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How many papers concerning arsenic removal
can you find?
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Why are there so 
many papers on 

this topic?



Arsenic contamination of groundwater
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The recommended limit 
of arsenic

concentration in 
drinkining water

(according to the WHO 
guidelines):

0.01 mg/L

!
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What material should I choose as an 
adsorbent?
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Commercially available material? 

Should I create a completely new material?

Let's take a commercially available adsorbent and 
modify it with lanthanide ions!

Not innovative!

A lot of adsorbents have already been 
synthesized!



Main targets
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Material: Ferrix A33E (Purolite, USA)

Structure: 

Polystyrene crosslinked with divinylbenzene

Infused with nano-sized particles of iron oxide

Appearance: Brown spherical beads

Functional groups: quaternary ammonium groups

Series of three papers



SEM analysis
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A33E

A33E-La(III)

A33E-La(III)-As(V)

nanoflakes
average diameter 800 nm



Point of zero charge pHPZC
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N2 adsorption/desorption study

10

0.0 0.2 0.4 0.6 0.8 1.0
0

20

40

60

80

100
ad

so
rb

ed
 q

ua
nt

ity
 (c

m
3 /

ST
P)

 

relative pressure (p/p0)

 A33E
 A33E-La(III)
 A33E-La(III)-As(V)

mesopores

SBET



XPS
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As3d high resolution spectra of A33E-As(V) (c) and A33E-La(III)-As(V) (d)

N1s high resolution spectra of A33E-As(V) (e) and A33E-La(III)-As(V) (f)

Fe2p high resolution spectra of A33E-As(V) (g) and A33E-La(III)-As(V) (h)

new La(III) peak



Effect of pH
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Effect of pH on adsorption of As(V) ions on A33E-La(III)
(c0 = 100 mg/dm3, pH range 4-11, mass 0.1 g, time 360 min;
temperature 295 K, shaking speed 180 rpm).

pH 6: 

arsenate(V) ions electrostatically attracted to the positively charged surface



Kinetic studies
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1) fast diffusion of As(V) ions from the bulk fluid phase to the external surface of A33E-La(III)
2) intraparticle diffusion process
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Adsorption equilibrium isotherms
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qexp 53.33 mg/g
(modified)

qexp 34.41 mg/g
(unmodified)

favourable
adsorption

better fit than
Langmuir

model

chemisorption

good fit
multilayer
adsorption

could not be 
excluded



Thermodynamic studies
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Conclusions
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 The lanthanum-modified iron oxide adsorbent was successfully obtained by adsorption of lanthanum(III)

ions on Ferrix A33E.

 The maximum sorption capacity towards As(V) ions increased from 34.41 to 53.33 mg/g.

 A33E-La(III) was characterized by better sorption capacities at the initial As(V) concentration 25, 50 and

100 mg/dm3.

 At optimal pH 6 the arsenate(V) ions were adsorbed through the formation of inner-sphere monodentate

or bidentate complexes as well as lanthanum arsenate precipitation.

 Even after 3 cycles of adsorption-desorption, A33E-La(III) had still larger As(V) adsorption than that of

A33E.

 The exceptional As(V) removal capability of lanthanum-modified A33E-La(III) leads to its potential

application for not expensive treatment of arsenic-contaminated water.



Thank you for your attention!
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