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2017 /Y Cu, Cd. Zn & BE¥E (BT wBi/Ki5TR) 209 ik 115, 1.21 1677 mg, J& TEI5§H
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Fig. 1 Phosphorus removal rate in the presence of
Cu*'/Cd*'/Zn*" and their inhibition rate to phosphorus removal
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Fig. 4 Removal rate of heavy metals with addition of Cu*", Cd*', Zn*" alone or together
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Table 1 Major supersaturated substances and their saturation indexes in the crystal system containing Cu®*

A Cu™ WG T #L(E
FuRiUkiIb7)rid
0 5mgL’ 10 mg-L™ 15mgL™! 20 mg-L™! 25mg-L™!
HAP 16.874 16.868 16.859 16.849 16.839 16.829
Ca,(PO,),(beta)* 5.769 5.764 5.758 5.752 5.746 5.739
Ca,H(PO,),-3H,0 5.158 5.149 5.141 5.132 5.123 5.114
Cu(OH), — 2.025 2.141 2.205 2.250 2.284
Cu,(OH);NO, — 0.562 1.093 1.397 1.611 1.775
Cu,(PO,), — 2.889 3.230 3.421 3.552 3.653
Cu,(OH),CI - 3.575 3.805 3.934 4.022 4.090
CuO (c)* — 3.640 3.756 3.820 3.865 3.899

T RRZIBON AR Z A, 555NN CRIFER 2 AR R R AL T A AR .

®2 FRAFARS CINEENTIEMDREERN LE

Table 2 Major supersaturated substances and their saturation indexes in the crystal system containing Cd*

RIECEHIGHEL T HL(E
FURiURiIE7)iid
0 5mgL™" 10 mg-L™ 15mgL™" 20 mg-L™! 25mg-L™!

HAP 16.874 16.844 16.814 16.784 16.511 16.726
Ca,(PO,),(beta)* 5.769 5.748 5.728 5.707 5.573 5.667
Ca,H(PO,),-3H,0 5.158 5.126 5.094 5.063 4.934 5.000
Cd,(PO,), — 4.294 5.184 5.699 6.208 6.339
Cd(OH), — — — — — 0.153

A FRZIPON R Z i, 5 ARAECRFRBZ MR Rz B T A AR .
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Table 3 Major supersaturated substances and their saturation indexes in the crystal system containing Zn*"

AR Zo* WA BE R 1 fE

FuR(RiIbY )i
0 5mgL™" 10 mg-L™" 15mg-L" 20 mg-L™! 25 mgL”!

HAP 16.874 16.814 16.771 16.722 16.703 16.676
Ca,(PO,), (beta) * 5.769 5.741 5.720 5.697 5.686 5.672
Ca,H(PO,),-3H,0 5.158 5.134 5.114 5.093 5.080 5.064
ZnO — 1.215 1.513 1.685 1.809 1.905
Zn(OH), (epsilon) * — 0.943 1.242 1.414 1.538 1.634
Zn,(PO,),"4H,0 — 5.267 6.211 6.785 7.166 7.473
Zn,(OH),Cl, — 1.749 3.309 4.243 4.910 5.438

W A FRZYIE R RZ A, 55 NN AR ER L IR R A —FoR i A T A AR
R4 BHEEMCe®, Cd¥. Zn*& 25mg L BREFAR
HEMYRRENE L E

J& BT AL, AR R 4l i 4 25 HAP (1949
i 25 1 (OH AP0 ) 177 AR il HAP 45 i o

2) B HLEE A % Cu¥. Cd¥. Zn¥' & 25
mg-L', HFE 4T, "I A TIE MR E
Z%: F& HAP. Cay(PO,),. CaHPO, %}, Cu*F %
JE B Cu(OH), & A K&k . Cuy(PO,), Fl CuO,
HAr ) CuO 5 1 EFR A Y Cu(OH), i 7K % 1k
1Mok U Cd* E 2B i Cdy(PO,),; Zn® £ B
¥ Zn(OH), KAHKEHIER . Zny(PO,), 4H50 Fil ZnO;
HA iy ZnO FERK P58 T 0] i Zn(OH), % 1k 1
KWL WA AGYH LETLER, 5
OHZAMESLBEMLEY R, CuOH), 1 I {H
K, Zn(OH), B I, HIRZ , CJA(OH), ) I {H+z
0, P OH # 5 5 Cur 456, HAKE Zn™,
5 C&ILPFASEE R HEVINE; SPO; &AM
FEERBALASYH, Zn(PO,),4H,0 1Y I 1§ &
K, Cdy(PO,), IRZ, Cuy(PO,), fi/Iv, i A PO,
W5 Zn™ 454G . HKE Cdf Cu™'s i,
Cd* 3= %3 1L 45 4 PO SR I il HAP B 45 &, 1M
Cu*Fl Zn™58 2f 5 PO} 5k OH 45 & >k 1 il HAP
() 4 8 o

M3 S AT, B GmeEr, POy -P Y
55 K = 15 89.361%, 1 [ AH Y n(Ca)/n(P) N
1.08, ik F 4E HAP ) n(Ca)/n(P)(1.67). X it B
PO} -P If K524 Ll HAP WL gk AR, E4
JE B GIABEAR T 45 AR R 0y - el . B
B AR & Cu®t. Cd*. Zn UL BE R 4 A
93.300%. 0 Fl 79.123%, % WA+ E 48

Table 4 All supersaturated substances and their saturation
indexes with joint addition of 25 mg-L™" Cu*', Cd*" and Zn**

A IfH SuKitEiIky/ ) 118
Cu,(OH),CI 4.168 HAP 16.478
Cay(PO,), (am1) * 1.678 CuO(am) * 3.007
Ca,(PO,), (am2) * 4.449 CuO(c) * 3.857
Cay(PO,), (beta) * 5.540 ZnO 1.905
Ca,H(PO,);3H,0 4.868 Zn(OH), (am) * 0.673
CaHPO, 0.140 Zn(OH), (beta) * 1.400
Cdy(PO,), 6.177 Zn(OH), (delta) * 1.559
Cd(OH), 0.026 Zn(OH), (epsilon) *  1.634
Cu(OH), 2.242 Zn(OH), (gamma) * 1.424
Cu,(OH),NO, 1.939 Zn,(OH),C1 0.071
Cuy(PO,), 3.640 Zn,(PO,),"4H,0 7.346
Cuy(PO,),"3H,0 1.910 Zny(OH),Cl, 5.427

T RRZBONFERZ A, fES AR
BT 2 R R AL —Rom iz Bl T AR FLRAS .

£S5 BEAEHEMC. Cd¥\ Zn*& 25 mg L REET
ZHERBANERTHNS S

Table 5 Distribution of main elements in liquid and solid
phases with joint addition of 25 mg-L™' Cu*, Cd*" and Zn**

W5y WOAHHREE(mol' L") WfifaS/%  EAHIHREE/(mol- L) UTTE/%
Ca® 6.659x10™ 51.560 6.256x10™ 48.440
PO~ 6.869x107° 10.639 5.770x107* 89.361
Cu*' 2.636x107° 6.700 3.670x107* 93.300
Ccd** 2.224x107* 100.000 0 0.000
Zn®* 7.979x107* 20.877 3.024x107 79.123
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Effect of typical heavy metal ions on phosphorus recovery from wastewater by

crystallization of hydroxyapatite
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Abstract The single and combined effects of three heavy metal ions (Cu**, Cd*", Zn*") on phosphorus recovery
from the simulated phosphorus-rich supernatant -in municipal wastewater plant by crystallization of
hydroxyapatite (HAP) were investigated. And Visual MINTEQ (Ver3.2) was applied for auxiliary analysis. The
results indicated that Cu®*, Cd*" or Zn*" could inhibit HAP crystallization for phosphorus removal, and Zn**
showed the strongest inhibition effect which fitted Monod inhibition model equation with the inhibition constant
of 178.0 mg-L™". The HAP crystallization system could synergistical remove heavy metals, and the order of the
removal rate was Cu’>Cd*’>Zn”". Joint addition of Cu®*, Cd*" and Zn®' could strengthen the inhibition of
phosphorus removal and weaken the removal effect of single heavy metal ion. SEM observation showed that the
dosing of Cu*", Cd* and Zn*' led to the loose surface of the products, while they had similar impacts on the
morphology of the products. The simulation results of Visual MINTEQ confirmed that Cu**, Cd*" and Zn**
inhibited phosphorus removal by grabbing crystal ions of HAP and formed precipitate with heavy metal
impurity, and the order of the impurity content was Cu”>Cd**>Zn*". These results can provide reference for the
practical application of HAP crystallization method in phosphorus recovery in urban sewage.

Keywords rheavy metal; HAP; urban sewage; phosphorus recovery; Visual MINTEQ
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