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Introduction

� exists in the -3, 0, +3 and +5 oxidation states; inorganic and 
organic compounds

� toxic and carcinogenic heavy metal

� applications:

Arsenic, As
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Arsenic in drinking water

� occurs naturally in groundwater

� guideline value in drinking water 10 ppb (0.01 mg/L) set by many
authorities, e.g., WHO, EC and US EPA

Introduction

http://www.iupac.org/publications/ci/2008/3004/2_garelick.html
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Arsenic in drinking water

Introduction

Eh-pH diagram for aqueous As species 
at 25ºC.
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Introduction

Removal of arsenic from drinking water

� US EPA Best Available Techniques (BATs):
• ion exchange
• adsorption (activated alumina)
• reverse osmosis
• modified coagulation/filtration
• modified lime softening

� limitations of conventional techniques
• high consumption of chemicals and large volume of sludge formation
• high operating and waste treatment costs
• with adsorbents the disadvantages are difficult separation (centrifuge or 

filtration), waste formation (both liquid and sludge) and in some cases 
poor adsorption capacity
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Nanoparticles

� diameter smaller than 100 nm

� originate naturally, as a by-product from anthropogenic sources or 
are engineered

� engineered nanoparticles
• physical and chemical synthesis methods

� there exists four polymorphs of Fe2O3, i.e. iron oxide exist in more 
than one form

• � - Fe2O3 (hematite, hcp)
• � - Fe2O3 

• � - Fe2O3 (maghemite, ccp)
• � - Fe2O3

Introduction
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Objectives

� synthesis by sol-gel method

� to study physical properties

Arsenate (As(V)) adsorption

� to determine adsorption capacity of maghemite with batch 
experiments

� to study the effect of interfering ions on removal efficiency

������

Maghemite nanoparticles
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Experimental results

� Sol-gel synthesis – inorganic route

(1) 2Fe3+ + Fe2+ +8NH3 + 4H2O  � Fe3O4 (s) + 8 NH4+

(2) 4 Fe3O4 (s) + O2 (g) � 6 � -Fe2O3 (s)

Synthesis and characterization of maghemite nanoparticles

� Characterization of maghemite

• XRD, X-ray diffraction – qualitative analysis
• TEM, transmission emission microscopy – surface morphology
• VSM, vibrating sample manometer – magnetic properties
• XPS, X-ray photoelectron spectroscopy – oxidation state
• BET, Gas adsorption analyzer – specific surface area
• Zeta potential analyzer – surface charge
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Experimental results
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Characterization of maghemite nanoparticles - XRD
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Experimental results
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Characterization of maghemite nanoparticles – FTIR 
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Experimental results

Characterization of maghemite nanoparticles – TEM

50 nm50 nm

Commercial maghemite
Scale bar of 50 nm

Sol-gel maghemite
Scale bar of 50 nm

3.6.2009 T.Tuutijärvi et al.Page 12



Enter your footer here��������������

Experimental results
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a literature value 60-80 emu/g (Schwertmann et al., The iron oxides: Structure, 
Properties, Reactions, Occurrence and Uses, 2nd ed. Wiley-VCH, 2000)
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Experimental results
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Experimental results

Adsorption of As(V) on maghemite nanoparticles

� batch experiments and a single component system for 
isotherm determination

� the initial As(V) concentrations 1000 -11 000 µg/L at pH 3, 5, 7 and 9
� sol-gel: 0.025 g / 250 mL of As(V)  
� commercial: 0.025 g / 100 mL of As(V)   
� separation by a magnet
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Experimental results

Experimental results
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� initial As(V) concentration 3000 µg/L, pH 5
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Experimental results

Experimental results
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Experimental results

Experimental results
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Experimental results

Adsorption of As(V) on maghemite nanoparticles – interfering ions
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Conclusion

� can be successfully synthesized by sol-gel method 

• have crystalline phase and cubic structure

� particle size have an effect on crystal packing, magnetic properties and 
specific surface area

� the particle size distribution of sol-gel maghemite is more even than 
commercial one

Arsenate (As(V)) adsorption

� �V�R�O���J�H�O���P�D�J�K�H�P�L�W�H �S�R�V�V�H�V�V���K�L�J�K�H�U���D�G�V�R�U�S�W�L�R�Q���F�D�S�D�F�L�W�\���D�W���D�O�O���V�W�X�G�L�H�G���S�+��
�Y�D�O�X�H�V���F�R�P�S�D�U�H�G���W�R���F�R�P�P�H�U�F�L�D�O���S�U�R�G�X�F�W��

• adsorption maxima decreased in agreement with pH and specific surface area 

� removal efficiency of As(V) 500 µg/L was not effected by studied 
interfering ions

Maghemite nanoparticles
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