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Abstract: Using synthetic swine wastewater bench-scale experiments were carried out to investigate the effects of pH varied initial
n(Ca) /n(P) molar ratio carbonate (COY) magnesium (Mg’") as well as coexistence of CO™ and Mg’" on calcium phosphate
(CP) precipitation for phosphorus removal. The composition of the obtained precipitate was analyzed and characterized by X-ray
diffraction (XRD). The results showed that with pH value of 8.0 and initial n(Ca) /n(P) of 3.33 through extending the reaction
time to 360 min the removal rate of phosphate could reach 92. 2% . Higher pH value and initial n (Ca) /n(P) were beneficial to
calcium phosphate precipitation. However with pH =10.0 and the initial n(Ca) /n(P) =3.33 these two factors had negligible
effects on the improvement of phosphate removal rate. At pH =9.0 the effects of the separately existing CO;i and Mg’" on the
precipitation of phosphate was very small with the phosphate removal rate keeping stable at 94. 1% averagely. The reaction of COﬁi
and Ca’" caused the formation of prior production of calcite (CaCO,) and reduced the purity of HAP. The coexisting of Mg’ made the
precipitate be transformed into amorphous calcium phosphate (ACP); through XRD analysis of the heat treated precipitate it was
found that Mg’ " incorporated into the calcium phosphate forming Mg-substituted whitlockite (Ca Mg), (P0O,), which changed the
structure of the precipitate. When CO2™ and Mg’* coexisted the interaction of CO:™ and Mg’* would be beneficial to calcium
phosphate precipitation with controlled CO3™ and Mg>* concentration and elevated solution pH value (=9.0).
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«c n
P (¢;)  0.645 mmol-L™'
1
n(Ca) /n(P) 3.33.
1.1
CaCl, » 2H,0. KH, PO, MgSO, * 2 000 mL 5.0 mol*L.”"" NaOH 5.0 mol-L ™"
6H,0  Na,CO, 0.538 HCl pH
mol+ L™ Ca’*. 0.323 mol*L "' PO} . 1.0 molL"" 6 h
Mg’ 0.5 mol-L™'CO>" NaOH  HCI pH
(£0.02)
1.2 €O, pH
(20 £0.5)C 5. 10, 30. 60. 120. 240. 360
(¢ 1. 1 000 r*min . min 5.0 mL.
1
Table 1  Major components of swine wastewater
. P Ca’* €o;~ Mg?* coD NH;
P /mgeL~! /mgeL~! Jmgel, ! /mgeL"! ImgeL~! /mgel,-!
6.74 ~7.15 19 ~26 76 ~111 498 ~736 38 ~59 2892 ~3168 132 ~ 156
1.3 (k)
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dt
B 20
. Brown * (1) rown
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J k :
c
— =-k - " 1
U x (¢, = ¢.) 1) k:Lx(L_L) )
t ¢, c,
de/dt k t (min) ¢, P
S Ce (mmol*L™") ¢, t p
-1 ) HAP (mmol*L™") . k L+ (mol*min) ~".
K, =4.7x10"" ¢ (10 "mol-L™") 1.4
¢, (10 *mol*L™"). c. (1) 0.45 pum
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p 60 min k 129.4 Le(mol*min) ~'
co:- p 9.0% 74.9 Le(molemin) "' (  2).
2 I
Table 2 Final solution concentrations and precipitation rate constant k
p Ca?* €o3" Mg®* k
/mmol=L " /mmol L~ /mmol 1~ /mmol+L ™! /mmol L~ /L (mol*min) '
co2- Mgt 0. 069 1.286 — — 216.8
2.5 0.101 0. 808 — — 129. 4
5.0 0. 120 0.793 — — 112.7
co3-
; 10.0 0. 140 0. 879 — — 88.3
15.0 0. 165 0.777 — — 74.9
2.5 0. 082 1.422 — 2.223 163.5
L 5.0 0. 100 1.471 — 4.387 139.3
Mg 10.0 0.127 1.533 — 9.129 105.7
15.0 0.172 1.504 — 13. 82 61.3
2.5 0.088 1.336 — 2.383 150.6
5.0 0.107 1. 451 — 4.808 112.7
co3~ Mgt 10.0 0.133 1. 449 — 9. 682 79.0
15.0 0.127 1.522 — 14. 341 67.6
1)pH =9.0; (20 £0.5)C
XRD ( 3 (o0 XRD
Mg®* 260 25.8°.28.3°,31.9° 34.0° ;. COi 15.0 mmol*L ™"
HAP 20 =25.0° 35.0° ACP
HAP. n(Ca) /n(P) =1.56( 3) ACP ACP HAP
HAP 1.67 Simpson ** Na K . Co;~
Ca n(Ca) /n(P) HAP n(Ca)/n(P) 2.7
1. 67. HAP Ferguson % pH 9.0 ~
XRD 20 = 11.0 . Song
34° HAP = pH CcOo;”  PO;”
(o0} 2.5 mmol*L™"  10.0 mmol*L "' ) co:-
HAP 20 28.3°  34.0° P HAP
co:" HAP
(a) FEMT (b) 550°CHin#3 h
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Fig.5 XRD spectra of precipitation product dried at room temperature and heated for 3 hours at 550°C

under different CO3~ concentrations at pH =9. 0
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3 n(Ca) /n(P)"
Table 3  Element percentage and n(Ca) /n(P) molar ratios in precipitated solid determined by chemical analysis
H P/% Ca/% Mg/ % Ca) /n(P
P n(Ca) /n(P) /mmol+L ™! Y are & n(Ca) In(P)
co3~ Mg 9.0 3.33 — 18.1 36.4 — 1.56
2.5 16.7 53.6 — 2.47
. 5.0 16. 4 54.4 — 2.56
CO;3 9.0 3.33
10.0 15.8 50. 8 — 2.52
15.0 15.5 53.9 — 2.71
2.5 17.7 29.2 6.7 1.28
, 5.0 17. 1 27.2 14.6 1.23
Mg * 9.0 3.33
10.0 16. 4 23.2 20.1 1. 11
15.0 14.9 26.1 28.8 1.35
2.5 17.1 32.4 2.9 1. 46
9.0 333 5.0 16.7 28.2 4.6 1.30
co;” Mg ' 10.0 15.5 28.2 7.7 141
15.0 14.9 25.2 16.8 1.31
1) (20 £0.5)C
2+
2.3 Mg 0.7£
¢, =0. 645 mmol L~ n(Ca) /n(P) —O— Mgh=0
06 - —B— Mg?* =2.5 mmol L™
=3.33 Mg** 12.5. 5.0, 10.0  15.0 : —A— Mg2* = 5.0 mmol-L™!
o = 05 —%— Mg> = 10.0 mmol-L"
mmol*L pH =9.0 g 04 —&— Mg?" = 15.0 mmol-L.™}
p B
X 03
6 Mgz + 2% M o>
&= 02 {
MgZ + P [=3
N N AV'd
RN 0.1 y A N A
13.9% k 163.5 Le(mol*min) i S g —¥
. . . -1 0 1 1 1 1 1 1
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o o
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Fig.7 XRD spectra of precipitation product dried at room temperature and heated for 3 hours at 550°C

under different Mg?* concentrations at pH =9.0
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g i
(Ca Mg)(PO,), n(Ca) In(P) £
1.23 ( 3). % 0.3
%
2.4 Cco:” Mg g 02 y
- 01 f 2%
¢, =0. 645 mmol L n(Ca) /n(P) 1 o5 B E —5
=3.33 O3~ Mg’ 2.5, 0 0 6I0 12|0 1§0 2210 3(|)0 36I0 420
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Fig.9 XRD spectra of precipitation product dried at room temperature and heated for 3 hours at

550°C under co-existence of CO3~ and Mg”>* at pH =9.0
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by the dissolved CO, degasification technique: Impact of the

4 1
Table 4 Change of ionic activity at different solution conditions
/mmol L~ 1%
/mmol+L ! Cco3~ Mg?* Cco3~ Mg *
2.5 0. 048 — — —
Cot- 5.0 0.123 — — —
’ 10.0 0.267 — — —
15.0 0. 406 — — —
2.5 — 1.217 — —
Mg 5.0 — 2.172 — —
10.0 — 3. 685 — —
15.0 — 4.920 — —
2.5 0. 042 1. 155 12.9 8.4
5.0 0. 104 1. 985 15.8 8.6
Mg** 10.0 0.212 3.232 20.9 12.3
15.0 0.307 4.210 24.5 14. 4
1)pH=9.0; (20 £0.5)C
airflow rate and pH J . Chemosphere 2009 74(2): 338-343.
4) pH=9.0 co;” Mg ’ - VAP
o Mg ‘ ] 2007 28(10) : 2223-2229. |
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