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A Waterflows from agriculture,e.g.,
A Drainage water originating from tile drained
agriculturalfields
A Greenhouseeffluent

['H contain phosphateamounts of unusedfertilizers
['H abovethe standardlimits for surfacewater

Proposedsolution:

Adsorption technology using Al and Fe based P-
adsorbingmaterials Iron CoatedSand(ICS) Vito A
andB,DiaPure

Relevantresearchquestion:

What about the saturated adsorption materialt
shouldit simplybe disposedof assolidwaste?When
Isrecovery/regeneratiomecommended?

Integration of P-adsorbing
material in a circular process
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Prospectdor P-recovery:.
A Themainobjectives
A Regeneration of the saturated sorbents
making it reusable In several
adsorption/desorptiorcylcesand
A Recoveryof phosphorus by precipitation or
useddirectlywith irrigation water asfertilizer .

A Thereusabilityof the granulesis as important (or
evenmore)than recoveringphosphate

A Different desorption reagents inorganic anc
organic acids, chelating agents and alkaline
solutions,are alreadyproposedin the literature

A A desorption processusingan alkaline solution is
proposedwithout harmingthe adsorbingmaterial

Integration of P-adsorbing
material in a circular process
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Theoreticalbasis

A Theinfluenceof initial pHon the adsorptioncapacityg, for ICS
A Adsorption/desorption are balancing processesuntil an equilibrium is
reached!
A pH8.7 = pH,,(Pointof ZeroCharge) 14 — 14
=final pHisequalto the initial pH | X, A
A pHrangel - 8.7: highq, B A
A pHrange8.7 ¢ 13: low g, § 101 o 10
A pH>11the g, dropsconsiderably & [y e
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2 PR \A )
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Theoreticalbasis

A Liet al. (2016): higherpH=the phosphateadsorptionis affectedby
A the electrostaticrepulsion(surfaceis negativelycharged)and
A increasingcompetitive effect of h |1 fons for the active siteson the

sorbent
A =decreaseddsorptioncapacity
% POint Of ZerO Charge
Outer sphere — 8 7

Desorption

Inner sphere ) 7 | ( )
H H Lewis acid-base
lon exchange \ / l I interaction
2Po4 T 2P04 (I) Q (l) 0-
(©) /
e~ 1\;[ / \9\l\fl / oH-> 1\I1 /N I\IA
| A | |

Li, M., Liu, J., Xu, Y., Qian, G., 2016. Phosphate adsorption on metal oxides and
metal hydroxides: A comparative review. Environ. Rev. 24¢&32
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C

OAdsorption material (ICS) is completely saturated
Jd G >0.1 @ day 180regeneration of ICS is needed
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Desorption Phase: Day 180
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Regeneration of the saturated
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Intermittent regeneration of ICS
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1. Batchdesorptionexperiments 5g of pre-
dried saturated ICS was brought into
contactwith NaOHsolution
Variableparameters
A NaOHconcentration

(1-0.5-0.1- 0.01- 0.001M),
A Desorptiontime (5min-48h)
A Solid/liquidratio (S/L=0.03-1 g/mL)

2. Continuousfilter desorptionexperiment
1 liter of NaOHsolution was recirculated
over an adsorptioncolumnfilled with 128
g of saturatediCSgranules

3. Analysisof the samples Liquids PQ-P
determination by ion chromatography
after .45 um filtration. Solidgrains SEM
EDX
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A The composition of 1 g of saturated ICS 2 " T amum esomion cavsciy @ i vaor
granules was determined by a complete ¢ °]
destruction of the granules by Aqua Regii - °|
and ICP analysis: 2 4
A Phosphorus: 15.30 #.25 mg P/g DS § ]
=1.5%P ol o o n L |
A Iron: 590.7 +/8.7 mg Fe/g DS59%Fe S
mC=1M mC=05M eC=01M
A Figure 1A minimum desorption tiMe of 22 .., ... s crenser s s

hours and a NaOH concentration of 8.1 ™
1M is necessary to ensure a sufficiently
high desorption efficiency.

-

o = N W & O N o0 o Q
_ oy

| *maximum desorption capacity @ 1M NaOH

A Figure 2 The solid over liquid ratio (S/L
expressed in g/mL) has a pronounced eff
on desorption efficiency. An S/L lower tha
0.10 g/mL is recommended.

Desorption capacity (mg PO4-P/g DS)

1.00 050 0.20 0.10 007 005 003
S/L (g/mL)

aC=1M mC=05M mC=0,1M

Figure 2: Influence of solid/liquid ratio.
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A Figure 3Continuous desorption filter
experiments show that only a
concentration of 0.5 and 1M NaOH lead to

| *maximum desorption capacity @ 1M NaOH

.

N W A N OO

Desorption capacity (mg PO4-P/g DS)

a desired desorption of phosphorus from _
the ICS granule. At least 24 hours I
desorption time must be provided. R
20 e 40 60

*C=1M «C=0,5M AC=0,1M

A Figure 4During the first hour of the | | e
continuous desorption experiment only 0.4 eiorteNeor conceraionon desosion capaciy
mg P/g DS and 0.9 mg P/g DS can be
leached for a NaOH concentration of 0.5
and 1M respectively. A concentration of

[=) -
[=-] o

Desorption capacity (mg PO4-P/g DS)

06
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02]ee*
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Figure 4: The progress of the desorption during the first hour
of the continuous filter desorption experiment
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A Energydispersive Xay (EDX) Analysis with a Scanning Electron
Microscope (SEM) of saturated ICS from two column experiments.

W SEMEDX,, SEMEDX
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Figure 5: Adsorption column experiments on-tdale (influent P concentration = 25 mg,H¥L)
with EBCT=5.5 h (a) and EBCT= 0.5 h (b)

A Figure 5The breakthrough curve of column experiments with an Empty Bed
Contact Time (EBCT)®b hand0.5 hresults in a breakthrough time 480
days and 7 daysespectively.
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A Energydispersive Xay (EDX) Analysis with a Scanning Electron
Microscope (SEM) of saturated ICS from two column experiments.

A Figure 6 SEMEDX of saturated ICS of column experiment EBCT of
0.5 h The phosphate is mainly adsorbed at the outer layers of granul

polished ICS granules
embedded in a resin

SEM HV: 30.0 kV WD: 31.67 mm SEM HV: 30.0 kV WD: 31.67 mm
View field: 4.16 mm Det: SE View field: 4.16 mm Det: SE
SEM MAG: 133 x  Date(m/dly): 01/20/17 erformance in nanospace SEM MAG: 133 x  Date(m/dly): 01/20/17
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A

A

Energydispersive Xay (EDX) Analysis with a Scanning Electron
Microscope (SEM) of saturated ICS from two column experiments.

Figure 7.SEMEDX of saturated ICS of column experiment WBCT of
5.5 h phosphorous is accumulated at the sand core of the granule =
phosphorous migrates towards the core of the granule.

t e tP analysis by EDX




