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Abstract : Recently, auto-thermal thermophilic aerobic digestion (ATAD) has a great attention for destruction of wasted sludge
biomass in wastewater treatment plant. Reduction of sludge concentration has been successfully achieved with pilot scale ATAD
and ceramic filtration process in field condition. However, high concentration of COD, total nitrogen (TN) and total phosphorus (TP)
was observed in filtrate, which should be treated before recirculation of filtrate to biological wastewater treatment plant. This study
was focused on removal of nitrogen and phosphorus contained in the filtrate of ATAD, using struvite crystallization method. The effect
of operational and environmental parameters (such as, N, P and Mg ion concentration and molar ratio, pH, reaction time, agitation
strength, seed dosage, and reaction temperature) on the treatment of TN and TP with struvite crystallization were evaluated. Mag-
nesium (as MgCl,6H,O) and phosphorus (as KoHPO,) ions were, if necessary, added to increase nitrogen removal efficiency by
the crystal formation. Average concentration of NH,"-N and POs”-P of the filtrate were 1716.5 mg/L and 325.5 mg/L, respectively.
Relationship between removal efficiencies of nitrogen and phosphorus and molar ratios of Mg2+ and PO;"-P to NH,"-N was examined.
Crystal formation and nitrogen removal efficiencies were significantly increased as increasing molar ratios of magnesium and phos-
phorus to nitrogen. As molar ratio of Mg”" : PO;,"-P : NH,"-N were maintained to 2:1: 1 and 2:2: 1, removal efficiencies of nitrogen
and phosphorus were 71.6% and 99.9%, and 93.8% and 98.6%, respectively. However, the effect of reaction time, mixing intensity,
seed dose and temperature on the struvite crystallization reaction was not significant, comparing to those of molar ratios. Settled sludge
volume after struvite crystallization was observed to be reduced with increase of seed dose and to be increased at high temperature.
Key Words : Auto-thermal Thermophilic Aerobic Digestion, Mole Ratio, Struvite Crystallization, Nitrogen Removal, Phosphorus
Removal
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Table 1, Characteristics of auto-thermal thermophilic aerobic
digestion filtrate

Parameter Concentration range Average
TCOD, mg/L 2437 2-2951 5 2694 4
SCOD, mg/L 2424 4-2411 5 24180

TKN, mg/L 1750-2550 20237

T-P, mg/L 154-561 4197

TSS, mg/L 17.6-425 30.1

VSS, mg/L 154-245 20.0
NH4™-N, mg/L 1631-1802 17165
PO,>-P, mg/L 138-513 3255

pH 8.6-8.9 8.78
2. M3 a2 L e

2.1. 4 /=2

2.1.1. H| 4 MM

2 Aol AHEE Hape s Al Qlo] FhE AL
2 2714 &8 423} ofijofoln, o] ofujolS PAFETH
Saol ARESIGATE H4=9] A Table 13 Zom, ¢ofn
ol H49 Wierl 17165 myLo|1, QlAtdelo] &
= W 3255 mg/LE IRE QL B3] i Hl4=9] F4
2> tfB] fuobd 0] HlE-2 84.8% o]4tollaL, F4l
tjr] Q1ATEQ1L] H] L2 77.6% ©)AFel Ao 2 Ueh} Struvite
AA3TE hgol A AR A

i

2.1.

|]0II

2. A=

& 37 l“ ’“-“47\] 2:3} o2}l O] Struvite A3} HH3-3
RE A3L 679 paddleS 7} EF Jar-testerES 0]
g5ttt addledﬂL shafti= AH|JIH A AHE AZFE AL,
paddle®] F7|= 25.4 x 76 mmo|t} WHFEZ]= 0~390 ev/
min® 2 3HALE 24T 4 Q== tachometere} =74 %
A2 A4 FHAqck AF Al ARESE Jare= 115 x 115 % 210 mm
o] =2719] ot=zd A= AAE Ut #H49] 420 L2
dAHA skolem, pH 245 3] 8 N NaOH % 2.5 N
HCI& ©]&3}t) Struvite A3F A|2Fo 2 MgCl, - 6H,0,
QlATY W ZA|¢ko 2 K,HPO S 247 2.5 M} 3.0 Mo =
oe zAlste] 4 A Ao Festelr.

R
il

o 40
rSL'

Jaro] thAt T]—’F 20 L
YA T 27
U7} 1:1:

Lol A e Jé@‘ou F9ZA 8 N NaOH 2 25 N HCI
& o] g3le] HHS pHE 6, 7, 8, 9, 10 X 112 A3 & 7}

r}o Gl
k1
AN
\ o
o
<
(IQI\)
)
9
Z
a5
1
o

I Journal of KSEE | Vol.33, No.11 | November, 2011



R TR
Struvite ZM3} H22 0|23 T2 25} o{TjoHo| N, P 2| EA

Z+o] pHol A 20 min Z¢F ¥H-2-A]H T} Struvite 13- & ¢F
ujobd A 9 Q19 A2] A& B7Isr] f18ke] 30 min
AH & JAAEY F9E S5k, F55E AFstke] 045
um membrane o X2 o]T}SF & FH oA 49 Q1S B
A8kt oju AFE-3F pH meter (InoLab pH-720: SenTix &
=, WTW, Germany)+= 1] A3]ulc} calibrationdt & AF8-3}
Atk

2.2.2. WHk A|ZH 2 mHE 2 o] Hsk
Struvite 273} WE-A] 1R Alﬁ(td)% 1.5, 3,5, 10,20 %
30 min® & Hk-$- A o, WH A= (G)=
85, 135, 230, 350 2 500 sec’ oA AAF} WIS 435}
At olE flste] W pHE 221804 29 =y oy
Aad] 7% 9 19 AAREC] ¥ £HA Fyrt E&
27082 ¥hgZ shglen, ojggt 24L& whgo| FRd
w7hA] AshA FAsk] FHrh Mg i PO I NH, o] &
Hl= oAulAEE Foto] 249 12:1:12 24sto] AH
3}t oluf pHE 9.00.2 A5t T Wit 7ZF=(G) 230
sec oA Hhg-o] o] RojHrh kg FE T Lol A
oF Q1] Al EAS B8] f1ste] 30 min F3F A A
1% WA= a5 S48k, A55E AFIste] 045
pum membrane oA = of{h & QtH U obd AL} E
=455

a
1o
g
-
4
i

Kl

2.2.3. Mg®" 2 PO,>-P2| %X Z= ¢

Mg* W PO"e] A FIe AP e s
20 LE F#4] ¢ & w5ufjo] Kof 9li= NH, 9] BHlE 12

71EoR st Mg W PO 9] F9) ElE wisteto] Stru-
vite 23] H 19| FQlFS =&l shgich Mg 2
PO, o] Wsket 2u] 242 Table 29} Zth. o|uf pHi= u}
I AR O] =9 SA] 2218004 A E Y
obd Mol FE 9 Qo] A Age] &1 LA Ruj7}
o oz PAT T 20 min £t 230 sec’ .2 HFS A]
itk etyoby daet 1o M| 54& BH7lel7] $lste]
30 min YA F PHE] Hulg 24 FE5E o]

0.45 pm membrane HJA| 2 TR & WA} Q1S AT

oxl oM

Table 2, Molar ratio for the struvite crystallization
Mg, mol/L
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