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Eutrophication

Algae Growth Autocatalytic Reaction

Algae + Sunlight + CO2 + P + Other Nutrients �

More Algae + O2

Phosphorus is the limiting nutrient



Eutrophication

Photo credit: Chartiers Creek Watershed Association, 2013



Eutrophication

Photo Credit- Ezra G. Tischler, 2015



Bethlehem Wastewater Treatment 

Plant Flow Sheet

Alum Treatment 

and Phosphorus 

Precipitation

Nutrient

Removal



Bethlehem Secondary Wastewater 

Treatment Plant Sample Composition

Compound Concentration (mg/L)

Phosphate-Phosphorus ≈ 5

Nitrate-Nitrogen ≈ 30

Sulfate ≈ 30

Chloride ≈ 70

Parameter Value

pH 7.0

Conductivity 950 μS



Phosphate Removal by Conventional

Chemical Precipitation
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HAIX-NanoZr Synthesis

HIX-NanoZr



HAIX-NanoZr Design

Cation exchanger 

with negatively

charged sulfonic

acid groups as

the host resin.

Anion exchanger 

with positively

charged quaternary 

ammonium 

groups as the host 

resin.

The synergy of highly durable polymer support, Donnan

Membrane Principle, and zirconium oxide nanoparticles



Zr(IV) Oxide Nanoparticles for Phosphate Removal 

from

SO4
2-

Cl-

Solid  | Interface | Water

Monodentate Inner Sphere Complex:

(Coulombic + LAB* Interaction)

Bidentate Inner Sphere Complex: 

(Coulombic + LAB* Interaction)

Monodentate Inner Sphere Complex: 

(Only LAB* Interaction)

Outer Sphere Complexes:

(Negligible Coulombic Interaction)

*LAB= Lewis Acid Base 

Lewis 

Acid

Lewis Base

H2PO4־

non-ionized monodentate ligands

ZrOH2

ZrOH2

ZrOH2

ZrOH2

ZrOH2

ZrOH2

ZrOH2

ZrOH

ZrOH

P

O

O
O

H

O

H

P

O

O
O

H
O

ZrOH2

ZrOH2



HIX-NanoZr

http://www.drinkwellsystems.com



HIX-NanoZr Ion Exchange 

Process for Removal

Phosphate, Nitrate

NO3־

Cl־



Phosphate Removal:

Hydrated Fe(III) Oxide: Role of 

Ion-Exchanger Support

Influent Conditions

CI- = 90 mg/L

HCO3
- = 100 mg/L

SO4
2- = 120 mg/L

HPO4
2- = 100 ug/L

pH = [7-7.5]

Experimental Conditions

SLV = 2.53 m/h

EBCT = 2.2 min



Testing HAIX-Zr and WAC and HAIX-Zr

with Wastewater Sample from 

Bethlehem WWTP in Bethlehem, PA 



Phosphate Effluent History 

with HIX-Zr Column
Influent
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Nitrate Effluent History

with HIX-Zr Column
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Effluent Breakthrough History

Effluent Nitrate-Nitrogen

Effluent Phosphate-Phosphorus
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HIX-NanoZr Characterization: EDX
The dual functionality of HIX-NanoZr is clearly visible with Lewis Acid-

Base interactions with the outer layer of ZrO2 and ion exchange 

throughout the bead.

ZrOH2 ⁺

ZrOH2 ⁺



HIX-NanoZr Characterization: EDX
The dual functionality of HIX-NanoZr is clearly visible with Lewis Acid-

Base interactions with the outer layer of ZrO2 and ion exchange 

throughout the bead.

ZrOH2 ⁺

ZrOH2 ⁺



Phosphorus Regeneration for 

HIX Column

Phosphate free 

water
Phosphate loaded 

water



Phosphorus Regeneration for 

HIX Column
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Regeneration Solution:  5% NH4OH and 5% NaCl



Nitrate Regeneration for 

HIX Column

RN(CH3)3Cl + NO3¯ � RN(CH3)3NO3¯ + Cl־
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Nitrate Regeneration for 

HIX Column

Regeneration Solution:  5% NH4OH and 5% NaCl
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Phosphorus Recovery as Struvite

• Applicable as slow release 

fertilizer

• Process to create           

struvite 
o Regenerated with NH4OH

o Added stoichiometric 

MgCl2 to regenerant

NH4MgPO4·6H2O



Future Work:
Denitrification by Selectivity

Effluent 

Nitrate-Nitrogen

Effluent 

Phosphate-Phosphorus
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Future Work: 
Denitrificaton by Ion Exchange Bioreactor
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Thank you for your time.

Questions?


