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INTRODUCTION

Phosphorus is one of the key essential elements in modern
agriculture. Along with nitrogen and potassium, phosphorus fertilizer is
one of the three most common agricultural fertilizers. Carbonate
apatite, an important component of phosphate rock, is necessary for
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mineral is a non-renewable ore. This study explores the possibility of e ey [ SRS s £ Figure 4b. Light microscopy images of precipitates of different
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wastewater sludge. E;;@?_L__ | [ L (NaF-treated sludge)

The available phosphate concentration in anaerobically digested s T el I ] 2 ] e | R [ e [T 9

municipal wastewater is low. To reduce phosphate concentrations of T m.u:gégcﬁm - : 5 .
treated water that is released to the environment, municipal -[-;D-"* ] et v sermcza + 3 ;
wastewater treatment plants add iron chloride in order to precipitate [ o vy = =i 2 ! g5 e

iron phosphate. It has been showed that following the addition of con T e B S sy 0 | %

sodium-fluoride, inorganic phosphate is re-released in solution. This re- " v : j -

released phosphate is available for precipitation in this study. el ': EW , y

.

cosenERaTION |4 iy e X e i
Using colorimetry, those phosphate concentrations were measured | _ —.  canore
: : : e e | v Figure 5. Raman shifts of hydroxyapatite (Hap) (a: red, b: fushia)
and recorded for a range of sodium fluoride concentrations, from 200- I e [ gd o 5‘ : ryaroxyap b P A : I’ :
: M : M _—— SEWER _ RO FICKARD EMVIRCNMEMT ! n : x rlm n r I I : : r r o
400 mM NaF After separation of solids by centrifugation, these iR eSS st Smnonet 4 experiment precipitates (a: blue, b: other colours)
phosphate-rich solutions were mixed with a dissolved calcium
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diffraction peaks of 95/5
and 90/10 crystallization
products. A large number
of iron-and calcium-
phosphate minerals are
| possible precipitates.

apatite. Final phosphate and calcium concentrations are reported. Wastewater Treatment Process Flow Diagram
Municipal wastewater constitutes a promising source of recyclable
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* Phosphate concentration was measured with the vanadomolybdate 0 o 100 200 300 400 500 Byl mcrza.smg Ithc.a qualntlty of NaF added, the amount of inorganic phosphate re-
colorimetric assay (yellow) (De Haas et al.) released In solution plateaus . L .
. [NaF] mM A 200 mM NaF phosphate solution was chosen for crystallization experiments
* From the known standard concentration ladder, a standard slope of .. . . .
. . . . . . " A reduction in calcium and phosphate concentration from what is expected by
absorbance was plotted and used to determine concentrations of samples Figure 2. Phosphate concentration in mM following NaF addition R - . .
. . . . . dilution indicates that precipitate containing calcium and phosphate was formed
(Figure la: example calcium assay, Figure |b, example phosphate assay) at concentrations ranging from 200 to 400 mM NaF. (Figures 4,5 a, b)
. o Cale _ 5 5 Preliminary Raman (Figure 5) and XRD (Figure 6) data suggest that a calcium iron
Figure la: Calcium =, =, phosphate hydrate mineral (anapaite), amorphous calcium phosphate, iron
‘C’3 ‘;3 phosphate, iron fluoride and apatite precipitated from solution.
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Calcium carbonate solution and batch crystallization Figure 3. Calcium and phosphate concentrations in solution as the was supported and funded by the Undergraduate Research Opportunity

» Potable water was mixed with fines sieved from a bag of “limestone Program at the university of Ottawa.

fines” procured from Renot Depot
* 100 % carbon dioxide gas was bubbled into the mixture for 30 minutes.
This reduced the pH and enhanced CaCQO, dissolution (Egs. | and 2)
H,0 4+ C0, » HCO; + H™ (Eq. )
CaCO35) — Ca*t + C05~ (Eq.2)
e Ca? and HCOj rich solution was syphoned from the reactor and
immediately mixed with the phosphate solutions at different ratios

percentage of calcium (a) and phosphate (b) solution increases.
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Batch crystallization Ca:P ratio 50/50 Ca:P ratio 60/40 Ca:P ratio 70/30

* The calcium carbonate solutions and phosphate solutions were mixed at
different ratios in a final volume of 50 mL and crystallized for 9 days.
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Figure 4a. Light microscopy images for different ratios of calcium
solution (Ca-HCO;) and phosphate solution (NaF-treated sludge)




