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Special feature: Natural Water Purification Technology
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Phosphate Adsorption Characteristics of a Filter Medium, Adphos,

and Its Efficiency by the Filtration Experiment Combined with the
Vegetation Mat
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ABSTRACT: The purpose of this study is to analyze phosphate adsorption characteristic of the filter media applied in water
purification technology. And it is also to observe the removal efficiency of the technology that was developed by combining
the purification abilities of filter media and the vegetation mat. The filter media, Adphos, is the subject of this study. The result
of adsorption test shows that PO,>-P adsorption characteristics of Adphos is determined by the Langmuir isotherm model
fitting and the gm (Maximum adsorption amount) value is calculated as 1.162 mg/g. To verify the removal efficiency of the
purification technology, a lab-scale reactor, including a 400 mm depth of filter bed filled by Adphos, was manufactured.
Yellow flag Iris (/fs pseudacours L) was planted on the vegetation bed and the coir-roll was used to fix the root of vegetation.
The reactor ran 8 hours per day over 71 days, and the results of filtration experiment show that average removal efficiency of
SS, T-N and T-P were calculated as 94%, 41% and 64% respectively. With these results, it was proved that the purification
technology is highly effective. And for the long-time use, a maintenance guide is also required.

KEYWORDS: Adphos, Filtration experiment, Langmuir isotherm model, Phosphate adsorption characteristic, Water purification
technology
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(Fig. 1). Hematite, boehmite, gibbsite, quartz 5-2] 3%
=2 745 Adphos+=Red mudE E5}0] pellet HEf
= 7h53t oAfjolH, A 39] 70% ool Fex0s,
ALOs, CaO59] 450 & H]o] 9o} (Table 1) 912] T2}
o] ufj g golst EAo] Itk (Kim et al. 2016). oJA= 4>
FEE AT S AE ol8sto] 274 2.36 mm o] ¢
A ARSI, ofaf Al 85t 1 S EAAH
S A1 oftfe] FAEAS B

A) 0] 5128 018} 7|HIR|= oA -5 & (coir roll)©]
] AL WBREALY ([ris pseudacours L.)©]t} (Fig.
1). =g A2 = B2 (Iridaceae) Q] o #slato] &2
ZroEa) 7] ukds oF 30-40 cm7bA] AFeal e Hoj A A
Z7)7H 2= EAo] Qltt (Reed et al. 1995, Thunhorst
1997). T3 5= 0] 7184 f7 184 oA = A

7hs e OMEH*JJ— 7‘1]7% & E Aot Qlo] S
= Uehf] AAE
1986, Ansola et al. 1995, Asai et al. 2006).

Fig. 1. Photographs of filter media, Adphos (a), vegetation bed, coir roll (b) and vegetation, yellow flag Iris (Iris pseudacours

L.) used in this study.
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Table 1. Chemical composition of the filter media, Adphos,
used in this study (Kim et al. 2016).

Component Proportion (%)
Fex03 31.0
Al,O5 35.8
SiO, 18.7
cl 7.6
CaOo 4.3
202 ME Wy

22.1 SLFHAIY
oft} Al 4-a517] 4 Adphos®] 91 (P) T3 B4
sjofst7] Sfsle] SLFHARE AWt S
& golo] lR)S Yol St Zgehe 554 F1-

Rl 0 2 2|3Elel o o= QA7 E2 4] ok 27]
Sl FE3t l{P Qb= F2HA Thof g

Uofui= 2121 HHolTt (Pak 2016).
FaHA10 A}&Lﬁi Be 5400 KHLPO, (341
136.09, <= 99.0%) 5 23lj6le] 27| 1Ak ¢l (PO4 -P)
= 71740, 1,2.5, 5, 10, 20, 50, 100 2 150 mg/L & 4%
SiiaL o] Al golo] o 5 g o] oS AT T AFRE
24N AL W 7 ok e PO P
S5t oAl FAE =29 4 q (mg/g)r=
Eq 11_]— o] AFESaL (Volesky 1990), 7] =2} 3
HerE 5252w d9] Langmuir =2 (Eq. 2, 3)3}
Freundlich 22 (Eq. 4)o]) 28510 AAIS: (RY) Zhol
e AoR WlE BUS Hao wde Agsdrt

(Lee et al. 2009, Hong et al. 2010).

(Ci _Ce)

oJ7]oA] Vi guje] B (L), C= 27| PO, -PEE
(mg/L), Ce= 5 PO -P B (mg/L), S oA
(adphos) A= (g), = 2 (mg/g)°lch

q  bxC, a2
q, 14bxC. (Eq. 2)

A7101A qi= S35 (mg/e), g 2T 21 (mg/g), b
L3374 (Lmg) 9 Coi= o] =28t 3 PO, P2
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Fig. 2. Diagram of the reactor used for the filtration
experiment.

A 5= (mg/L)ofoh
Loy, b Eq.3
C _quq ( q. )

0%7101]*1 = 2 (mg/g), qne= 2 S2F (mg/g), b

£33 7% (Lmg) 9 Ci= 330 £33 PO, -2
A F (mg/L)otf

q=K; x ¢ (Eq. 4)
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O 5= (mg/L), Ke 1/n Freundlich Al=o]ck

PO, P ZAHPHO SR JA] S22 @ IR A]
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2 #-851%Ic}h (Ministry of Environment 2015).
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Y= A= 3 (A| 24 Shenchen Pump, 28 YZ35)
£ ol83lo] §UAE 60 midayS AL, A
1 B AL 0.2 Aol BASHTE 904K o
S SR el Bl4jelo] ALgsigLon] elael 4
A}E Table 20] AAJSHSIH: BES7 = U 8 AR 7Fs

SHRAL e R Ere] Al 124 23] 1 LY 3435}

Table 2. Water quality of influent used in this experiment.

SS (mg/L) 39 2-110
BOD (mg/L) 8.0 4.0 - 16.2
T-N (mg/L) 3.69 1.16 - 7.25
T-P (mg/L) 1.24 0.15 — 4.86
5
[y
4
3 8 L ;v:ooesgxfo.o593
=, R2=0.9915
e
1 .
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e
» L@y = 14287x-1.2027
R?=0.9682

log q

loa Ce
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Fig. 3. Langmuir (a) and Freundlich (b) isotherm model
fitting for adsorption of phosphate (P) by the filter media,
Adphos.

2015).

Adphos @] 91 Z2FA13] ALE Langmuir W Freundlich
g5k (Fig. 3). Langmuir 22
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Table 3. Comparisons of maximum adsorption amount of various adsorbents.

Adsorbent gm (mg/g) Reference
Adphos 1.162 This study
Ca-impregnated activated alumina 2457 - 2.747 Kang (2013)
Biochar derived from oak tree 0.1 Choi (2016)
Lanthanum (lll) loaded granular ceramic 1.047 Chen et al. (2012)
Opyster shell 0.833 Lee et al. (2003)
Olivine 1.029 - 1.507 Lee and Yim (2011)
Pinus rigida powder 0.216 — 2.980 Jeong (2015)
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Fig. 4. Removal of suspended solids (SS), total nitrogen
(T-N) and total phosphate (T-P) by filtration experiment
using the filter media, Adphos.

mg/L It} AA TS 57-100% HYZ vehtor 3
Tt 94% = o] Ff-E o] A= Sich Ad & Al
7HA] SS AABEL] a7t oA WA= A] ghote s
&, Adphos 2] SS A A7 |2k thF-E F=ol| 23k F-aL
P2 o 27 0 2 gichE) webA SS fol e
2 5P iz S0 AJES AXE 9 o179 247}
AR SHAIZE = S AL R AFEEL (Lee et al.
2015), oA HlAY 9 oAz} jof) 32 8)E @ HE A= 5
O] BA1H sfdo] R %} (Park et al. 2008, Kim et al.
2009).

T-N 3520 739 74 = 1.164-7.254 mg/L 9]
Hol2 B 3,680 mg/LE UERS T -§2 55 =0.024-
6.534 mg/L2] W2 B 2.313 mg/Lo|3ich. A7 &g
2 5-98% 9|2 UEpom Wit 41%E ettt 12
U Z 719710] ofibid] 5 27191 799 AlA m-E0] 3
o 12%E 71535 Zlof| viste] o2t F $71Q1 99U A
ArEE 16%= slesio] 7] 4o ke o2)9] J5
A5} M| R Qi

T-P &=9] 72 34 55+ 0.150-4.860 mg/L 2]
HE Ht 1243 mgLE YAl §55 she
0.012-4.812 mg/L 2] HSJZ H3#0.538 mg/Lo|ict. A
ARE-2-53-99% H9lo|H Hat 64%E Ve A
27101 7ol 7|4 0 2 Q19] -g=0| o H AlAR
& 32%E Ve oW A 57191 8ol Bt 84%E
S50 oAl ol AAALS B, A 571919
ol ThA] AIA 50 Bt 62% 2 A8l = A4S Bt
AT R|&of| w2 A A AEE] A[517} BlaLA] f5isk
Al TEE| 0 B2 Adphoso] 2Jg 91 A| 77122 5814
AR eJgt AjA 2 kTt Q1] SFehA I Wol o
Gl F4ol 22 AT, Fe'' So| tlmagld), oleidt &
Frlg o231k A o]2o] =4 2] Qi o] 23} Agtel
of IS skl lsloles WEsk= 7]Zto|th
(Choi 2012). Adphos =8 452 60% ©]4}0] Fe,0s,
ALO; FO& FAEo] 9lou g ofzf oA 3}5h4
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o) 2 FFS o 2 S A o) A8 Al 7Y
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