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Accumulation of rare earth elements on biogenic iron oxides: implication for the
recovery of rare metals by biominerals
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To understand adsorptive ability of biogenic iron oxyhydroxides (BIOS) to
rare earth elements (REY), this study (i) measured the concentrations of REY in BIOS collected from
various environmental conditions and (ii) characterized mineralogical properties of BI0S. We show
that BIOS, especially those collected from groundwater discharge points, contained high
concentrations of REY. BIOS had a negative surface charge at environmental pH, suggesting that the
BIOS are electrostatically favorable for the accumulation of cationic REY.



eta., 2013

Biogenic iron oxyhydroxides: BIOS

Hein

e.g., Kennedy et al., 2011 BIOS
3000 Anderson & Pedersen, 2003
BIOS 1000mg/kg 0.1% REE+Y
Takahashi et al., 2007
BIOS
Kikuchi et al.,
2019 BIOS
BIOS
BIOS
BIOS
BIOS eg.,
Takahashi et al., 2005
BIOS
BIOS BIOS
3
1 BIOS
BIOS
BIOS 10 BIOS ,
BIOS 10
5 1 3 1
pH,
ICP-MS
2
i i i
BIOS
X FeK X
XAFS 1
BIOS2 BIOS1 0.01 M NaNOs3 BIOS
N> 0.1 M NaOH 0.1 M HNOs pH 3-10
BIOS EXAFS
3
BIOS
3 BIOS 0.5~
5% BIOS

BIOS 500



(@)) BIOS
10 BIOS 1722mg/lkg X~ REY
REE+Y BIOS
> REY 1000 mg/kg
> REY  400-2230 mg/kg Kato et a., 2011  BIOS
REY REY
BIOS BIOS BIOS
1/10-1/100
> REY BIOS BIOS
Ferrihydrite XRD XAFS
REY
Noack et al., 2014 REY
@)
K EXAFS
BIOS
BIOS
pHiep 8.0
BIOS 45-5.0
pH 6-8 BIOS
REY
REY BIOS REY
BIOS
Cs REY Kikuchi et a., 2019
REY
(©)
500 BIOS 12mgkg Z REY
BIOS
BIOS REY
BIOS ClFe > REY
1
> REY BIOS

1. HeinJ R, Mizell K., Koschinsky A., Conrad T. A., “Deep-ocean mineral depositsasa source of critical
metals for high- and green-technology applications: Comparison with land-based resources’, Ore
Geology Reviews, 51, 1-14, 2013.

2. Kennedy C. B., GaultA. G., Fortin D., Clark I. D., Ferris F. G., “Retention of lodide by Bacteriogenic
Iron Oxides”, Geomicrobiology Journal, 28, 387-395.

3. Anderson C. R., and Pedersen K., “In situ growth of Gallionella biofilms and partitioning of
lanthanides and actinides between biological material and ferric oxyhydroxides”, Geobioloby, 1, 169
178, 2003.

4. Takahashi Y., HirataT., ShimizuH., Ozaki T., and Fortin D., “A rare earth element signature of bacteria
in natural waters?”’, Chemical Geology, 244, 569-583, 2007.

5. Kikuchi S., KashiwabaraT., ShibuyaT., Takahashi Y., “Molecular-scale insightsinto differencesin the
adsorption of cesium and selenium on biogenic and abiogenic ferrihydrite”, Geochimica et
Cosmochimica Acta, 251, 1-14, 2019.

6. Takahashi Y., Chateller X., Hattori H., Kato K., Fortin D., “Adsorption of rare earth elements onto
bacterial walls and its implication for REE sorption onto natural microbial mats”, Chemical Geology,
219, 53-67, 2005.

7. KaoY., FujinagaK., NakamuraK., TakayaY., KitamuraK., Ohta J., TodaR., NakashimaT., Iwamori
H., “Deep-sea mud in the Pacific Ocean as a potential resource for rear-earth elements”’, Nature
geoscience, 4, 535-539, 2011.

8. Noack C. W., Dzombak D. A., KaramalidisA., “Rare earth element distributions and trends in natural
waters with a focus on groundwater”, Environmental Science & Technology, 48, 4317-4326.



3 3 0 2

Kikuchi Sakiko Shibuya Takazo 11

Thermodynamic Constraints on Smectite and Iron Oxide Formation at Gale Crater, Mars: Insights 2021

into Potential Free Energy from Aerobic Fe Oxidation in Lake Water-Groundwater Mixing Zone

Minerals 1 22
DOl

10.3390/min11040341

Usui A., Hino H., Suzushima D., Tomioka N., Suzuki Y., Sunamura M., Kato S., Kashiwabara T., 10

Kikuchi S., Uramoto G.-1., Suzuki K., Yamaoka K.

Modern precipitation of hydrogenetic ferromanganese minerals during on-site 15-year exposure 2020

tests

Scientific Reports 1-10
DOl

10.1038/s41598-020-60200-5

Kikuchi Sakiko Kashiwabara Teruhiko Shibuya Takazo Takahashi Yoshio 251

Molecular-scale insights into differences in the adsorption of cesium and selenium on biogenic 2019

and abiogenic ferrihydrite

Geochimica et Cosmochimica Acta 1 14

DOl
10.1016/j .gca.2019.02.001

JpGU-AGU Joint Meeting 2020

2020




44

2019




