hE ISR 2025,45(3): 1341~1350 China Environmental Science

2100 M 28 e B K BN SRR I k) Sb TR EEAL R [J]. bR ERSERFE, 2025,45(3):1341-1350.
Li W X, Chen M Q, Liu Y A, et al. The influence of the formation of iron minerals at the interface of birnessite on the migration and transformation of Sb [J].
China Environmental Science, 2025,45(3):1341-1350.

IKEMSRAT R E SR I AT Sb T EE LB In

2l s L RMETT K025 LR 2 (L R T KRB R S TR AR TN 5100065 2 B FTEL TSR ER 5
REVR# B, 2R [ 510006)

TE: ARG T /KINVED (MnOo) FHH A Y01 T X B (Sb) EREEAT A 1 S AEA3 31 Fe-Mn —JCAUL#)(Fe-MnO,) LRI T VF 2 Btki4) A
FE MFLL . HRTEM Rl XRD 4347 9,458 75 MnO, L (W BURLA) h K™ AE MO, I SN ) 458 T %3 Sb(I)AN Sb(V)I¥W fif k. Fe-MnO,
X Sb(ID)F Sb(V) 1Rt 12t 43 51 47 397.4,247. 7mg/g, 37 T MnO, Xf Sb(IIL)F1 Sb(V) 1 [f i 44 % B 15 (342.0,71.8mg/g). fb 2= 45 45 & SbT)FIT Sh(V)[H &
A S TR PR B TE Sb(V) AT A e A4 T 2 H KR B3PI T Sb IUITAE 2. MnO, 7E Sb(IID) i) Sb(V) AL H R 35 T B IS 1 H.
AHFFAIBER T Fe-Mn GRS, T HLAT B T35 IR Sb EREE P IRIT B AL AT 4.

KA KW BRWERG B ITB. i

PESES: X53 XHRFRIRES: A XEHS: 1000-6923(2025)03-1341-10

The influence of the formation of iron minerals at the interface of birnessite on the migration and transformation of Sb. LI
Wan-xia', CHEN Mei-qing'", LIU Yi-an!, WU Ping-xiao® (1.School of Environmental Science and Engineering, Guangdong
University of Technology, Guangzhou 510006, China; 2.School of Environment and Energy, South China University of Technology,
Guangzhou 510006, China). China Environmental Science, 2025,45(3): 1341~1350

Abstract: The effects of the formation of iron minerals at the interface of birnessite (MnO,) on the environmental behavior of
antimony (Sb) were systematically studied in this paper. Many nanoparticles and abundant pore structure was found on the obtained
Fe-Mn binary oxide (Fe-MnO,). HRTEM and XRD analysis indicated that the nanoparticles anchored on MnO, was ferrihydrite. The
iron minerals formed on MnO, enhanced adsorption performance for Sb(IIl) and Sb(V). The adsorption capacities of Sb(III) and
Sb(V) by Fe-MnO, were 397.4 and 247.7mg/g, respectively, which was much higher than that of MnO, for Sb(IIl) and Sb(V)
immobilization (342.0 and 71.8mg/g). The chemical bond complexation was the dominant mechanism for Sb(IIl) and Sb(V)
immobilization. The electrostatic adsorption played an important role in Sb(V) immobilization. The ferrihydrite made a significant
contribution for reducing the mobility of Sb. MnO, played the critical role in the transformation of Sb(Ill) to Sb(V). This study not
only reveals the formation mechanism of Fe-Mn binary oxide, but also helps to further understand the migration and transformation
behavior of Sb in the environment.

Key words: birnessite; iron minerals formation; antimony; migration; transformation
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Table 1  Pore structural features of MnO, and Fe-MnO,

FE b FeRmA (m¥g)  FALE (A) LA (em’/g)

MnO, 159.8 10.7 0.43
Fe-MnO; 669.6 3.5 0.59
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Fig.4 Immobilization efficiency of Sb(III) and Sb(V) for
Fe-MnO, with different Fe/Mn molar ratios
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Fig.5 Effect of reaction time for Sb(IIl) and Sb(V)adsorption
on MnQO, and Fe-MnO,
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Table 2 The kinetic model parameters for Sb(IIT) and Sb(V)
adsorption on MnO, and Fe-MnO,

HE— 23 J)F AL HE 23 )y i
fah RY g, ki > qe klg/ R
(mg/g) (min") (mg/g) (mgmin)]
Sbmy - - - - - -
Sb(V) 140 0.9 088 149 0086 0.628
Sb(ll) 868 033 0746  80.1  0.004 0.948

Fe-MnO,
Sb(V) 521 0.81 0.888 570  0.0135 0.985
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R R 58 754 Freundlich B8, 3% %6 W E X AHAY,
PR 2 Sb(IT)/Sb(V)L5 A it 22 18] ) 32 EEAH HLAE
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Table 3 The adsorption isotherms model parameters for
Sb(I1I) and Sb(V) adsorption on MnO, and Fe-MnO,

Langmuir 7% Freundlich f5%!

AT HRY g, Ky ) Ke 2
(mg/g) (L'mg) (mg/g)
MiO Sb(Il) 342.0 0.158 0.990 305.6 2232 0.994
nU;
Sb(V) 71.8 0.006 0.910 854 20.78 0.994
Sb(I) 397.4 0.012 0997 351.1 10.49 0.999
Fe-MnO,
Sb(V) 247.7 0.007 0.775 1857 17.89 0.997

2.3 MnO, ST YL SENT Sb IRAF 12 1
HLEE

2.3.1  pH {HIRISEM S AR RSE T A H 2R
pH B 1 T R R EE <2 s IO AE TS B
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T 5 ) A L A O o e R e R R T PR A A
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e 2k E, O o 7 3 1T (Fe—MinO,) A3 5 i (1) 6 H A/ 1T,
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