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Preparation of nano ferric oxide by biomineralization and

its adsorption to methylene blue
LI Qianwei, WANG Yuzhu,ZHANG Yuxin, CHEN Chunmao
(State Key Laboratory of Heavy Oil Processing , College of Chemical Engineering and Environment
China University of Petroleum ( Beijing ) , Beijing 102249 , China )

Abstract: Using urease-producing strains Klebsiella oxytoca (K. oxytoca) and Neurospora crassa(N. crassa) as tem-
plates, nano-magnetic iron oxide composites were prepared by biomineralization method. The composites were char-
acterized by scanning electron microscopy, X—ray energy spectrum, X—ray diffraction, BET specific surface area test
and magnetic tape regression, and their adsorption properties for methylene blue were studied. The results showed
that the prepared materials were mainly Fe,0,/C complex, spherical particles with a particle size of about 20 nm,
and showed good paramagnetic properties. The adsorption ability to methylene blue was as follows : Using K. oxytoca
as template, the nano-magnetic iron oxide composite containing 20 mmol/L. Fe’* had the best adsorption effect on
methylene blue, the adsorption rate is 69.8% , and the adsorption amount was 6.98 mg/g within 2 h. Using N. crassa
as template, the nano-magnetic iron oxide composite containing 10 mmol/L. Fe’* had a weak adsorption effect on
methylene blue, the adsorption rate was 47.2% , and the adsorption ability was 4.72 mg/g within 2 h.
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Fig. 1 SEM characterization results of materials prepared

with K. oxytoca as carrier
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Fig. 2 SEM characterization results of materials prepared
with NV. crassa as carrier
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Fig. 3 XRD characterization results of materials prepared
with K. oxytoca as carrier
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Fig. 4 XRD characterization results of materials prepared with
N. crassa as carrier
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Fig. 5 Isothermal desorption curve and pore size distribution of
magnetic nano—Fe,0, prepared by biomineralization method
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Fig.6 Hysteresis curves of magnetic nano-Fe,0,
prepared by biomineralization
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Fig. 7 Adsorption curves of magnetic nano—Fe,0,

prepared under different conditions

MIELT AT LA H Bl A W B A 18] % 36 i, 18
$E O, 2 W B ] S 60 miin B A T8 B 0 BT A
[Fi) BN Xk L P&T R 2% 2% W B it 28 R R, 2 7 AN [] 7 ok A=
ALV 25 A Fe, O, B4 4 5 W BT BE 77 958 55 < K. oxy-
toca 20 mmol/L. Fe**>K. oxytoca 10 mmol/L Fe**>N.

crassa 20 mmol/L. Fe*>N. crassa 10 mmol/L Fe**>N.
crassa JG Fe’>K. oxytoca JG Fe™ AN S H A K. oxy-
toca TE 20 mmol/L Fe™ 55 7~ il % (1Y Fe,0, #1 Kl 7E
60 min i 7T L 10 W 69.8% 9 . 11 3 05 K 5 T 4 75
FA I B 25 B 8, 3k 3R B DA O o 5 45 B 00 B4k X S H
B W FLAT 5 h i R B O

3 #ig

(1) 38 o A= W0 A7k B 4 T 9 K S fk Ak, il
MR Z BRI Z AL A5 K, B R/N AT, i
1o R M G, O B R

(2) 1l 8 i A4 ek EL A 205 ve 1) 43 PR RS 1 L ]
DAV 40 K 4k JBORE 5 1A 3R 5 B30 g 17 A A1 114 )
FL 7] B 2 PR A e e T R il R A B P g B AR
25 5 F FL KA v a3 B Ok

(3) 1 % (1) Fe, 0,44 B0 7 Y 3 5 HLA 4250 i
B

(4) AAS [ TR Bk A Sy 282 4 247 68 1 75 Fe, O, 41 L,
R BT AN ) A W B i . b, R K. oxytoca 7E
20 mmol/L Fe* Z5 1 T il £ 1Y Fe, O, B4 L XT M FH A 5
FA) PR o 2850 S B -, W B3 69.8% , 2 h I i ol 6.98
mg/g; FIH N. crassa 7E 10 mmol/L Fe* 5514 F i £ 19
Fe, 0, B4 Bk X 7 HY 5L W5 (1% W B 2000 40 59, W BT 2258
47.2%,2 h W fft it 4.72 me/g.

2% 3

(1] LA, i o, 2R, 45 Gl W 0 i 20 % b I €2 I i 1) BF 9
JE LO]. VO b A bR BE 3 2 54l AR BE 2, 2015, 43 (10)
103-113.

HUA Li, XIE Jingkun,ZHU Chao, et al. Advances in decolorization
and degradation of azo dyes by microorganisms [J]. Journal of
Northwest A & F University: Natural Science Edition, 2015,
43(10):103-113.

SHARMA V T, HALANUR M M, KAMATH S V, et al. Fe-Al

—
LS}
[t}

based nanocomposite reinforced hydrothermal carbon : Efficient and
robust absorbent for anionic dyes [J]. Chemosphere, 2020, 259:
127421.

EV A, B w4 F AL 55 . Bi,0,C0,/Fe,0, B VE & 45 W) 12 MR 5815
YeIf BRATR R [ T]. 4k Tk ,2021,40(6) :3515-3525.
YAN Xuegian, PEI Xiangjun, DU Jie, et al. Application of

[3

[

Bi,0,C0,/Fe,0, magnetic composite in environmental pollution con-
trol[ J]. Chemical Industry and Engineering Progress,2021,40(6) :
3515-3525.

[4] AFKHAMI A, SABER-TEHRANI M, BAGHERI H. Modified ma-



Tolk K AL HE 2022-03,42(3)

FHEH,F EMT NEH SN KAMK R T F & ENRA

[5

[}

[6

[t}

[8]

[9

—

[10]

[12]

ghemite nanoparticles as an efficient adsorbent for removing some
cationic dyes from aqueous solution[ J]. Desalination,2010,263(1/
2/3) :240-248.

WANG Zhihong, WU Zekun, ZHI Xujun, et al. TiO,/CTS/ATP ad-
sorbent modification and its application in adsorption—ultrafiltration
process for dye wastewater purification [ J]. Environmental Science
and Pollution Research,2021,28:59963-59973.

KHATAEE A, KARIMI A, AREFI-OSKOUI S, et al. Sonochemical
synthesis of Pr-doped ZnO nanoparticles for sonocatalytic degrada-
tion of Acid Red 17 [J].
371-381.

HASSAN H, SALAMA A, EL-ZIATY A K, et al. New chitosan/

Ultrasonics Sonochemistry, 2015, 22:

silica/zine oxide nanocomposite as adsorbent for dye removal [J].
International Journal of Biological Macromolecules, 2019, 131:
520-526.
FAN Honglei, LI Lei, ZHOU Shaofeng, et al. Continuous prepara-
tion of Fe,0, nanoparticles combined with surface modification by
L—cysteine and their application in heavy metal adsorption[J]. Ce-
ramics International ,2016,42(3) :4228-4237.
B E L BRSO . BEEE Fe,0,-CuO T B4 10 i 58 0 B
W st AOT[J]. BREERF,2020,41(4) : 1734-1742.
XU Jie, WANG Lin, CHEN Jiabing, et al. Degradation of AO7 by
magnetic Fe,0,-CuO heterogeneous activation of sodium percarbon-
ate[ J]. Environmental Science,2020,41(4) : 1734-1742.
T, A IE i S, AF L T RE P B 4Ok S B R 1 A K
T, BR8E T, 2015,33(10) :66-71.
YE Ming, WANG Gongzheng, SU Guimei, et al. Preparation and
application of functional magnetic nanocomposites [J]. Environ-
mental Engineering,2015,33(10) :66-71.
BACEL ORI L T . Fe,0, BEHE D KR T J JLA 9 5% 2
AR FE R[], AL T 3, 2017,36(3) : 973-980.
GAO Yuliang,ZHU Guangming, MA Tuotuo. Research progress of
Fe,0, magnetic nanoparticles and their biomedical applications[J].
Chemical Industry and Engineering Progress,2017,36(3) : 973-980.
VRS, W, S WEDE, 55 L 9K U A Ak = R 20 L BR K P i
PhCID) AN CrC D) B 7 (U] 36858 TR 27 4ie, 2013,7(9) : 3476
3482.
WANG Ting, GAO Ying, JIN Xiaoying, et al. Simultaneous removal

of Pb( Il ) and Cr( Il ) ions from water by nano ferric oxide[J].

[13]

[14]

[15]

[16]

[17

[

[TEZEBAN] FHEE (1987—

Chinese Journal of Environmental Engineering,2013,7(9) :3476-
3482.

BT, e AR A R T R i o A R HX K R
PO R MR (D] A TR, 2019,38(2) : 1113-1121.
GONG Xinhuai, XIN Meihua, LI Mingchun, et al. Magnetic re-
sponse of tea residue preparation and its adsorption of methylene
blue in aqueous solution [J]. Chemical Industry and Engineering
Progress,2019,38(2):1113-1121.

BOIETE XU AN L IR IE 75, 55 . {1 Fe O, 90K KL F M 45 D) ik
o B e o G i oK T R LD ). A Tk, 2017,36(5) : 1791~
1801.

DUAN Zhengyang, LIU Shuli, XU Xiaojun, et al. Preparation,
functionalization and application of magnetic Fe,0, nanoparticles
in heavy metal wastewater[ ] ]. Chemical Industry and Engineering
Progress,2017,36(5):1791-1801.

LI Q,CSETENYI L, GADD G M. Biomineralization of metal car-
bonates by Neurospora crassa[J]. Environmental Science & Tech-
nology,2014,48(24) : 14409-14416.

LI Qianwei, LIU Daoqing, CHEN Chunmao, et al. Experimental
and geochemical simulation of nickel carbonate mineral precipita-
tion by carbonate-laden ureolytic fungal culture supernatants[J].
Envrionmental Science: Nano,2019,6(6) : 1866—1875.
MRS, B AT X B, % . Fe,0,/CdTe BETETELAN K EZ AW
B 2R B IR UL A R K SERAE (] BRI, 2012, 26 (10) -
49-53.

CHEN Gong, WANG Xiuling, LIU Yongjian, et al. Synthesis and
characterization of Fe,0,/CdTe magnetic fluorescent nanocompos-
ites by progressive heteroagglutination method [J]. Materials Re-
ports,2012,26(10) : 49-53.

ZEEM AN, AR SF L MR S W XK b T
W BEE B HCHLBL ) ). b PR B2, 2016,36(6) : 1763-1772.
JIANG Debin, YU Jing, YE Zhixiang, et al. Adsorption of methylene
blue on water by magnetic nanocomposites and its mechanism[J].

China Environmental Science,2016,36(6):1763-1772.

DIRN B e  O  7 eR2s  [
wRAE & BREK
A H A7 A S0, E-mail : c.chen@cup.edu.cn,

E-mail: qianweili@cup. edu. ¢n,

[KFEEHE] 2021-12-01 (&2 k)



