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ABSTRACT: The purpose of this study is to find the regeneration method of filter media using physical and chemical
treatment for restoration of phosphorus adsorption ability. The filtration material used in this study is called Adphos. In an
experiment of heating treatment, re-used filter media is heated to a high temperature before the adsorption test. The results
show that the PO,*-P adsorption capacity is in the range of 0.0021 - 0.0030 mg/g and the removal efficiency is in the range of
26.1 - 39.4%. In the experiment of acid or basic treatment, re-used filter media is exposed to a different pH condition before
the adsorption test. The results show that the PO,*-P adsorption capacity is in the range of 0.0010 - 0.0066 mg/g and the
removal efficiency is in the range of 15.8 - 87.1% after the acid treatments which have pH values of 1 - 5. However, after the
basic treatments which have pH values of 8 - 11, the results show that the PO,>-P adsorption capacity is in the range of 0.0018
- 0.0034 mg/g and the removal efficiency is in the range of 26.7 - 48.0%. In an experiment of chemical treatment using NaCl,
re-used filter media was exposed to a different NaCl concentration before the adsorption test. The results show that the
PO.¥-P adsorption capacity is in the range of 0.0036 - 0.0050 mg/g and the removal efficiency is in the range of 50.5 - 71.1%. In
conclusion, chemical treatment using NaCl shows a high recovery probability of phosphorus adsorption ability of filter media.
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AH3}0910 2 ol oA7} Lol thfEn] Fto)

o] F3AAE O] Adso] ol BE o o] M a2 A
1517] 9fet BIFA Q1 AR HRFul o] @5ET (Yun
1998, Jeong 1999).

Fe] AR AL Qli= o A o] AR Dol &f5t A2
B9S2 dLRof|A AR A Sk W T 1eiut
JL2of|A AR HiAIE o857 | wiizoll oA 2] &=4o]
HPAystaL, TS AASH | flsto] g A8l
of 517] wjizof| =2 ol A7} A @ =] R-afigt 7] 2
E48 viEg 227 9tk (Guymont et al. 1980, Kim
and Oh 2000) &Fo}-4] 24 583 AH|7} §lo] 7 4]
o] 7hsobH A Ag IS S5l A2 SufellA] ol g2
=5 35 B A9 o] AjARg| 7Rs st Aol
t}(Cooney et al. 1983). A|2] gufjo] pH HA| & 52}
50| 342 Y A A WS- 9 i Asfstel B
o)) Jeke- = 27 0]} (Grant and King 1990, Leng
and Pinto 1996).

Q10| Ak 52 27, 412 ol nbEe] ol &
S S0 7]ajo] gt 102 2t 9=t (Sundaravadivel
and Vigneswaran 2001), ©]2{3t 7|2+ = 71 29 31 AL
Faolck, Falolet 57149] A5k Aol 4]
] 914keo]e- (orthophosphate ion, PO; )o] 7|80
Fe', AI', Ca” o} A3ta1o] YAEL FAJsI A7 =
o, webi BlAAF | Fe, Al, Ca g Q19 &
2h-gol| FR7F Pk v|A = (AR HArE|Qle} (Brix
et al. 2001, Pant et al. 2002).

2 A7-9] tiiF A7)l Adphos+= Red mudE 7i=gst
of Az o=, HA| g9 70% oldo] FexOs,
ALOs, CaO 2] -0 2 Hlo] 9lo] F4E20] 91o] &
o] vhg- olgh E4o] 9)c}. Red mud2] 29 52}
3 B B HPHE 71E At ARl ol A TheFsiA| ALk

0

[

QJOL} (Yim et al. 2011, Kang et al. 2015), Adphos2]
Q1 29 EFlof| TRk k= m]u|t Aot i d
o Ali= AdphosE 2185 o2 Al @l 7Hs51]
of $FA] lab scale® {7 0] T2} ATE AAfskaL, 2|3t
3k X2joll 1k Adphose] ¢l E21s HalS Pk
A ik 2t el 2700 HE 2o 55 A7)
9 Adphos®] £&AE8-8 HE -H|WFo 2R 7)) AAk
8 7hs4e At i,

2, g+t W

21 M=

Aol ARERE o A= = Ufoll A A= Adphosolth
Hematite, boehmite, gibbsite, quartz 52| 3F-E=2 14
% Red mudE H-¢510] pellet FE|= 7153t ofzfom
FQ2 AEL Fe,05, Al203, SiO; 50|t} (Table 1). o7
£ A& ol-85to] 2174 2.36 mm - 9.52 mm 9]} YA}
E Ao AREBIAL FEHY EE AAE flste] A
Aol S AlA 2 105°CoflA 2417 120 T8 &
Ak

o]
18] AL 50 SR 23 BHATE

E3jo] oo G TR HESk 12 24 &
AAIR] SR QA 91 (POS-P)o]e HAN
2 AN T2 ol ERL IS 1 85}
st

12}, 22} F2Pa ol AR aris KHoPO, (BA1EF
136.09, <=2 99.0%) 5 570l &fsto] Azl on
12}, 22} A8 27)% 5= PO, -P 0.2 mg/LE U 24

Table 1. Chemical composition of filter media used in this
study

Composition Proportion (%)
FexOs 30.98
AlLO; 35.78
SiO, 18.72
Cl 7.64
CaO 4.31
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¥ Al S =0] 93} HISHe “0.003 mglLolck 13-
210 A8k o) 27] B 10 g& 7)o 5}
917 47 =70] wE B2 924 ek 0,005 gol.
Az oS AR TR Ak S A5 HEE
PO,™-P 5 WistE B310] of o] SAF R AATEE
Apsisict

FHABS Sslo] tjre] ATASE ARARLE
24A17E0. 81 9o, Aol Tk 2724171}
2] tk27) AMgsle] ATE vlwstal 9t (Jeon et al.
2010). & Aol A= 12}, 22} F2A 0 2 A% 4]
ARG 2441k AT AR A 7Hsd A E
£ 9fto] 13} TS o) ol o A2, 4bd o17)
A, ofF A2 37| 2 0= A2ft - A xsto] 24
A& e Ysl9ltt. Adphos ] AANE7 He 3 4t
AgolA10) PO, P Z27F W AIA L Hoks Bate] &
HBIAL A= 1k Ao} A= B AR
ool AT

Z17ye] A2| 2y o] % Adphos 2] T fhao] mhE &

ol
o
T,

Age ARSI, 7t H2) 20 F2Hs 5240 1]
2 2A117] Sfto] of i H2) S 51X) ok ofAle] 2t

HE sl v o sl

)

221 & 2|

ARE- & oo A A2|E flef A8et 2% 2
100°C, 200°C, 400°C, 600°C, 800°Co|mH 7FHo]| A&
3} 719 114 500 x 450 x 600 mm 2] electric muffle
furnace (A 2AHdeafsho|oh A2 AR St 2 =
9217 3o |H 71l F S HlA|AlolE o Hst

%,

2.2.2 2 2 &HI| X2

ARE- - o7 o] Al 7] A 2lE $1sllpH 1 - pH 5, pH
8 - pH 119] A 2|-gHof| 24417t 2|5} 3ich. 228019
pH=AVdS wi=pH 1 - pH 5 842 73-¢-HCl A=
36.45, 421.35.0 - 37.0%) 2, G714S W= pH 8 - pH
11 -800] 732 NaOH (5-42F40.00, 21 98.0% o]4h)
£ Aletel 298t

223 24E AMe

ARG o7 of oFE A 2olli= NaCl (AR 58.43, &=
5= 99.0%)= S0l gafsto] S 24417 A8
ot} Z2ke] Al 5%+=0.1 M, 0.01 M, 0.001 M& 2
519101 3 Mole 5= mg/L & W2k A] 717} 5,844
mg/L, 584.4 mg/L, 58.44 mg/Lo|ch.

A

3. Zut A 1H

31 € XNl = MAE

12 E20%8 A3} Adphos?] POS-P FRRE
0.0033 - 38 mg/g, AAELL51.4 - 58.6% HYZ L}
Witk o 7} ghol] 2 A2) 2of| whE Ao 221 F&
A9 AnkE AAEHAC

Z1Zko] 21 27of|A| A2t A= 2 S 423
o+ A= Fig. 13} 2tk 2.8 270 Z|2]gt oS diit
o& Fa50] slEAS ket A}, SRR 0.0021 -
0.0030 mg/g, AL 26.1 - 39.4%, &AL 11.5 -
23.2%2] H$] ol w58k, A (25°C) ] gt
o7l Hlsto] & 2] 3 oI42] PO, -P FX 50| At
Ao Yol Zo@ ZARE|QIE

100 - 600°C H9ollA= & 2] L0] Z71of wlet
AALE AlQ] AAFE] ulujstA F7HIE EHou
800°C2] 11.20f 7kgst oJAe] 74 S 0.0021
mg/g, AATE 26.1%, £48 23.2% 2 LER} 600°C
ofl 7ragt Ao ulate] St 9 A A &L 0] FA Ast
] Wk £A-8.0-0F4.6% Z718E 210 2 UElyith o=
800°C2] 3.2 7o lezof et ojzf o] 3 9 w4
71 50] AkstE|o] x4k | 7 BalfE| a1 Qlikd o 2-0] 52}
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Fig. 1. Regeneration of the filter media, Adphos after
heating treatment.
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olo} - Aae u]ol ] do] ofgt heylow
1= Adphos®] F21%50] 2= EX] o= A0 Lel} of
Ao RG-S SfFt A o ms Hax R Aow
e}

32 A H FI| XM2| = 1HAE

Z1Zk] pH 27104 A2jst AR 2 SAAES
Z}=Fig. 29}tk HCI-§Hof| 244171 22| 3 24418
A3 A9 S2e:2.0.0010 - 0.0066 mg/g, A1A
FE215.8-87.1%, 4E210.2 - 22.9% WollA ¥
539t (Fig. 2). o] 0 & =2 =27} Lehd pH 1
208 AQlgt pH 2 - 5 279] AF Aik= FARF]
0.0010 - 0.0028 mg/g, A7 E-80] 15.8 - 54.2%, A&
0]10.2 - 15.5% H2|%ch

pH 1 ZZofA] Hefgt of 7<) 73 22} S oA
PO,”-P 3:2}250] 0.0066 mg/g, A|AE-80] 87.1%= 3.
A F53he ATE At o) et Aol 23] o]
7} gk E]o] Q1] A o] S| wheh Fakso|
3 At st

Z3Ad ENol| HA|gE AL - AL Al TS S
get Ak, 2% 574 10.006 g2] ARE 12}-S2HFH| AL
S35 pH 1§l MA|staL 244710 3k 5 o7 o]
FAR=7.962 g 0 2 A2|thu] SAE2 2F20%0] E3 O
™, 015 A7 2 2SS 4=8eh A} of R o] FF 5
AR=T7.717 g, F£48-2-22.9% 2 VeI AF A 2o
AMESEHC] -80S BT At} of )| o] s = Qlate] A]e]
golo] SSko] 35.0 mg/L7HA| 27151331 PO -PL] &
72 0.678 mg/L71A| =&=9]ck (Fig. 3).
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Fig. 2. Regeneration of the filter media, Adphos, after acid
and basic treatment.

pH 1- 2 H919] ZAlg -G-Hof| ofgh A 2= of 2] =4
&0 Ztf 22.9%7}4] 2|5:0}F Adphos A ARE-E2] <}
1/52] 4o] MG = T 0 2 Qlsf AR Qo= A
2 E7 ks sl It HCI 37keko] vlars] 22
pH 3 - 5 §19]2] 22700l Z|2jgt ofAf o] A &4e W
oA SF=poll ARt A vl A1 S LR O, o]
79 ARG 7S] POS -P A|A E:g0] 2 E0 2 A5}y]
o] HCI X7}& 53k AF A 23H-S Adphos @] A2
RO &2 2 7] ofct st}

NaOH -§-Ho]| 24 A7} Z A 5 A7 & AR A E
O] 789 FA20.0018 - 0.0034 mg/g Hf]of| A H55}
P A A TE-226.7 - 48.0% HJoA] BlFatHom 2
A B3] 12 2 SRS 14.1 - 15.4% W8] ol
ZALE| ATt (Fig. 2). f71A 2] e 2 Y AlA RS
9] FEAo] AR G2 AoR UEpgom ol=
ligand exchange©] T2 Adphos?] SZEA O & AlR
FHc}. o7 9] FrHof| A Yojuf=ligand exchange+= 44k
Slo] & (OH)o] HEE| L Qi o] 0] F2teh=7]2}0]
t}(Lietal. 2006). “L2fu} o2& =2 pH 23] leEA]
71 745- Qo] lsto] 0] 7} ot o 25E A
2§l E ARlo| 20 HEo] ARSIA YoubA] o
1, wh2bA] ligand exchange?F ES1A| o] F01A] 4] 912
A0 2 AlREC)(You et al. 2014, Kang et al. 2015).

A7) Aol AREE-gulo] PO -P AEHS 2%
3 AT} =2 pH 270)4 o7 PO, -P -§20] 79
OJURR] Qe A ol TEEIQIAL (Fig. 3), ol w2k 22t &
2ol 4] o] FRIF W AlA fEo] At Ao FA
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Fig. 3. Analysis of released PO,*-P and suspended solids
(SS) from the filter media, Adphos, to the solvent used
acid and basic treatment.
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A1} 02 Adphos?] A ¢J5t Hleto 2 o 7]
A& ATEEh A pH 8 A o] oked7] 2]g] Z A A TX
50 31 0] 353 A 02 WE|L, pH 10 o]44] 7 7}
H7] 221004 x{a]g} A5 E2s0l A9 A EEA o=
o2 AlRHr.

Ol

3.3 AUF A2 = MAE

21249] sl 2704 A2t A= SRAES 4
ﬁe-ﬂ]“fFlg 49} 7t NaCl -g-lof| A2|et Asdte]
+=0.0036 - 0.0050 mg/g, A AAE-250.5-71.1
18-2-15.6 - 15.7% W= AL B 23t
W E T F2s HollA] EEAo] AEst AR
E3]0.1 M 35=2] NaCl £-90o]|4] 24A|7F

A0l 742-0.0050 mg/g, 71.1%9] 951 &
T A ALES AT 25 E ] NaClol| 42|35
259 BlEAJo] 22 ATE UeRll o &A80] 7
$-NaCl9] #2] 5ol whe #2432 n|efsioirt.

7] AeldolA pH 242 9J8) A8 NaOH2)
A7V M 5522 3R A] 0.0001 - 0.0006 M H 2o ™
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M 52| HEIE 83 on = 7] A 270 vlste
oRE Ag] 2719] Ado] dlgle 27loA] = glrtar
sk 4= Qlek. T3 NaOH §-94-8- o[- 83t A e]diat &
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Fig. 4. Regeneration of the filter media, Adphos, after
chemical treatment using NaCl.
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