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Application of polymer coagulants and optimization of
operational parameters to improve total phosphorus removal
efficiency in wastewater treatment plants
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ABSTRACT

This study evaluates the potential of various coagulants to enhance the efficiency of total phosphorus removal facilities
in a sewage treatment plant. After analyzing the existing water quality conditions of the sewage treatment plant, the
coagulant of poly aluminium chloride was experimentally applied to measure its effectiveness. In this process, the use
of poly aluminium chloride and polymers in various ratios was explored to identify the optimal combination of coagulants.
The experimental results showed that the a coagulants combination demonstrated higher treatment efficiency compared
to exclusive use of large amounts of poly aluminium chloride methods. Particularly, the appropriate combination of poly
aluminium chloride and polymers played a significant role. The optimal coagulant combination derived from the experiments
was applied in a micro flotation method of real sewage treatment plant to evaluate its effectiveness. This study
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presents a new methodology that can contribute to enhancing the efficiency of sewage treatment processes and reducing
environmental pollution. This research is expected to make an important contribution to improving to phosphorus remove
efficiency of similar wastewater treatment plant and reducing the ecological impact from using coagulants in the future.

Key words: Poly aluminium chloride, Polymer, Coagulant dosage ratio analysis, Improvement of total phosphorus treatment

efficiency
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(Total Phosphorus, TP)2] 73-9- 1996\ w54
Fof] 23 20019 109 g 2j=] sk 9l 2012
g 19RE A8, Ao, gEe| g Ao 7
ste|Qlom =oof mat 7] 2.0 mg/LofA] X 0.2
mg/L7}A] 73s}sit}t (Seo et al, 2014; Jeong et al.,
2014, E3 2L 3 FAESRAAE A Fstol
HAY7FA] 953 T} (Jeong et al., 2011). FHZofl=
SR Aol gl ta Bao] Eobx A Aol o
Ager 44 71E 3% g Sol arsHm: gt
(Kim, 2018).

A& B 5 A Adelds ugo Eajsht
Agela YolAs =2 w22 ZFEo] Utk Ayt
Mo QaABolA ALEEE TN, &4
g7] FollA wol WA =k 53] FAAAA7E
ol4e] &S A5k Uk (Hong, 2022). ik
2 g = 7Hes 19 Fell= AT
QUM o® oF 1.0 mglrl HA HE2 RuET
o} (Park et al, 2011). 7]% AEsA Hejzdozl
Aohel 407128 WEA7IEE ojelge] glo] Th
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7F @7] el MAdE FH= AAS| 7 8ol
o|fl 7]Ztof| ofsf mAEe] S5 EHE AA =
A= Qo] A9 AsHA Al w8 sar
Ao Azt 5L Fojuytt (Han et al, 2012).
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Fig. 1. Flow diagram of water treatment system.
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Table 1. Phosphate treatment facility resources (Yoon, 2011)
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Fig. 2. Schematic diagram of phosphate treatment plan

facility.
o star gk wA7] 2] o= &gt Hofel
g} ZZA Zo]E Holx|gk gutA o 10~100 pm

2 uq7|Zels AoFt} (Sim, 2017). E3FF 1~3
mmmin®] AEESES A AASAE s
oA s wlAF B2e) WME Aol o
=t} (Goo, 2023). 50 pm m]vke] wlA7|EL A 3
Holq 45 F aBFTh o] FAolA 7|2 F27)7}
A4 Aol EwHol %7}&04 712} o) 7tol

H5 wHo] AAH VA dEeo] 7l "ot

(Sim, 2017). AF-THAFA A <] U}o]ﬂiﬂx}%_qj% °
ALY 2.5 kgfem?o Al 1~40 ume] w]A|7] £ A
A skl ol gstaL Qlrk el fejA
& 5 oA 248 F&muty] 55Hz, 94 whky] 40
~45Hzo] W9lR edstglom, H5AelA PAC
10%7F Q1 24 wHbzo| L35 HAF Zgy
7t BYHE FAA AL F2AER FEHuTR

(W 3.0m x L 3.5m x He 23m)=2 {45 12}, 23}
QF&THFR(W 5.0m x L 5.0m x 47m x 27)2 AA
7FARAFZ(W 6.0m x L 11.0m x He 2.9m x 4X])Z 0]
Stk PAC 91 SN L] AAH 2919
0] Hy MBS B FYHE PACS] SEE 2}
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Classification

Content

Pressurized Water Generation

Recirculation Pressurization Method

Air Mixing

Injection into Gas Dissolution Tank

Gas-Liquid Contact Method

Gas Dissolution Tank : Liquid Film Contact

Gas-Liquid Contact Efficiency

Gas Dissolution Tank : 99%

Micro bubbles Size

1 pm~40um

Operating Pressure

2.5 kgg/cm®
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Table 2. Coagulant dosage concentration

Classification Concentration (mg/L)
Dosage 12.0 24.0 36.0 48.0 60.0 72.0 84.0
PAC 10%
Al,04 1.2 2.4 3.6 4.8 6.0 7.2 8.4
Dosage 12.0 24.0 36.0 48.0 60.0 - -
PAC 17%
Al,O3 2.0 4.1 6.1 8.2 10.2 - -
ek Bel 29 SRS jatest 2TE HgOR B 2 £ AMIHIA By, 5527 (Suspended

A A D2 PAC FYUFEE 36~48 mg/l, =&
0.05% 0.10~0.20 mg/L2 AA s} &A435kith.

et Pk sk 51 4091 mel %%s+¢
3395 mg/L, 21 AA §94 0354 mg/L,
22t 0121 mgl o]ty 2L 7|7F %9
Ql4=0] 1 & 0712mgl, HE O%
g/LOlEP e &g AR olF =3t H
© AFHGAIAAA = FQ AFAA A
7:‘49} oF& /\Plak E ’“EW ’%4‘%1:% Ath
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N
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A GASE 425t BUL 42 S A}Q—o}ﬁt}

2.5 Jar—test Al&{HHH

Algof AL&% Jar-Tester= Al shof A A Z28F 7
Gy CIT-1, A& 324 890 x 280 x 470(mm)2] tester

].Q_o].onlocq nE Eﬂ/\E_,] ‘71:1]—4_5}:_ 120 rpm
oA 187 S5t 31 60 rpmof| A 1587 9b<
NE 3087 AAARLE Testo] AHSE SAE
PAC(LID CHEMICAL, H]= 1.2) 10%, PACLID CHEMICAL,
H|S 1.2) 17%%} 2283 A polymer(SNF Korea co,
e Fold L&A F3A(Type BYE ©]-&3ho]
AT AR slE ATFAIE Y S A
A FUFEEADONA Apsidlen, AR AlRE
1 L "lo]Ao] ztz} EFfsto] wrk 9 I & A5
= 245G A A E AL ATHAIE Y
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solids, SS)& F438to] EAstgow, AP ALgH

Fuls Fol Z4HS 98] HACHANY] Hatwes
(DR-6000), pH =4 7]= TOA A}2] pH Meter(HM-30)
2 AH8SIAT 14 testoll A= PAC 10%9] OFE 9]

Fro HILE Fo jar-testE AA|SFHTE 23} test=
PAC 17%E 12} HAEQ U3 FUSERE testE
AAIBE 10%eF vl skl wf AlAEoA ofd 2t
& Hol=x] v}tk PAC 10%2}t 17%2] v
Z} A& TP A| Aol AHEE AL/P ZH|E H]
B 7Vst Tt 32}, 42} test= 13} testo]| A 42
HIE O & PAC 10%E @& F¢ Z29E v
g HAFUsE= 21 0.05% FYUEE

o] PAC, Z8H Z3} testE Y5t
T = 10%2}F 17% SU3HA =25t o
ol W2 AlLOs;9| sX(mg/L)= Table 2
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3.1 HALHAAIA jar—test Zn}

PAC 10% 12 mg/L, 24 mg/L, 36 mg/L, 48 mg/L, 60
mg/L(1.2, 2.4, 3.6, 48, 6.0 mg ALOyL) ¢ Az} 7t
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o1 A AL 34.9%, 47.4%, 62.0%, 67.5%, 68.8% =
Ueb Tt ool Sl wet AlAEE F71et
gom, ALP Eu|: 51,69, 7.5, 9.1, 1128 AA=
= 3209 & divl AHEE= ALY F2 ALEA F
7}8ith PAC 17%2] 7% 12 mg/L, 24 mg/L, 36 mg/L,
48 mg/L, 60 mg/L(2.0, 4.1, 6.1, 8.2, 102 mg ALOy/L)
2 FYstglen ZH7 FQ AAE 41.7%, 60.9%,
69.0%, 68.4%, 703%= UEFon Eul: 6.9, 8.7,
113, 153, 1852 PAC 10%%} HU3H4 FYU5E7t
71 E Z8 S7H5TE PAC T HIAE Ayt
FUE ALOFE 6.0 mgLE 21 ¢ 7ol &
A3 7Hadle Aoz EE o PAC 10%E 72 mg/L,
84 mg/LE F7I= HAES 2yl 39 s=oF A4Sl
o] PAC 10%2} 17% Zd3}4] ALOse] 3FeFo] 6.0
mg/LE 23 A9 EH|7F G4 AdsetiA &

Table 3. Jar-test results

go] Zashelth ppm B2 A U A4
3 749 824 EAo] uet ZjolE LA u o
ol SRR B A AT sEelq A 29
% 542 Uehie Ao wus o olc (Park o

al., 2010). 3l AFAIAoA AR =21 PAC 10%9]
7)== 38%= oA o]FX 5.9~38.5% e
H71Zo] AfolE Fil PAC YA sS B7IRE A+
AINF7| %= 38.5 % PACS AAL 57~65%)} H|<=
3t A= H ) (Choi et al., 2016). Table 3= jar-test
A= YEd Ao 2 PAC 17%E TAEE Szt
23} ALO; Rl BIs] F8l A AL & HIlE
WAl E3oh AREE ALY e 1HFS
AlL/PS] E4H]7} 8.7, 11.3, 15302 &2l A| Ao AL
He ALY ol FASHA FUHetol: AlAREC]
69%°l 1HT} did Aite A o)t AL F

NO Classification Unit Results
PAC 10% (mg/L) - 12 24 36 48 60
Al,/P mol ratio - - 5.1 6.9 7.5 9.1 11.2
pH - 7.1 7.1 7.1 7.0 6.9 6.9
! SS (mg/L) 7.0 6.3 6.7 7.4 7.6 8.6
T-P (mg/L) 0.433 0.309 0.250 0.180 0.152 0.148
T-P Removal ratio (%) - 34.9 47.4 62.0 67.5 68.8
PAC 17% (mg/L) - 12 24 36 48 60
Al,/P mol ratio - - 6.9 8.7 11.3 15.3 18.5
pH - 7.1 7.1 6.9 6.9 6.8 6.7
2 SS (mg/L) 7.0 5.8 5.5 9.2 9.9 10.8
T-P (mg/L) 0.433 0.277 0.186 0.147 0.150 0.141
T-P Removal ratio (%) - 41.7 60.9 69.0 68.4 70.3
PAC 10% (mg/L) 36
Polymer 0.05% (mg/L) 0.0 0.05 0.10 0.15 0.20 0.25
pH - 7.1 7.0 7.0 7.0 7.0 7.0
’ SS (mg/L) 7.0 6.1 5.8 4.2 4.4 41
T-P (mg/L) 0.433 0.155 0.127 0.105 0.084 0.075
T-P Removal ratio (%) - 64.2 70.7 75.8 80.6 82.7
PAC 10% (mg/L) 48
Polymer 0.05% (mg/L) 0.0 0.05 0.10 0.15 0.20 0.25
pH - 7.1 7.0 6.9 7.0 6.9 6.9
* SS (mg/L) 7.0 5.5 4.7 3.8 3.5 3.2
T-P (mg/L) 0.433 0.143 0.121 0.085 0.072 0.067
T-P Removal ratio (%) - 67.0 72.1 80.4 83.4 84.5
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PAC £9] iEﬂ ﬂrEOPﬂl =2 3¢ X‘]E]‘r——]
e =7t F7hekL $4 AAREC] A=
Ao Z YElth (Kim, 2015; Park et al.,, 2012). E3H
70% oldel F0 AAES G5 S8 36~
48mg/L 2] PAC 17%2 =8 AL wrl Asoz <l
o AZF oFE H|8-o] 36% e AeE oAFE St
PAC 10%Z tA3I3L 17% PACE =02 A=
AL AAA S 1S W 2 speA A
AgtslA] g2 Ao 2 ArhEh PAC 10% AL/PL} &
A AAE vwAA AAE] A st FUEE
36 mg/Le} AL/P EZH|7} G ASH Adsst7] A Y5
T 48 myles A =2 AAsto] Eejm £ o
AEE AT} PAC 10% 36 mg/L, 48 mg/LE 1%
o2 Fotal FE|WE dAERE FJs A3k Ze
HE 0.1 mgLylt U= 7|& PAC 10% H=o =2
60 mg/LE FUTH AlmET FQ AAE] A5t
7;12 = 4 Atk ®E E29 015 mygLE FUT

A AFAE AALTEFE 70 R oFF 12 kg &
TE2HE AHESHH PAC Ff&Fol what 76~80%9
AR FA AALESE gH & £ s AL 9
o3t} S jar-test AutE WO R AR FQIA
A Fen By fFadE HSsela
o &2 FRAA YA A FUFSE PAC 10%
36~48 mg/L(3.6~4.8 mg ALOyL) 1A Z&|H 0.10~
020 mgLE AAste] EHsh= Zo] AAsirtal o
ekl

¢

°lE

(b) Suernatant of PAC
Injection Sample

(a) Influent

Fig. 3. Reduction of turbidity.

3.2 SZIM| ™20 = pHe} SS HE}

AR §U5E Aastel Ee 4g W
3 SS 1= WSo} pH 245 BT A, PAC TE
A A R S 9 58 ) st
Hahe v, Benzh 17hE MBI SS B
7t gasisich. B2 SR S7Hs Fusis Aol
Ayshsick ol Qlsh FAHANLR $9
e A2 s gl Zrkael ufet 4
a2} & FYUF oAl A AA pH HE
L Ao A3 oMo old R} Z7)e)
HEASE 4= Qlet (Lee et al., 2010). A<= 9
daroz 1AT A ATOIAE PACS] Al
| B 2UTE Gasislod B A8
12% o8] PAC 17%7} WA B35 9]

AC SHACNA B T ol 7
A = A7 e Barte ASR e Fuk
et al., 2023). & F¢0] %Z‘ RHo|A HeE A
2A7]1=d 7]1ojgt Aoz wtETh E3F PAC 3¢
g 7t w2t pHe= 6.7~7.1 ‘%H off Al A = At
AFA AN A SHA AR S 2 Q1% pH A 5) A
HAYsHA] okdth =Wl st A Y-S e R o
TFolME stA oA AR pH7F 7022
Fol 7 AS, SREE E=ol7] S8 =
pHE 243 F a7} glvk= A+ 2= ot (Hwang
et al., 2009). £33t 7| =7} & SXA7F pH HE7H
A9 monomeric AEo0] Z7lsle] SR AL 0] =
t} (Choi et al., 2016). AFPAIA]AL L] PAC(E 7=
38%)°] A% alie A+ WA AAIZE PAC 12% 9
B71%=(5.9~38.9%) T AT Aol= et =& &

i T It oj = o
o.?:ioil‘ﬂ‘mﬂi
Sr=d

|

o o it 4 rlr mu m rlr W
flo oé.';‘, it

=
o>
[ﬂ

rjl rr rHI

(d) Supernatant of
sample(c)

(c) Polymer + PAC
Injection
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Fig. 4. Total phosphourus removal rates (%) from 2021 to 2024.
7|&of &3tH, pH fra7h AL FQl A7 70% o] 3.3 AE SUXEIAN 2FZHn}
5lo LI—_CL gxl}\-] 0 Ho = Al o 03
5] R FA AROR AR o
S wstE ek Pasl] fstel PACS we O
slo] Ermrt Zrbshe BuEly Adel 2EAAA Fig. 4= 2021 %= 78 2024 % 4974%] 2] F<1 7
$&55 A5ste] A ATE Fig 30 AAEE A R BRS 22 w=o T AT ES HolEth
o @ BHSE AFAAA fE5 Ao, )k AT X A 20219 1920224 397449 HF TP
PAC 10%S 60 mgL £¢ 3 308 ¥4 & A5HS sEs U Fds 0330 mgl, HFYF 0116

23t Adtoltt. (o) &-914=] PAC 10% 60 mg/Le}  mgL=E Bt AlAE 64% At E2w &3 Ax|7F 4
0.05% Z2]HE 0.15 mg/L F¢)38to] 3087 AAAZ] A Elo] FE 7]7HQ1 2022 129 ~2024d 2Y 714
mgolth (= (09 A5 MER Wedgo] dA gk SRl 9 0375 mg/l, HIYF 0097
SHA| ZrasQlt mg/L AALL B 3% Z718t9c) B8] At 7]
25 2023 129 A Bl 3U7 Bt
1.562 mg/L, 2| 1.819 mg/Le] T % 2lo] Z9l4]g]
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Fig. 5. Comparison of TMS time data, 2021 and 2023.
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Table 4. Annual chemical usage in total phosphorus treatment facilities and total sludge production at the wastewater treatment

plant.
Year Annual average chemical usage (kg/yr) Phosphorous sludge Total sludge
PAC 10% Polymer production (m%/yr) production (m®/yr)
2019 1,702,643 - 22,291 242,024
2020 1,656,369 - 14,304 216,649
2021 1,728,381 - 15,361 200,870
2022 1,532,870 420 17,356 203,761
2023 1,451,265 3,105 24,898 228,168
Aol fdElgl o, s 17& el 2l AAR o T7HAT thAAIA 20239 Ak TyhR B w3t
£ Wit 883%= FHE WESO Hy TP BEE A% 20219 49 1,4005H10) 4] 2023W 36,0009+
0.192 mg/Lo]Jt}. o]= —f-i—aw a8 A7 = w7 O oF 54007+ 7FAd Ao@ uehgth Zao|
A 2022 109 FAAHAE FY -04 TP s&=7F  &aA] A TX} H]8-21 oF 8,5007H-S 5|45}
2.184 mg/L2 FYEAS o AAE 52.5%} vlwst  fJEl Ledo] A Hch FEjn o] A F7k= dheA
o] ??Mﬂ NS ek dury e ACh AEE 2] 349 %@*é 2 A ZE&A FAb 7|0 B
oA F2 AALES Yetl= B l o] (Edzwald  §F ofE} o)A JgrS X435} dh=d] S A% AT
et al, 1994) = Y7t LSS o it S Stk A A A ZEv AMgo R <l
73% Hrb 2 883%9 AAFLELES YEhd ZAog o A7 LA WAH Tt T IS A @
Heldh Atk FdollA B He &9 TS(%)= AB
E3} Fig. 5% 202187} 2023W = 9] 422 TMS AJ7F 2.0 u]gO & 3He80] 98%S 2A|3HH g ATt A
ARE BA% datoltt 0200 mg/L o4 sl Aol WA He AA &R BT T FAAA
W=7k Zh4skal 0.100 mg/L o]/Fe] A 2|47t WE A &R vFL ABt oF 10%= 22 HjFo] ¢
31227} 20219 2853]0f|A] 2023 185382 7HAalel olo @ upepytrh
=
= opm ~ 4.4 &
3.3.2 E2|H ol HX| Mx| MF AE AT L S2K|
adE dat B SHA A8 ARlE WE R4 258 9
Table 4= AATLTAFAIA 2] 201992 E] 20234 129 GAloll A3 sheA (A48 80,000 m’/day)]]
7R ARgE SxAle A7 AR A LEiR] wg A EF 9 FAARAIEY B AAES FHAA
2 YeRfI glok 20199 R RE Z2n Hg dAyp Bk T0% ol T AAES HiEE AUl f
A= 7] A 20218714 it PAC ARERF 9F 170 oA SAA F LTl EYHE £
ot kgiyr2 LERGTh Zan] &3 Ao =93} 3 22 FAdFS AgstaL, olF AR shA el
PAC AMEEFLS 20219 ThH] 16% 745 Agsto] Y g9 21 EEst 17 &4 o
o] AFgERe FAF He A 20224 pllotoi 420 kgE olf|E stttk At A¥= o2 At

Mgt o, &3 FA7E x| 2023 dEo] 7k
3,105 kg5 ARESFRITE. =iUl 94+ At & PACE &
= FYstas wol ws) o SAIE EFsto] AF
23} A9 PAC AFE-EFO] 7Ué\_ = Aow Utk
(Kim, 2015). AF2-SF #3}2 913}t u]& #Hal= 20214
PAC AM8-23 20231 9] PAC 9 Zajv] A28 &

of

,ﬂ [‘_orl[

=

1. PAC 10%, PAC 17%, Z2|HE A835}0] jar-test
2 A3t A7} PAC 17%= PAC 10% tu] Hot
59% =2 §8S Bk T3 9% T 36 mg/L, 48
mg/L(6.1, 82 mg ALOYL)FsIAE o &<l AlAE
69.0%, 68.4%= 3% A&l 7 4= Ut st
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Ul Hiek ol |

A9E AL/P EH7F 24| S7tekl RaEE
Sotth diE wEE AFEAEY 9T HS-
OFF H|go] ATt 36% FTVIE AR AE ok
PAC 10%%= 36 mg/Lo|A] FLo] 47.4%)A 62.0%%E
AASHA S71stR e, 48 mg/LE st} FA
8- AL/P ZH|7F S7bskAL 9l AlAs Skl i
2313l PAC 10%2} 17%+= 3H+¥ ALO; 6.0mg/LE
Ze 9 T o AL/P =ZH| F7F Zo] AXHA F
QI AA AL ] skt

2. PAC 10% 36.0~48.0 mg/L2} =2 0.05~0.25
mgLE E3 4 2% E¢9S 0.1 mglyt 39
3l &= PAC 10% = 60.0 mg/LE ot AEZH T}
B2 71~12%9) AALS Rt AT dns E
Zelu o] Abgo] Fol AALE golidl fasth:
AR WHon, Am FAHelAHe] PAC 10%
36.0~48.0 mg/L(3.6~4.8 mg ALOyL), Z2| 0.1~0.2
mgLE HHFYBE W92 Ak

i

3. 28w | A& Ayl 20219 ojv] 20239
T AAEL 64%N A T3%E OF 10% FA= o,
2024 447HA) 9] Hat FQA AAEL 76%= LEFE
o 20239 129 wRAsE FRIAPAE §Y =
1.819 mg/Le] 1% 93lso A A7 mgo| 88.3%7t
A Agahe AA AAES B

-

4 Ze]o] g A 20219 fu] oFE ALETE <17}
PAC 10% 27.79F kgo] A5t om &89 3,100 k,
o] Z7tetolth B WrkE AEaele uj 20219 o
u] 202310 OFE H]8-S 54008H9) FrAsRlon], B

o SalgA A EA g 8,5009H8e Falizd]
L6do] £aslt RO etk Zeln Agow
QA el WA W AHo|qr. S
upAepol A A& # X9} ol &el o] Hlgo] oF 80%,

gQ

el vis) el LelAe viFo] we Ao Yslo]
et

B ATE Bof 598 gl A Fel
A B A3 B3 /1E St Aol PHE
BT Fo AARREL AHT & Uk fulE
WHYS AR 53, Belv ARgel Z7ie

PAC AHgwre] Zhat B10HY AelgAold BA 7
BeE TPt s de

3
&

£ A7 FYFeFRdstE w5 A7 713
Z 59 sy 044)
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