so* PO’ Sio* cox cr 0 0.2% 1% 2% 5% 10%
HEETF £
(a) LHFE T (b) £

[ 10;2220.1 mmol/L; 1 mmol/L;=—310 mmol/L
6 FAFE T LEERXT As EBRFBA I

& 6Ca) AL, Cl R BE N 0.1.1.10 mmol/L i}, As AUERFRD B K 97. 42%.97. 21%.97. 03%, 5
XFHRALIY 95. 89 Yol AT i k22 5, UHHILAE CL I AN &g As IR AR . 47 SOT Fit COT 22k
BAELA 3,24 SO F1 COZ YEEEH 0.1.1.10 mmo/L I As 1R 2405k 85. 45 % ~87. 35 % Fil
86. 73%~88. 1%, B HRALFEAR 5% i Aq . LLAh, 347 POT A1 SIO5 B W &M As M) LER=R,
FLBEE WP, As B ZSBRF B FE T, 24 POT AN 0.1.1.10 mmol/L B, As 1 ZBRFE 5510
59. 78%.56.01%.50. 16 % ; SIO%™ ¥R 0.1.1.10 mmo/L B}, As 1 £ B R4 84.39%.72.79% .
62.12% ., A7 POT 1 SIOF ZFrLAXT As (19 2B Z 52 0 3K, AT B8 5 0 it R AR A7 7E 5 4 W B s 2 A
XL X G TTE T S5 R R B PO WE N 10 mmol/L i, As 192558 3 th 0 B 40 1Y
95. 89 Yo% % 50. 16 %

EREXT As LBRFEM 2w an & 6 (b)
. MEREEH 0. 2% BN ZE 5% R, As 1% T
B 53 51k 97.65% . 95. 922 . 96.09% ol i
95.93% , SXTIAL A WEZE T . [CHEhE
FEINZE 10000) As B9 5 BRAFEE 93. 560, 2 6ot
AN BRLH AR 2. 34 % AT WL, SEPREREE % i
EEFWREIFAS B EZ W As B LFRX, 40
ARG, —
2.5 HWHEYMSAERMTRINES AT 20+
At
HIE 7 7T H1L, 78 0. 1 mol/L NaOH &k 0 ) ‘ ) ‘ 3
W2 58 B 1t A2 ey, MBMO 4T3 3R 55 41 14 B FRUEAR

W BFHPE R T AT 1~3 UK, As IO HRK 7 REGEFRRET MBMO X As B BCR R0
A 95.89%6.93.57%.86. 76%. 3 K

AP - MBMO X As (9022 BRABCRAT AT IR 3 8096 LA T 150 B 32 % BRAA R 16 P A= 478 B 4 RE A%
L

3 it

1) R il s 4% T REYEAE W A AL EE (MBMO) L 2087 T MBMO [ 48) BAL 22 45 1E 75 513 4 R
EUA R ARG MR RE L AT SEEE MBMO R 2325 [R5
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2) MBMO XEKH AsCID BA B AW HERE, 24 AsCIDRILRREE A 0. 2 me/L B, @E1EA P4
ferxt AsCID I KBRFN 95. 86 % ;s HBHE VIR HILG pH M3, AsCID Y 25 bR R Bl = 8 5

3) M Cl #EEH 0.1~10 mmol/L.ERETE 0. 2% ~5% i, MBMO %F AsCIlD By £ R A B 355
Wi A7 POL BN SIOF B2 B 52 M i i W BRERICR  ELIRE 2 TR B2 (A 385 1m 25 B R FAIK 5

4) 0.1 mol/L NaOH W ARESE I MBMO A G 3 WE AsCID R BRFBIE 80V LA 1, Bik
M5 - MBMO J&—Fh R0 i As 5 YR 16 52 4= kRt
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