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ABSTRACT

A Study on the Removal of Phosporous Using Mg(II) Ion

Sang-Woo, Lee
Advisor : Prof. Dae-Yewn, Shin Ph. D.
Department of Environmental Engineering

Graduate school of Chosun University

Main purpose of this study has been to obtain the optimum conditions for
removing phosphorus from a waste water in a chemical way, by using Mg2+
ion. Study reached the following conclusion by applying different conditions,
which influence on the formation of struvite, i.e. pH, molecule ratio of Mg2+ to
NH; and the temperature. The optimum condition for precipitating struvite
was found by examining the precipitate and pH and mole ratio of
precipitator in recovery of struvite from filtrate.

Optimum pH is "9” at the temperature of 40 ~70C and Optimum molecule
ratio of Mg : N : P is 20 : 1.0 : 1.0.

Settlement was proved to be a struvite by XRD analysis
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Table 1. Theoretical composition of metal ammonium phosphate

Compound Color Mol. Wt. % N % P2Os | % Metal | % Ignition loss
MgNH/PO, - 6H20 | White | 2454 5.71 28.92 9.91* 54.65
MgNH4PO4 - H2O | White | 1554 9.02 4569 | 15.65° 28.36
FeNH4PO4 - H2O | Green | 186.9 7.50 37.98 29.89 19.29
ZnNH4PO4 - H2O | White | 1784 7.85 39.79 36.65 14.60
MnNH4PO; - H20 Pink 186.0 7.53 38.16 29.53 23.68
CuNH4PO4 « H20 Blue 194.6 7.20 36.48 32.66 22.64
CoNH4PO, - H:O | Purple | 190.0 7.37 37.36 31.03 23.25
(NH2)3[P(Mo3O10)4] | Yellow | 1876.5 2.24 3.78 61.36 4.16

* g 16.43% MgO, b : 29.95% MgO

Table 2. Present conditions of Japanese technology

Company Country Wastewater Remark
Kurita Japan Sewage Digester effluent

Nishilhara Japan Sewage Digester effluent
JLiiy Japan Sewage Digester effluent
Unitika Japan Sewage Digester effluent
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(growth)s} Al Ht}.

Nucleation¥} g & Sdo2RY AAHS AAsE FAHoli, growthe °]=E 9]
A7 ZEW(crystal surface)2 2 oS 5 A ZA A (crystal lattice) W2 3 F 3¢
AAR ol AAE HAS =,

S M9 seed crystal FE=7F & 74 $ol = nucleation® growth”7} FA]o] o]

=1, o]2 spontaneous <4 homogeneous crystallization®]#}al 3t} Crystal =

7} =& ALolE growth7} crystallization AL A ujEm  ©o]Z  homogeneous
crystallizationo] 2t a1 g}’ o2l sk AA = F9 o Z7o] wel kineticso] 2ehAl
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Table 3. Calculated solubility products at different temperature

Temperature(C) pKp* K g
25 13.12+0.05 758x10"
35 12.97+0.03 1.07x10"
38 12.94+0.06 1.15x10 "
45 12.84+0.03 1.44x10"

* pKop* = —1og[<Mg2*><NH4*><Po43*>]
wx Korer = [(Mg?)(NH,)(POS )]
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AAs = MgOE H7Mgo=zxAe AAE & vk A" AAL AAA T
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Table 4. Composition of MAP from wastewater

Parameter(%) P20s MgO N Ca K
MAP practical 30.6 18.1 49 1.6 0.3
MAP theoritical 285 16.4 5.7 - -
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Table 5. Effect of Mg®* concentration on the removal of PO~ — P
from solution accompanied with struvite precipitation

(unit : mg/l, %)

Mg”' PO, -P NH; -N
Initial | Crystal | Removal | Initial | Crystal | Removal | Initial | Crystal | Removal
conc. | conc. eff. conc. | conc. eff. conc. | conc. eff.

E-1 [ 348.56 | 276.83 | 79.42 |450.45|439.14 | 97.49 |527.93 | 492.75 | 93.34
E-2 | 522.84 | 385.97 | 73.82 |450.45|441.67 | 98.05 |527.93| 494.84 | 93.73
E-3| 69712 | 426.67 | 61.21 |450.45|448.16 | 99.49 |527.93| 491.88 | 93.17
E-4 | 871.40 | 481.58 | 55.26 |450.45|450.45 | 100.00 |527.93| 495.88 | 93.93

E-51(1,045.68| 510.21 | 48.79 |450.45|441.31 | 97.97 |527.93| 496.33 | 94.01
E-611,394.23| 492.31 | 35.31 |450.45|444.01 | 98.57 |527.93| 485.44 | 91.95

R S S J— —

80 1

Removalrate(%)
(@))
o

40 ¢ —— Mg
— PO4P
20 —A— NHAN
0
im 1.5m 2m 2.5m 3m 4m
(E-1) (E-2) (E-3) (E-4) (E-5) (E-6)

MgClz6H0(m)

Fig. 5. Efficiency of phosphate in filtrate after struvite

crystallization with magnesium addition.
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Fig. 6. The XRD diffractrogram of crystallized precipitate of E—3
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Fig. 7. The XRD diffractrogram of crystallized precipitate of E—4.
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Table 6. Effect of NHs* ion concentration on the removal of PO~ — P

from solution accompanied with struvite precipitation

(unit : mg/l, %)

NH; -N Mg” PO, -P
Initial | Crystal |Removal| Initial | Crystal |Removal| Initial | Crystal | Removal
conc. | conc. eff. conc. | conc. eff. conc. | conc. eff.
H-1 39240 | 363.02 | 9251 [697.30|373.12| 5351 [450.45| 43958 | 97.59
H-2 | 523.21 | 489.38 | 93.53 [697.30|414.46 | 59.44 |450.45( 440.71 97.84
H-3 | 784.81 | 75783 | 96.56 |[697.30 51456 | 73.79 |450.45|449.27 | 99.74
H-4 11046.4211024.99| 97.95 |[697.30|507.29 | 7275 |450.45|449.69 | 99.83
H-5 |1308.03|1277.67| 97.68 [697.30|510.92 | 73.27 |450.45|449.69 | 99.83
0 1
A& [
R A— 4 —4
k]
& r
©
>
°
Eo
o —— Mg PO —A—NHN
Z) |
0
751 10m 15m 20 2om
(H1) H2 H3) (H4) HDH)
NH,
Fig. 8. Efficiency of phosphate in filtrate after struvite

crystallization with ammonia—N addition.
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Fig. 9. The XRD diffractrogram of crystallized precipitate of H—3
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Fig. 10. The XRD diffractrogram of crystallized precipitate of H—4.
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Fig. 11. The XRD diffractrogram of crystallized precipitate of |—1.
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B. &% W& S AA

PO,-P, NH N ¥ Mgl AA&E neldte, 248 44& FEd7] A9
AR S ewE 40~70C2 HTHT, 53 Mg 9] AAEEL Fig. 194 25T
7

3 QA ARE wac

Table 7. Effect of temperature on the removal of PO, —P from solution

accompanied with struvite precipitation

Mg” PO4-P NH,-N
Initial | Crystal | Removal | Initial | Crystal | Removal | Initial | Crystal | Removal
conc. | conc. eff. conc. | conc. eff. conc. | conc. eff.

30C | 691.96 | 453.30 | 65.51 |450.45| 442.04 | 98.13 |[523.21 | 482.27 | 92.18
40C | 691.96 | 439.98 | 63.58 |450.45| 444.67 | 98.72 |[523.21 | 499.34 | 95.44
50T | 691.96 | 453.43 | 65.53 |450.45| 44251 | 98.24 |523.21| 493.05 [ 94.23
60C | 691.96 | 91.11 | 13.17 |450.45]| 44524 | 98.84 |523.21| 490.61 | 93.77
70C | 691.96 | 520.31 | 75.19 |450.45| 441.06 [ 97.92 |[523.21 | 488.05 | 93.28
80T | 691.96 | 528.79 | 76.42 |450.45| 442.69 [ 98.28 |[523.21 | 475.12 | 90.81
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Fig. 12. Efficiency of phosphate in filtrate after struvite

crystallization with temperature.
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Fig. 13. The XRD diffractrogram of crystallized precipitate of G—2.
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Table 8. Effect of pH on the removal of PO, —P from solution accompanied
with struvite precipitation
Mg PO4-P NH4-N
Initial |Crystal|Removal| Initial | Crystal | Removal| Initial | Crystal | Removal
conc. | conc. eff. conc. | conc. eff. conc. conc. eff.
pH 8.0 |697.30(520.78| 74.69 |450.45 449.07- 532.66 | 490.86 | 92.15
pH 85 |697.30(585.67| 83.99 [450.45| 448.64 [ 99.60 | 532.66 | 489.46 | 91.89
pH 9.0 |1697.30(609.85| 87.46 |450.45| 448.38 [ 99.54 | 532.66 | 512.92 | 96.29
pH 95 |697.30(581.02| 83.32 [450.45| 44756 | 99.36 | 532.66 | 509.30 | 95.61
pH 10.01697.30|657.44| 94.28 [450.45| 447.17 | 99.27 | 532.66 | 513.03 -
pH 10.5]697.30|674.88 | 96.78 [450.45| 44563 | 9893 [ 532.66 [ 508.59 | 95.48
pH 11.01697.30|1684.62| 98.18 [450.45| 441.85| 98.09 | 532.66 | 512.99 | 96.31
100 r | .
8.0
2
[0)
EGO.CO
®
3
EQQ r +ND
[]
o
- PO4-P
200
—— NHI-N
0
pB oB5 o g®] pHR.5 pHI0 pHI05 pHI
(=) (-2 (-3 (- (- (-0 ()
pH

Fig. 14. Efficiency of phosphate in filtrate after struvite

crystallization with pH variation.
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Fig. 15. The XRD diffractrogram of crystallized precipitate of 1—1.
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Fig. 16. The XRD diffractrogram of crystallized precipitate of 1—2.
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