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ObjectivesObjectives

PreparationPreparation ofof magneticallymagnetically modifiedmodified clayclay mineralmineral by by 
twotwo waysways::

A)A) MagneticMagnetic modificationmodification ofof bentonitebentonite by by precipitationprecipitation
processprocess. . CompositeComposite ofof bentonitebentonite andand magnetitemagnetite

B)B) SynthesisSynthesis ofof maghemitemaghemite nanoparticlesnanoparticles termallytermally
inducedinduced oxidativeoxidative decompositiondecomposition ofof iron(II) iron(II) acetateacetate
andand mixedmixed themthem withwith bentonitebentonite in in waterwater ((fortransfortrans) ) 

CharacterizationCharacterization ofof propertiesproperties ofof nanoparticlesnanoparticles andand
compositescomposites by by MMöössbauerssbauer spectroscopyspectroscopy, XRD , XRD andand
TEMTEM
FindingFinding potentialpotential applicationsapplications ofof compositecomposite as as 
contrastcontrast agent for MRIagent for MRI



WhatWhat isis bentonitebentonite??
ItIt isis clayclay, , consistingconsisting ofof smectitesmectite mineralsminerals, , usuallyusually
MONTMORILLONITEMONTMORILLONITE
SmectitesSmectites are are sheetsheet silicatesilicate mineralsminerals withwith diameterdiameter upup to to 
22μμmm
LayersLayers havehave a a slightslight negative negative chargecharge, , thatthat isis
compensatedcompensated by by exchangeableexchangeable cationscations (Na(Na++oror CaCa2+2+))
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In the environment with high enough concentration of different In the environment with high enough concentration of different 
cationscations (e.g. Fe2+) (e.g. Fe2+) are original ions replaced by these new are original ions replaced by these new 
cationscations, , maintainimaintaininng charge balanceg charge balance



HowHow to to prepareprepare thethe compositecomposite A ?A ?
MagneticMagnetic modificationmodification ofof naturalnatural bentonitebentonite isis twotwo
step step processprocess::

I.I. ReplacingReplacing originaloriginal interlayerinterlayer cationscations by iron(II) by iron(II) 
ionsions andand adsorptionadsorption ofof anotheranother amountamount ofof iron (II) iron (II) 
ionsions on on thethe mineralmineral surfacesurface

II.II. ConversionConversion ofof iron(II) iron(II) cationscations to magnetiteto magnetite
III.III. DependingDepending on on thethe usedused weightweight ratioratio ofof bentonitebentonite

to iron to iron severalseveral samplessamples werewere obtainedobtained::

bentonitebentonite:iron:iron
SampleSample 1:0 1:0 –– purepure bentonitebentonite
SampleSample 20:120:1
SampleSample 5:15:1
SampleSample 1:21:2
SampleSample 0:1 0:1 –– purepure iron oxideiron oxide



Experiment A step by stepExperiment A step by step
1.1. PreparationPreparation ofof 0.5% w/v 0.5% w/v suspensionsuspension ofof bentonitebentonite in in 

distilleddistilled waterwater
2.2. MixingMixing thethe suspensionsuspension withwith solutionsolution ofof iron(II) iron(II) ionsions

(FeSO(FeSO44))
3.3. StirringStirring ofof mixturemixture for for twotwo hourshours
4.4. AddingAdding solutionssolutions ofof KNOKNO33 andand KOH, in KOH, in thisthis orderorder
5.5. HeatingHeating thethe mixturemixture upup to 90to 90°°CC
6.6. SlowSlow coolingcooling to to roomroom temperaturetemperature
7.7. SeparationSeparation ofof thethe productproduct andand dryingdrying on on thethe airair



MMöössbauerssbauer spectrumspectrum –– naturalnatural bentonitebentonite

NaturalNatural bentonitebentonite ((samplesample
1:0) 1:0) containscontains lowlow amountamount
ofof iron, iron, spectrumspectrum consistsconsists
ofof
FeFe2+2+ doubletdoublet ((δδ=1.22 =1.22 
mm/s, mm/s, ΔΔ=2.69 mm/s=2.69 mm/s))
andand
FeFe3+3+ doubletdoublet ((δδ=0.30 =0.30 
mm/s, mm/s, ΔΔ=0.60 mm/s=0.60 mm/s))

RT Mössbauer spectrum of bentonite

-10 -8 -6 -4 -2 0 2 4 6 8 10

velocity [mm/s]

tr
an

sm
is

si
on



MMöössbauerssbauer spectrumspectrum -- magnetitemagnetite

SpectrumSpectrum ofof samplesample 0:1 0:1 
verifiesverifies thatthat purepure
magnetite magnetite waswas preparedprepared..
SiteSite A A 
sextet sextet -- δδ=0.31 mm/s =0.31 mm/s 
ΔΔ=0 mm/s B=47.9 T=0 mm/s B=47.9 T
SiteSite BB
sextet sextet -- δδ=0.59 mm/s =0.59 mm/s 
ΔΔ=0 mm/s B=44.5 T=0 mm/s B=44.5 T

RT Mössbauer spectrum of sample 0:1
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MS, TEM MS, TEM andand XRD XRD characterizationcharacterization
compositecomposite AA

SpectrumSpectrum ofof samplesample 1:2 1:2 
consistsconsists ofof twotwo doubletsdoublets
andand twotwo sextetssextets
spectrumspectrum ofof samplesample 20:1 20:1 
consistsconsists ofof twotwo doubletsdoublets
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RT Mössbauer spectra of samples 20:1 and 1:2

TEM 1:2 and 20:1



MMöössbauerssbauer spectraspectra -- compositecomposite AA

HyperfineHyperfine parametersparameters
sample δFe

mm/s
ΔEQ

mm/s
BHF
T

RA
%

assignment

0.31 0.78 - 40.4 Superparamagnetic
magnetite

1.34 2.52 - 4.1 Interlayer Fe2+

0.51 - 43.1 43.9
0.31 - 47.6 11.6
0.33 0.76 - 52.1 Superparamagnetic

magnetite
1.30 2.57 - 11.8 Interlayer Fe2+

0.56 - 42.1 29.5
0.29 - 45.7 6.6
0.31 0.73 - 88.0 Superparamagnetic

magnetite

1.34 2.42 - 12.0 Interlayer Fe2+
20:1

magnetite

5:1

magnetite

1:2



MMöössbauerssbauer spectraspectra –– compositecomposite AA

SamplesSamples 20:1, 5:1 20:1, 5:1 andand 1:2 1:2 containcontain iron in iron in 
severalseveral statesstates::

I.I. InterlayerInterlayer cationscations FeFe 2+2+, , balancingbalancing thethe
negative negative chargecharge ofof mineralmineral layerslayers

II.II. MagneticallyMagnetically orderedordered magnetitemagnetite
III.III. SuperparamagneticallySuperparamagnetically orderedordered magnetitemagnetite

ProportionProportion ofof amountsamounts ofof magneticallymagnetically orderedordered
magnetite magnetite andand superparamagneticallysuperparamagnetically orderedordered
magnetite magnetite isis changingchanging in dependence on in dependence on 
bentonitebentonite/iron /iron weightweight ratioratio in in compositecomposite



HowHow to to prepareprepare thethe compositecomposite B ?B ?
-Synthesis of magnetic nanoparticles Fe-O-based by thermally induced
oxidative decomposition of iron(II) acetate

-Our precursor: Iron(II) acetate - (CH3COO)2Fe (Sigma Aldrich)

Synthesis : - the same kind of a ceramic bowl
- the same embankment of homogenized precursor: 1.2 g,
- thin layer of sample
- the oven LM 312.27 (LINN HIGH THERM)
- syntheses in air at 400 °C 

Preparation of mixture of bentonite and maghemite nanoparticles :

-Mixing 30 mg γ-Fe2O3 and 200 mg bentonite in 50 ml of Fortrans

-Drying in air



CharacterizationCharacterization ofof magneticmagnetic
nanoparticlesnanoparticles

RT Mössbauer spectrum of
maghemite synthesized at 400°C

Doublet: δ= 0.35 mm/s
∆EQ= 0.64 mm/s

sextet(blue):

δ= 0.27 mm/s, εQ = 0

XRD of the sample synthesized
at 400 °C

Only one
chemical phase: 

Maghemite

TEM picture of
maghemite

- narrow size distribution
- size of nanoparticles 20 nm



ContrastContrast agentsagents for MRIfor MRI

A lot A lot ofof agentsagents for MRI for MRI doesdoes existexist, , basedbased on on 
compoundscompounds ofof gadoliniumgadolinium (e.g. MAGNEVIST, (e.g. MAGNEVIST, 
DOTAREM), DOTAREM), manganesemanganese (e.g. TESLASCAN) (e.g. TESLASCAN) oror
iron (e.g. FERIDEX, RESOVIST)iron (e.g. FERIDEX, RESOVIST)
SpecialSpecial type type ofof themthem are oral are oral usedused contrastcontrast
agentsagents for MRI for MRI ofof gastrointestinalgastrointestinal (GI) (GI) tracttract
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In MRI, the signal intensity (SI) 
can be simplified in a spin-echo 
sequence by expression



ContrastContrast agentsagents for MRI for MRI ofof GI GI tracttract
IdealIdeal contrastcontrast agent agent shouldshould meetmeet these these criteriacriteria::

-- GoodGood patientpatient acceptanceacceptance
-- UniformUniform markingmarking ofof GI GI tracttract
-- UnchangedUnchanged characteristicscharacteristics ofof contrastcontrast effectseffects

whenwhen dilluteddilluted oror concentratedconcentrated throughoutthroughout thethe GI GI 
tracttract

-- No No absorptionabsorption ofof contrastcontrast materialmaterial intointo thethe
systemicsystemic circulationcirculation oror adjacentadjacent tissuestissues

-- CompleteComplete excretionexcretion ofof agent agent fromfrom GI GI tracttract
-- IncreasedIncreased sensitivity sensitivity andand specificityspecificity for for 

diagnosisdiagnosis
-- HighHigh marginmargin ofof safetysafety for for thethe lowestlowest effectiveeffective

dosedose
-- AcceptableAcceptable costcost



ContrastContrast agentsagents for MRI for MRI 
ofof GI GI tracttract

ExistingExisting oral oral contrastcontrast agentsagents basedbased on iron on iron 
compoundscompounds::

I.I. LUMIREM (LUMIREM (genericgeneric namename ferumoxilferumoxil) ) –– mademade by by 
GuerbetGuerbet. . ItIt isis a a suspensionsuspension ofof misciblemiscible
superparamagneticsuperparamagnetic particlesparticles mademade by by aggregatesaggregates ofof
maghemitemaghemite andand magnetite magnetite crystalscrystals, , coatedcoated withwith
siloxanesiloxane

II.II. ABDOSCAN (ABDOSCAN (genericgeneric namename ferristeneferristene) ) –– mademade by by 
NycomedNycomed--AmershamAmersham. . ItIt consistsconsists ofof
superparamagneticsuperparamagnetic ferrite ferrite crystalscrystals incorporatedincorporated intointo
monodispersemonodisperse polymer polymer particlesparticles



CouldCould ourour compositescomposites actact
as as contrastcontrast agent?agent?

NanoparticlesNanoparticles ofof magnetite magnetite oror maghemitemaghemite
guaranteeguarantee contrastcontrast effecteffect

BentoniteBentonite actact as as inertinert matrixmatrix preventingpreventing absorptionabsorption
ofof iron iron andand improvingimproving dispersiondispersion ofof iron oxide iron oxide 
particlesparticles

MontmorilloniteMontmorillonite isis usedused as as antidiarrhoeaantidiarrhoea
medicamentmedicament, iron oxide , iron oxide isis usedused as pigment in as pigment in somesome
comercialcomercial medicamentsmedicaments –– bothboth componentscomponents are are 
nonnon--toxictoxic

BothBoth componentscomponents are are lowlow--costcost



CouldCould ourour compositecomposite actact
as as contrastcontrast agent?agent?

MRI MRI picturespictures ofof samplessamples: T2 : T2 weightedweighted imagesimages
Lumirem

Bentonite-magnetite/maghemite



conclusionsconclusions

NewNew typestypes ofof compositescomposites werewere preparedprepared andand
characterisedcharacterised
MorphologyMorphology, , sizesize andand magneticmagnetic propertiesproperties are are 
determineddetermined by by mineralmineral--iron iron ratioratio in in thethe initialinitial
mixturemixture
NewNew compositescomposites werewere testedtested as negative MRI as negative MRI 
contrastcontrast agentagent
TheThe similarsimilar contrastcontrast withwith LUMIREM LUMIREM waswas
obtainedobtained
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