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Abstract : This study evaluated the efficacy of Ti-based coagulants on phosphorus (P) removal from municipal wastewater and
compared them with Al-based coagulants. Jar test experiments were performed at various chemical doses and OH/Ti molar ratio
(B value). The higher the intial phosphate (POs-P) concentration, the lower the [Ti]/[P] to reach a residual concentration below 0.2
mg P/L. Removal efficiencies of total phosphorus increased with an increased coagulant dose but decreased after the efficiencies
reached their maximum value regardless of coagulant or B value. On the other hand, PO4-P removal showed an increasing trend
with an increased coagulant dose, reaching the plateau value under large coagulant dose conditions for both Ti- and Al-based
coagulants regardless of B value. The chemical dose of Ti-based coagulants was approximately twice higher than that of Al-based
coagulants with the same P-removal efficiency. The coagulation efficiency was influenced by different B values.
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Table 1. Characteristics of secondary clarifier effluent at a muni-
cipal wastewater treatment plant

1Sf 2nd 3I’d
Parameter \1or9 2015) (Jun 11,2015)  (Aug 21, 2015)
T-P (mg/L) - 017+001% 1724007
PO,P (mg/l) 0549+0030 0067+0003  1.380+0.030
(mgléi'ggys L 1900+14 580+01 28.6+0 1
pH 71402 71406 70403
TOC (mg/l) ~ 457+069  4.17+034 779+008
UVase cm™) 012740001 0101+0001  0.125+0.001
SUVA (L/mg-m) 278 242 1.60
SS(mgl) 5004060  933+029  1395+132
VSS(mg/) 2604001 7174014  1025+082
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average * standard deviation

= AlEste] o] st Ateldiny EAE SAAIE

AT AT 37 ARE Mg

2.2, B Aju
=== Standard Methodso] &3&}o] T-P¢} POs,-PE =
2 += Standard Methodsof whe} HAHS
8 , 534 % A, 3 pH (UB-10, Denver instrument,
US)E ZHst AR o 57124 wake dobrs] 9
3f] dissolved organic carbon (DOC)} 37} 254 nmoj| A A}
QA L= (UVass)+= Standard Methodsol| wha} 27431t
Specific ultra violet absorbance (SUVA)= UV,542} DOC2]
H]-&S =3 JeE ) Suspended solid (SS)= GF/CZ
0]-8-5}o] Standard Methodso]] &=3}lo] 105TC oA AZ3A
t}. Volatile suspended solid (VSS)&= GF/CE ©o]-&3}o] o
7} % Standard Methodsol] 23] 550°C oA ZastAt”
SHE=E =A517] fste] UV-Vis spectrophotometer (Libra
S60, Biochrom, UK)& A}&3}%13, DOCE total organic
carbon (TOC) £4%%](TOC-VCPH, Shimadzu, Japan)& A}
8ol 248190k, 2RI 2lo) & wlk 2918 $A
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Fig. 1. Residual PO4-P concentration (a) and final pH (b) with
TiCls and alum concentrations,
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Fig. 2. Effect of initial POs-P concentration on residual PO.-P
concentration with Ti/P molar ratio,
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3.4.1. Poly titanium chloride-sodium carbonate
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Rom PACHT 23uf=2 290d off AR AARES B
gtk POsP A A& AL PACE 0.08 mMoj|A] 99.7%
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Fig. 3. Effect of OH/Ti molar ratio on TP removal (a) and PO
P removal (b) efficiencies with concentration of poly ti-
tanium chloridesodium carbonate compared with poly
aluminium chloride (OH/Al molar ratio=0 45).
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Fig. 4. Effect of OH/Ti molar ratio (0.32.0 () and 2530 (b))
on TP removal efficiency with concentration of poly ti-
tanium chloridehydrogen peroxide compared with poly
aluminium chloride (OH/Al molar ratio=0 45).
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Fig. 5. Effect of OH/Ti molar ratio (0.32.0 (a) and 2530 (b))
on PO4-P removal efficiency with concentration of poly
titanium chloridehydrogen peroxide compared with poly
aluminium chloride (OH/Al molar ratio=0 45).
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SAAL TRl Eo] EalElo] AAREC] HAagha B
aspar glek weks] OH/TiM| 7} S7He 45 i Tig
| b5t Sxoll eistA] Lstal £3f=]o] DOC &
T} UVase7b S7hebchar skt PTC £ 45H0.12 mM)
S 1AFYS i S & DOC == PTC- SC % OH/Ti
H] 0.304 7P @ttt XHF UVass= PTC-SC 5 OH/TiH]
0.50)| 4 7}#& wrorch PTC-HP:= OH/TiH] 0.89] 4 2=
DOC =9} UViysy W5 714 Wl

o

4.4 =2

TiCL= [Ti)/[P]7} 2.5 0] 2% & PO,-PE%E7} 0.19 mg/
Lolon, 27] ¢l 5=7t S71dpE A2 & POs-P 5%7t
0.2 mg P/L o]t =2a}7] 93t [Ti)[P] 748t%c} PTC-
SC % OH/Ti¥] 0.59} 0.8 PACO| u]3| 2.3Hj2] HE=
FAd o 87%= FARRE T-P A ARES Eelch OH/TiH]
2.0 ©]3}¢l PTC-HP SR A|= PACO] v]3) 2.3u]2] L&
2915 ] 94%9] T-P A AFXLS Rrh PTC-HP 2 OH/
Tiv] 3.0, 2YU%SE 024 mMo|A] 952%2 714 =o T-P
AAEES HYOH PACHT} 10% £& T-P AATES
Btk PTC-HPOA A% OH/TiH] o4 &71&45 T-P,
POs-P AAEE BT st AFS Belom s DOC
&, UVass 52 S710ks AFS B S3A 5=8
FYsHA F=Usk3E w) PTC-HP % OH/Tiv]7} 0.8%1 =71
oAl Q1 AlA mEo] 7P =Skt webA EHelsAEY &
AAE str9 2 AA 4§ 7168 Ao= AdHnh
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