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Abstract : The effects of magnesium and calcium ions on phosphorus removal by aluminium coagulation were investigated with
various jar tests using settled raw sewage. Maximum TP (total phosphate) removal occurred at pH around 5~6 with aluminium
coagulation, and it decreased above pH 6. TP and H.POs™ removal efficiencies, however, were kept above 95% at pH above 6 by
adding the divalent metallic ions like magnesium or calcium ions on aluminium coagulation process. At molar ratio of Al/P (AP
H,PO,™) above 3, TP removal efficiency was as high as 80%, and residual TP less than 0.2 mg/L occurred at Al/P ratio above 6.
TP removal efficiency was improved by adding magnesium or calcium ions and the optimum AI’/Mg”" and AI'*/Ca® ratios were
about 2. The required dose of aluminium coagulant was reduced for equivalent amount of TP removal by adding magnesium or
calcium ions, as a result sludge generation was also reduced.
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Table 1, Characteristics of the settled raw sewage

Parameter Mean Range
pH 73 72~75
Temperature (C) 24 23~25
Alkalinity (mg/L as CaCOg) 185 168~202
TP (mg/L) 3.0 20~41
H.PO,"-P (mg/L) 18 14~22
TN (mg/L) 33 29~37
NH4+-N (mg/L) 24 21-~27
TCOD (mg/L) 165 107~222
SCOD (mg/L) 70 46~94
Turbidity (NTU) 65 56~74
SS (mg/L) 83 60~105
UV-254 (ads/cm) 0.71 0.71~0.73

AT, TP % B Aol S| £AFHS 574
=g S’LOH A QlAto] 22 [C(lon Chromatography)E ©]-&

slo] #3519} 7]€F pH, TP, SS 52 Standard methods”
=3

3.1. L2 0[EAPYAAEHPO™) SH| HEt
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Fig. 1. Removal efficiencies of (@) TP and ((J) H.PO,™® as a
function of Al/P (AI**/HPO,™) mole ratio at pH 7.
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Fig. 2. Removal efficiencies of (a) TP and (b) H.PO,™ by Alu-
minium coagulation with () no Mg® and Ca®*, ((J) 0.1
mM Mg™ (AI*/Mg®* mole ratio of 4), (2) 0.1 mM Ca™*
(A**/Ca** mole ratio of 4) as a function of pH at Al/P
mole ratio of 5.4; TP = 3.0 mg/L, H-PO,"°-P = 2.3 mg/L,
alum dose = 0.4 mM,
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Table 2, Removed TP and Al/TP (removed) ratios and sludge
production at various A”** dose at pH 7.0

Table 3. Sludge production from aluminium coagulation with or
without Mg® and Ca’* to TP removed (pH =7)

Dosage of A (mM) 02 03 04 05 06 TP removal (mg) 20 24 28 32 36 40
0 mM Removed TP (mg) 2.814 3,224 3,496 3.652 3,790 Sludge y 2+O mM . 76 94 117 146 181 295
l\/IgQ+ and Ca® Molar ratio of AI/TP 882 769 708 678 656 production g™ and Ca%
Sludge prodution (mg) 112 160 176 184 192 (mg) 0.1 mM Mg 42 56 76 102 137 184
Removed TP (mg)  3.054 3.352 3.656 3,772 3.836 01mMGCa® 50 64 83 107 138 179
0.1 mM Mgz* Molar ratio of A/TP 808 741 678 656 6.45
Sludge prodution (mg) 88 122 140 152 164 = QAL Hul ofgl, 2o R o]o wE &SR] ©HAY
Removed TP (mg) 3.076 3,502 3,746 3,932 3,984 2 L3 A4 4 Qo= Aoz yeER
0.1 mM Ca®* Molar ratio of AYTP 808 7.08 661 630 620 AzHog ulay g U 41 e Zao]el o A
Sludge prodution (mg) 94 144 154 162 176 A%‘ ‘(l)‘lsJ_' (‘)E']_—“T_I‘U]‘ﬁ‘ _g_;‘(j]:oy_;g]q] 9/]—@_ o] X‘ﬂ7—] _g_;goﬂ %‘]7]_
o S utadlE 9 de o]Z HUeHA ks Al
8 Ty o0osaetim y=0.0036e131%  y=0.0055e! 15 H3f] o AIARELS 2~9% FHAIZ 4= AL, 5% TP 5
_071 ®-osm R =0.0708 R =0.9807 =2 94l oa dRuls SUA 2YY wF et
Fos s A gom, 1 AT &ejx WAL 18-45% HaA 9
05 | ot
6
o 04
g 03 -
° 02 4.2 =
01 : ; :
25 3 35 4

REMOVED TP (mg)
Fig. 4, Aluminium coagulant required to the amount of TP re-
moved without Mg®* and Ca®* ion (), with 0.1 mM
Mg®* (M), and with 0.1 mM Ca® (A) at pH = 7.
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