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Adsorption  capacity  of  phosphonates  and  regenerability  of  iron
hydroxide granules and iron oxide coated filter materials

The present  work  contains  studies on  the  capacity  of  iron  hydroxides  granules  and iron  oxide  coated  filter
materials in removing phosphonates from wastewaters by adsorption, their capacity for being regenerated and the
feasibility  of  using  them  in  water  treatment  applications.  The  investigations  were  done  mainly  with  the
phosphonate Nitrilotris(methylene phosphonic acid) [NTMP], but also included orthophosphate [o-PO4] and the
phosphonates  2-Phosphonobutane-1,2,4-tricarboxylic  acid  [PBTC],  1-Hydroxyethane-1,1-diphosphonic  acid
[HEDP], Ethylenediamine tetra(methylene phosphonic acid) [EDTMP] and Diethylenetriamine penta(methylene
phosphonic acid) [DTPMP] in synthetic solutions consisting of a pure water matrix spiked with the P-compounds
in-vestigated and buffered with organic buffers.

The notable growth in the consumption of phosphonates in the last decades has gained great relevance due to
potential environmental problems that could arise when they reach the receiving waterbodies. Additionally, the
interferences of these compounds in the normal operation of wastewater treatment plants and the compliance of
legal  limits  of  phosphorus  discharge  in  the  environment,  call  for  new  approaches  in  order  to  remove
phosphonates effectively from the wastewaters.
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A possible approach for their removal is by adsorption onto polar iron (hydr)oxide materials due to their polar
characteristics. For this reason, the iron hydroxide granules (FerroSorp RW, FerroSorp Plus, Double P+S and
K24 Phosphatbinder), together with iron oxide coated granular activated carbon (nFe-GAC) and two iron oxide
coated sands (IOCS-1 and IOCS-2) were investigated. Firstly, the different psychochemical properties of these
materials were determined, including their surface topography, specific surface, bulk density,  density,  point of
zero  charge  and  grain  size  distribution.  Following,  adsorption  experiments  were  carried  out  under  different
conditions - varying parameters such as the contact  time, the dosage of adsorbent,  the temperature, the pH
value,  the  P-compounds  present  in  the  solutions  -  in  order  to  evaluate  their  performance  based  on  their
adsorption kinetics, adsorption isotherms, pH adsorption edge graphs and regenerability.

Among  all  the  materials  investigated,  FerroSorp  RW  showed  the  best  adsorption  performance,  because  it
achieved the highest loading (0.55 mg/g at pH 4.0-6.0) and showed the fastest adsorption interactions (97 %
elimination of NTMP after 60 min at pH 6.1-7.2). The material nFe-GAC followed (0.33 mg/g at pH 3.7-4.3). It was
observed that the iron oxide coating on the raw activated carbon and the quartz sand increased considerably their
adsorption  capacity  (0.33,  0.01,  0.14  mg/g  at  pH  3.7-4.3  for  nFe-GAC,  IOCS-1  and  IOCS-2  respectively).
Additionally, the results showed that the adsorption process was more effective at lower pH values and at higher
water temperatures, which indicates that the adsorption process of NTMP onto the materials investigated was an
endothermic  mechanism.  Furthermore,  the  adsorption  was  hindered  by  increasing  number  of  phosphonate
groups present in the P-compounds: o-PO4 (0) > PBTC (1) > HEDP (2) > NTMP (3) > EDTMP (4) > DTPMP (5).
Moreover, the materials FerroSorp RW and nFe-GAC showed good regenerability, as they could be loaded with
NTMP and unloaded using 1 M NaOH solution for a total of five cycles, maintaining good adsorption capacities.

This  allowed  to  determine  which  are  the  best  materials  to  adsorb  and  remove  phosphonates  from  the
wastewaters, and under which conditions they work best. Recommendations are given for their future use and
further investigations.
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