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Results

Synthetic minerals
BET surface area 

 

(m2/g)
%Co(III)

CoOOH 59.83 100

Pure Goethite 52.18 0

4.4% Co‐Goethite 87.46 72

7.2% Co‐Goethite 57.65 78

10.4% Co‐Goethite 61.89 91
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Heterogenite (CoOOH) and four Co‐substituted goethites

 

(Co‐Goethite) with different  Co 

 

concentrations 

 

were 

 

synthesized 

 

and 

 

characterized 

 

for morphology, 

 

phase, 

 

surface 

 

area, 

 

and Co oxidation number . 

Figure 1. Stacked, normalized 

 

Co 

 

K‐edge 

 

XANES 

 

spectra 

 

of 

 

Co‐goethites

 

for oxidation state feature. The fitting results 

 

are the sum of two standards. Co(III) is the dominant state 

 

in all synthetic Co‐goethites.

Figure 

 

2. 

 

TEM 

 

images 

 

of 

 

(A) 

 

platy‐like 

 

heterogenite and (B) Co‐goethite. All Co‐

 

goethites

 

are 

 

needle‐like 

 

particles 

 

without distinct morphology.

A

B

Experimental Methods
Batch experiments:
• For the dissolution of heterogenite (CoOOH) particles
in 100 μM DFOB solution.

• Experiments were conducted at 25 ◦C and pH = 5, 6,
7, 8, and 9

• Samples were taken every 10 ‐

 

15 min and measured
by UV‐visible spectroscopy for Co(III)HDFOB+. 

• Fast initial dissolution rates were determined by
plotting [Co(III)HDFOB+] against dissolution time.

Figure 

 

3. 

 

DFOB‐promoted 

 

dissolution 

 

rates 

 

of 

 

CoOOH 

 

as 

 

a 

 

function 

 

of 

 

pH. 

 

Dissolution 

 

undergoes 

 

pH‐

 

dependent 

 

mechanisms, 

 

with 

 

dominant 

 

ligand‐promoted 

 

pathway 

 

at 

 

neutral 

 

to 

 

alkaline 

 

pH, 

 

and 

 

dominant reductive pathway at acidic pH.

 Total Fe dissolution rates of Co‐goethites  as a function of pH
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DFOB‐promoted 

 

dissolution 

 

mechanism 

 

of 

 

Co‐bearing 

 

minerals 

 

depends 

 

on 

 

pH 

 

of 

 

solution, 

 

with 

 

dominant 

 

ligand‐promoted 

 

pathway 

 

at 

 

neutral 

 

to 

 

alkaline 

 

pH, 

 

and significant reductive pathway at acidic pH.

Both 

 

Co 

 

and 

 

Fe 

 

dissolution 

 

rates 

 

increase 

 

with 

 

increasing 

 

Co 

 

substitution 

 

concentration, suggesting more labile crystal structure in the presence of DFOB.

Results imply an active role of siderophores in the biogeochemical cycling of Co 

 

in terrestrial environments, which may increase the risks of 60Co mobilization.

Figure 4. DFOB‐promoted total Co dissolution rates of Co‐substituted goethites

 

as a function of pH. 

Figure 

 

5.   Total 

 

Co 

 

dissolution 

 

rates 

 

of 

 

heterogenite 

 

or 

 

Co‐substituted 

 

goethites

 

as 

 

a 

 

function 

 

of 

 

Co 

 

concentration 

 

in 

 

synthetic 

 

minerals. 

 

Data 

 

was 

 

plotted 

 

on 

 

log‐log 

 

scale 

 

in 

 

this 

 

figure. 

 

Results 

 

shows 

 

correlation between logarithm of total dissolution rates and logarithm of Co concentration.

Figure 6. DFOB‐promoted total Fe dissolution rates of Co‐substituted goethites

 

as a function of pH. 

Fe total dissolution rates as a function of Fe concentration in Co‐
substituted goethites
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Figure 

 

7. 

 

Total 

 

Fe 

 

dissolution 

 

rates 

 

of 

 

Co‐substituted 

 

goethites

 

as 

 

a 

 

function 

 

of 

 

Fe 

 

concentration 

 

in 

 

synthetic 

 

minerals. 

 

Plot 

 

shows 

 

the 

 

trend 

 

that 

 

increasing 

 

Co 

 

impurity 

 

in 

 

goethite 

 

also 

 

raises 

 

the 

 

Fe 

 

dissolution rates at all pHs.

Cobalt 

 

plays 

 

a 

 

dual 

 

role 

 

in 

 

the 

 

environment 

 

as 

 

both 

 

an 

 

essential

 

trace 

 

nutrient 

 

and 

 

a 

 

significant 

 

component 

 

of 

 

legacy 

 

radioactive 

 

waste 

 

(as 

 

the 

 

isotope 

 

60Co). 

 

Recent 

 

studies 

 

suggest 

 

that 

 

trihydroxamate 

 

siderophore 

 

desferrioxamine

 

B 

 

(DFOB), 

 

a 

 

biogenic 

 

chelator

 

with 

 

high 

 

affinity 

 

for 

 

Fe(III) 

 

that 

 

increases 

 

the 

 

bioavailability 

 

of 

 

iron, 

 

also 

 

forms 

 

exceptionally 

 

stable 

 

aqueous

 

complex 

 

with 

 

Co(III). 

 

The 

 

fate, 

 

transport, 

 

and 

 

bioavailability 

 

of 

 

cobalt 

 

in 

 

terrestrial 

 

environments 

 

thus 

 

may 

 

be 

 

strongly 

 

coupled 

 

to 

 

siderophores. 

 

Siderophore‐

 

promoted 

 

dissolution 

 

of 

 

Co(III)‐bearing 

 

minerals 

 

is 

 

one 

 

mechanism 

 

that 

 

may 

 

mobilize 

 

cobalt, 

 

but 

 

the 

 

biogeochemical 

 

process 

 

is 

 

largely 

 

unexplored. 

 

To 

 

investigate this 

 

mechanism, we 

 

measured 

 

the 

 

dissolution 

 

rates 

 

of

 

heterogenite 

 

(CoOOH) 

 

as 

 

a 

 

function 

 

of 

 

pH 

 

in 

 

the 

 

presence 

 

of 

 

DFOB 

 

by 

 

batch 

 

experiments. 

 

Reductive Co dissolution was observed at 

 

acidic 

 

pH 

 

but 

 

not 

 

at circumneutral

 

to 

 

basic 

 

pH, 

 

indicating 

 

pH‐dependent 

 

dissolution 

 

pathways. 

 

In 

 

addition, 

 

we 

 

conducted 

 

flow‐through 

 

experiments 

 

to 

 

examine 

 

the 

 

dissolution 

 

rates 

 

of 

 

synthetic 

 

Co‐substituted 

 

goethites

 

in 

 

the 

 

presence 

 

of 

 

DFOB. 

 

Total 

 

dissolution 

 

rates 

 

of 

 

both 

 

Fe 

 

and 

 

Co 

 

increased 

 

as 

 

the 

 

Co 

 

substitution 

 

concentration 

 

increased. These results pose a potential risk of mobilization of radioactive 60Co 

 

to surface waters, aquifers, and soil systems in the area with large concentration 

 

of siderophore.

Abstract

Introduction

Objectives

• To determine  the dissolution rates and mechanisms of Co‐bearing minerals in       
the presence of the siderophore Desferrioxamine

 

B (DFOB) as a function of pH

• To study the effects of Co substitution for Fe in goethite on

 

siderophore 
mediated Fe solubilization

Siderophores 

Dissolution 

 

of 

 

metal 

 

oxides 

 

by 

 

siderophores 

 

favors 

 

a 

 

ligand‐promoted

 

dissolution 

 

mechanism, 

 

although 

 

a 

 

reductive

 

mechanism 

 

may 

 

also 

 

be 

 

true 

 

as 

 

a 

 

result of electron transfer between surface metal and adsorbed ligands.

Siderophore –promoted dissolution

Iron 

 

deficiency 

 

often 

 

occurs 

 

in 

 

natural 

 

environments 

 

with 

 

oxic

 

condition 

 

and 

 

neutral 

 

to 

 

alkaline 

 

pH, 

 

such 

 

as 

 

calcareous 

 

soils 

 

and 

 

marine 

 

systems, 

 

due 

 

to 

 

the 

 

low solubility and slow dissolution rate of iron oxide minerals.

 

To overcome the 

 

low iron bioavailability, organisms produce and exude siderophores to facilitate 

 

iron solubilization. 

2MeOOH(s) + Sid Me-Sid + 2H O→

MeOOH(s) + Sid reduced-Me + oxidized-Sid→

Ligand-promoted mechanism:

Reductive mechanism:

* where Me

 

represents metal oxides or cations, sid

 

represents siderophore ligands

• Reported concentration of hydroxamate siderophores
in soil solutions and natural waters ranges from 
10‐7‐10‐8

 

M.

• Desferrioxamine

 

B (DFOB) is a common microbial 
siderophore in soils and natural waters. 

• DFOB is representative of a large class of siderophores,
the trihydroxamates.       

• Binding constant for Co(III) exceeds that for Fe(III)!
logKFe(III)HDFOB+ 

 

= 1032

 

logKCo(III)HDFOB+ 

 

= 1037

• Low‐molecular weight biogenic chelating agents with high affinity for Fe(III).
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Flow‐through experiments:
• For the dissolution of Co‐substituted goethite 
(Co‐FeOOH) particles loaded in continuous‐flow
stirred tank reactors (right picture). 

• Flow rate was controlled at 4 – 7 ml/hr; temperature
at 25 ◦C;  pH = 5, 7, and 9.

• Samples of effluent solutions from the bottom of the
reactors were taken once a day and measured by UV‐
visible spectroscopy and AAS / ICP‐EMS. 

• Steady‐state dissolution rate were reached after 400
hours of reaction. 

 Total Co dissolution rates of Co‐goethites  as a function of pH
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Siderophore promoted dissolution rate of CoOOH as a function of pH

y = ‐5.078E‐10x + 5.091E‐09

R
2
 = 0.983

0.00E+00

5.00E‐10

1.00E‐09

1.50E‐09

2.00E‐09

2.50E‐09

3.00E‐09

3.50E‐09

5 6 7 8 9
pH

D
is
so
lu
tio

n 
ra
te
/ 
m
ol
/(
m

2 .
s)

Ligand‐promoted

Total dissolution

Reductive‐promoted


	Slide Number 1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


