KEIREET B3k i - Original Paper 673~678. 2009. | 673
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High-Rate Phosphorous Removal by PAC (Poly Aluminum Chloride)
Coagulation of A20 Effluent

S5t HEd

Eung-Ju Hwang T - Hyo-Chang Cheon
ojo sk 84 5ska

Department of Environmental Engineering, Daegu University
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ABSTRACT : High-rate phosphorous removal by PAC (poly aluminum chloride) coagulation of A20 effluent was investigate to meet
the stringent requirement of wastewater discharge from municipal wastewater treatment plant. A series of jar tests were conducted to
find optimum coagulation condition and to enhance removal efficiency. The optimum volumetric concentration of PAC was 30 ppm
(2.81mol Al/mol P by mol ratio). Only 17.2% of soluble P was removed for 30 minutes’ settling without PAC addition, while this
increased to 30.3% by dosing 10ppm PAC. It even increased conspicuously from 49.3% to 88.4% by increasing PAC dose from 20
ppm to 30 ppm. 92.4% of total P was removed by 30 ppm PAC, and the effluent concentration (0.3 mg/L) was acceptable for
discharge. The optimum value of coagulation time, settling time, and pH were 4minutes, 20 minutes, and 7.0, respectively. It was not
necessary to control pH of raw sample whose pH was 7.0. Soluble P removal was remarkably enhanced at pH 7.0. This implied that
sweep floc formation by Al(OH); was the main mechanism of coagulation for soluble P removal. Influent and effluent of secondary
clarifier were tested for coagulation, and the effluent was better for high-rate P removal. It resulted in 0.18 mg/L of P and 95.4% of P
removal by coagulation. It was favorable to recycle the treated water to coagulation tank and the optimum recycle ratio was 0.3.
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20k 1 20119 NE AlYE 294 =4 oA FA o dulste] 1aE < AA FA ko] asty & Atois BEH
Aot shsba] FAEE 2ee Fgo] it 2 HEEUC 24t SHARA T @o] AHEEIL 9l PAC(poly
aluminum chloride)& ©]-83t1L AA| st=FTA A A20 FA 2] 37| F&558 ARE 3t o 3 B4 2 &4 =4,
TS A HRE Sof dis) AP ATLE sttt WA HA PAC £Y FEE 2ur|Eo2 30 ppm molH]2E 2.81 mol
Al/mol P8l AL & Uepyth @A 17.2%00 E3Fstd 844 Q19 AAE°] PAC 10 ppm FUL & 30.3%7H4] &7}
stlow 20 ppmoﬂﬁ 30 ppm & PAC FUFS S7HA1Z o 49.3% A 88.4%= AAES IA FFAIZ 5= it old
Z AY AAEL 92.4%, &5 F 2 5 0.3 mg/LE A Filols HHFe 24 94T = st 43 S84
2 A8, FAAZRE 208, 27] pHE 72 YERYL AR (pH 7.00= Hx=9 pH 24 glo] &4 }4} Ao BiE )
o}, pH 7 274 &2 19 AATF 2A =R o, FIHAR1 ER] ArE Basht, o= 19 9 AlOH)sol 2%t
sweep floc formation®] 8 A|A 7|2Hl& oJulstylet, 22 M 2§ ol PACE FYste] 243 AxE SRR &
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=
ZFHX : Poly aluminum chloride, & 21, 35 8, A20 33, =& SH

)

22

>

1.M2 UBE WAT 4 UES F 2 FES A YO A
slslo] ick 2 Q1tol <lahm 28 52 FRAlel chlet

09 FPAL R BESYS SOl B £ TS ASFRHAY B 09 20159 BFRAY BRE A

oA HHEELE OQRUY MiEEY] BESUS THT £ FHOE 022032 mg/ of W9t B oz 2

S F olsb} H|=E Belshs Almelch, @4 BODE A k2 el o] s e el dxje] Ml of

0 15 BV} A Fold UMREE 26 3FH A $AREE S ofete BoI T 4 ek, el

7H A ool Slek 2RARIAE 7 SAME RRAGS B ol AAYE 5T A20BHES 2GS Ak T HFRAe

T Corresponding author : E-mail : ejhwang@daegu.ac.kr Tel : 053-850-6694 Fax : 053-850-6699

CHEkErzastslx| | M312 M9 12000 9% |



674

Korean Society of Environmental Engineers
ysx  Hay

Table 1. Experimental condition

Run Main parameter InitialT-P(mg/L)  PAC conc.(ppm) Coag. time (min) Settling time (min) pH
PAC concentration _
1 (0, 10, 20, 30, 40, 50 ppm) 3.94 4 20 7.0
Initial T-P
2 (3.32, 3.71, 3.94, 4.03 mg/L) 30 4 20 7.0
3 Coagulation time (1, 2, 4, 6 min) 3.94 40 - 20 7.0
Settling time _
4 (10, 20, 40, 60, 90, 120 min) 3.94 40 4 7.0
5 pH (3, 5,7, 9, 11, 12.5) 3.30 30 4 20 -
Pre-settling (yes, no) 3.94 0-50 4 20 7.0
7 Recycling ratio (0, 0.3, 0.5, 1) 3.32 30 4 20 7.0
o] 79 20089 19~49 Bt i F ¢l BEI) 142 o] 714 AAZE T2 01l enjiuly) A slalaE AlRE
mg/LEA $37 BRLLS PHe) o AFe oA slel Ag FR 93 qtoR Age A Aup) mud A
uhelo] =gt Aoy, A Ol wh B Aol AR sl g
Qe AAA M= 7IAZ=A EAEHA] ko, JHES v A20849 27|12 &5 NEE oto] f44 T4 B,
5] 49, QN 5 LHUL AT T gofm von) PAC %9 5%, SHARL, AHAZ, pH 59| A7t Q1 34
B FolAe] gk, ol s A7) wiiZold B A=A & of njx= FFE AESTE E3F A PAC BFUAH 2H
stol7] olele Baoltt, /14| A 3ol of 7] WfRel B 2 913 HEHAA AT S HeT A9 HTEL
e FHE EETH =, o] T2 o]{= AYET} Bt SAAY S B8 SHEES =
A FAo A= ndEe S IHES] FHE, 35H 34 ok A ks AT o & Eofl @l A 48
oAz SRAN eH E= S o ZAgtH M= 3 7heeh nag Ql AlA 38 HH AR 2 A 2AS BE
B2 AAECE e e A 2ollA] mjEe] S4E o] sy

AA 7Hst Q1] ool SAZE glol T2k 1 mg/Lol HES
REFANA BA 715 ol FER B Zlo] dukAolcts
webd FRAOlA ATEE A e 1S 9 AAS 9
A= Ayt Aeloh sto Aelo) wago] Wasich sk
e 71e) shaHeA Aol ket #7h AulE 1RE)

1-4\1
¢

ol AAAZL ] FA% S04 WEe] SEHe A
3 4 Q= AEE 231 9}, Qo] A9 sk H2)9) 5}
ak2] Helg Wastel %OL w2 2t 0,02 mg/L7H A7

OD 1 mg/L, COD 5 mg/L, & 1% 49|

ZAFE7) = 5H3ie) 2 jHE BFehA] A7
of AMg-E= %ﬁxﬂt UFuEAY AR 5 5 =
4], 2 Ao ¢A Alum, FeCly, FeCls, FeSO4, PASS (poly

aluminum sulfate silicate), PACS (poly aluminum

chloride silicate),
el slelg g1 A7 A1BS A 231 7 e ) A
7 888 HOl PACE AAX A2 AATH 4= 9J%ich2
A7 SHA N tet At Tt 2
VS A SHAE ol8T Mm L EE AU 5

FAA ] AAAT XFafgkcr o =3 o4 -S3AIQ PAC,
PASS, PACSS9] $3] EAJ st ?LL o] A= glo
U~ R SR AR E o] 83t Agiz190] 7L BOD &

th-A19] Bt sl 131 ol 4 F2 A20578<] 7]
Zol|A HFRE A RS SHERY o2 513t Al=9] pH,
TCOD, SCOD, TSS, VSS, TP, SP (soluble P) == 22} 7.0,
377.4 mg/L, 30.4 mg/L, 1,910 mg/L, 1,640 mg/L,
3.30~3.94 mg/L, 1.54~1.73 mg/Lo|tt. PACE A 7|8}StAL
AlEe A8 AlOsTHE 17%019 HISZ 1.37 mg/Lo]
o} SRAEL Jiscorte] J-651E Jar testerS O]JC-LO}OE] A
AlsH3iEE Al& 1 LE H]o]A e Fo} PACE skl Jar
testeroll A 52 rpm &2 487 wHt & 90E A, S &
Haotdtt, 8 A% A= TPE Standard Method
(digestion & stannous chloride method)ol we} 2451900
oo wet GFC (0.4 m)Z o33t A7 9l F 8 ZA3
o} Q% SHo ARSRE AL E37]= ShimadzuAke
UV-1700xdlofe}, AEe 73jof| AA 7= glon] 7+ 459
2712 Table 13} 2t} ©7]4 PACY] £ ppm FE+ #|
71%=e1H Run 59| 27| pHi= NaOH-8H 3} HCL -85 0|85t
o] A=t Run 69141 A3 A (pre—settling)S 3 32}
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Fig. 1. Effect of PAC concentration on the removal of
phosphorous.
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3. ant & 1nE
3.1. PAC &8l 5=2t 7| & 2l s=0i| 2 21 MH EY

A20874 712 &5 AR FAT-P) $&x 3.94
mg/LE2A ©] % A ¢lo] 1.73 mg/L, &4 ¢lo] 2.21
mg/LoI%ith PAC ¢ =5 0, 10, 20, 30, 40, 50 ppm (4]
720 %% 7120, 0,94, 1.87, 2.81, 3.75, 4.69 mol Al/mol
T-P %0, 3.21, 6.42, 9.64, 12.87, 16.09 mg Al/L)S.& Z7}
Aol whet Q1 A &&o] Fig, 13} Zo] 3= 3irt, PACE
FQJ8kA] ekar s AL 90 ppm) YA 219] 65.9%
7} AAE QoY §2A4 918 17.2%2 AAE0] Wk & 91
7|22 R 38,5%) AA7 7Fssteich ol F Q1Y) sk
2.42 mg/L=2A] 294 FFAA atEls A sk
A W AR H9)(0.22~0.32 mg/LYE 2A 215t

S AA EEs wole 2ol WdS & 4 3ok §E4 A9
4+ PACE 10 ppm FUZ 3¢ AAEo] v F718I3lAL
20, 30 ppm o2 FUE0] F7Ir5E AAEY] F77FEE A
Frt, 53] 20014 30 ppm .2 PACE=7}F 571 of W <
O] G2 Qlo] AAH T B 30 ppm o142 FlE&ol=
S YL =0l F A9 AAEE AA F7I8HA] St
b PAC 4l whe a8 AAdE 312fe ) 30 ppme|
FUEo] AT Jlor ARERI. FAR PAC FUE 30,
40, 50 ppm ZHZfel] sl &3 - & 9] wk== 0.3, 0.27,
0.21 mg/Lo|ie}, UukA o= 3j5h4] ol FAof Wt 5454

Iritind T-F conessrmem on depmi
Fig. 2. Effect of initial phosphorous concentration on its
removal.
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w0 R S e Table 2. Previous reports on the effect of pH on coagulation
T 5 W J-' T i |80 of organic pollutants.
_E-g g 4 :?- 0 ppm N —— o ; Wastewater Pollutants  Coagulant  Optimum pH Reference
ik J pra Synthetic Humic acid ~ PAC 5.0 6
-4 "'ir = srom P Synthetic Ortho-P PAC 5.0 12
§ ; 18 | HK & | \ | Landfill leachate COD, color  PAC 5.5 14
u nE | 1':._ o 20 E Landfill leachate COD, color  Alum 6.8 15
Y D —. a fulp and paper mill - cop, color  PAC 3.0 20
- 1 + - B T
ol w oo e (g
Fig. 3. Effect of coagulation time on the removal of phosphorous. Skl U}, SHH UE o)A pH7]- Y& Lo 7RARA] 2 Ao
A= %X‘ iy } 22 Al0s(OH)s’ " 59 polymer FE)HT}
= 1
£ ¥ S SR = = AP, AloH™ . AlOH)y 9} 7+ monomer &E|7} 22 =
24 = w E ) . ]
e 1} e Hd@—ﬂg¢4xLAggﬂﬂaﬂgqummmmz
3 1l o0 B
1N £ Ao M= F2 COD, M=, humic substanceSS tAlo 2
E - : Pa.C gens ! 40 pem [
g | Yo o 9b QBT kA A% pHA TRA tha B bl
- =
F ol | 55 B =
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Fig. 4. Effect of settling time in coagulation on the removal of o
phosphorous. 1 pH ¥3h= 32 §24(¢ %161 0.4 pm BTt QAP Q1o &
: : - Kol JFE vt & 4= 9lrk 3, B4 F 824 AL o
> N e HE ortho-P Z PO, &l Qlelw] COD, A%, humic
H Farpukme B l""-

substance Brk= BAj2ko] whe EXO 7y Qlt} 3§ ofTto|
ofstul S ¥ siEA g §E4 824 219 70%7 ortho-
POl A2 ARSI WA SE-HB1E3} /18] o)
f I . - l I l 9] 24 floco] FAEGEeke WA o] Beksto] MAo| &)
e e 7] 9JeiA = sweep floc 712He] dJgto] AljA o7 o Fa38
Fig. 5. Effect of initial pH on the removal of phosphorous Ao.2 ekt Sweep floc 712l 9101 F-28F AlOH)w=
(PAC 30 ppm). ZA49] pHollA 714 Wo| A5t 2520 AmA o pH 7 &
oA 7Hd & &5 d AAeS S = ld Aoz

AlOH)', Alis04OH)2s’" 5] PAC 4f ofoleo] ZRolE  ZZHrh o2 ApolA 2502 Uelte pH 50l ¢l A4

1=l

C o mrr siian 2l phoaghoironn
L]

_—
A
.-"
Esmceanl rars of phoaphe o

A 49 ST 2= AP E AL EN YAt &o] Yokd 22 AlsOyOHes 59 polymer7t B 27
7F L 2 45)slo] S7o] YolUh R Fhe 7| ZHER-A A2 ZR-A5E3} 7122 pH TollAEeE aafFo g Yo
3153} W|#1UZ, adsorption—charge neutralization)©| ot A o2 Al(OH)39)2] w&°] Rot sweep floc 712
1610 ERfl= AR 71%ol ) PAdE flocolv FRolEE o] AgHHoR dojuty] fEe R AlrEt AEHOR sl
Aol ZYof 9 HAHsH= Al(OH)30 848 AAEE= Aol A AT AR 27| pHe 7.0024 S8 88 5
sweep floc formation 7]2to|t} 161819 o] 5 7]2k2- Al 3lgHa: 7He Sl M=) pH 242 F & ¢l 2SR dEeh

o] 2ol PaFS wron wpebs pHoll whet SHAA T&o]
A §izket 4= 9lr}, PAC -§-3] u]2]i= pHO| daF] dialiA 3.4. 2x ™ & PAC £l st
© B2 A7t 213E v} QckTable 2), ot

olE AIE FUSHH PACY - pH 3~5.5 #1919 43 71z, AA

2AGN $7 AAZH QBRS¢ 5 Ak R o5 AT B 5 rh 2
A AFAEL FEHOR pH 7 oy Ue EhelAE  olehs WA wieskA epom 27]29 49 BODH
AOH)S 7} %2 AAElo] S4l0] AFBEB Aoz B eBa 24gsle] PACATH0| F7K 4 Qloms o
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Fig. 6. Effect of pre—setiling in the secondary clarifier on the
subsequent coagulation of phosphorous.
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Fig. 7. Effect of recycling of coagulation supernatant on

phosphorous removal.
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Fig. 8. Effect of recycling ratio on phosphorous removal.

1. A% PAC B¢ %= 27|20 2 30 ppm, molH|&

= 2.81 mol Al/mol P8l ZAS2 Yeptom 27] 9l 5
7t F7VEEE AAELS AstE it
CSRAZE 48 HHAZE 208, 7] pH 7o 71 AA
[e]

o H ,
AR Aoz Yehth o] 2704 F ¢l =
A

+ A2l A 3.94 mg/LlA #2] % 0.3 mg/LE 92.4%
A7} 7¥Est et
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