Journal of Korean Society of Water and Wastewater AotEEsHE K| =2
Vol.25, No.3, pp.383-390, June, 2011 257 3%, pp.383-390, 6&, 2011

Pilot Scale Plante] & &% MBRS 0[&¢% g 29| AAHAH ZH 7Hgt

Development of High-rate Nitrogen Removal Process Using Submerged
MBR Packed with Granular Sulfur of Pilot Scale Plant
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Abstract
In this study, a process combined biofiltration with sulfur—utilizing autotrophic denitrification and membrane separation was
proposed to examine the efficiency of nitrogen removal. As an experimental device, hollow—fiber module was installed in the center
of reactor to generate the flux forward sulfur layer in the cylinder packed with granular sulfur. In addition, a simple module was
installed in activated sludge aeration tank which inside and outside of sulfur—using denitrification module was covered with
microfilter and the module was considered as an alternative of clarifier.

The experiment for developing new MBR process was carried out for three years totally. As the results of first two—year
experiment, successful nitrogen removal performance was revealed with lab—scale test and pliot scale plant using artificial
wastewater and actual plating wastewater. In this year, pilot scale test using actual domestic wastewater was performed to prove
field applicability. As the results, high—rate nitrogen removal performance was confirmed with about 0.19 kg NO;”—N/m? - day
of rate. Also significant fouling and pressure increase were not found during the experiment. And, the production ratio of sulfate
and the consumption ratio of alkalinity showed a slightly higher value about 311 mg SO /L and 369 mg CaCOs/L, respectively.

In conclusion, the developed MBR process can be utilized as an alternative for retrofiting existing wastewater plants as well

as new construction of advanced sewage wastewater treatment plants, with cost—effective merit.
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Fig. 1. Submerged MBR Packed with Granular Sulfur of Pilot Scale
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Fig. 2. Schematic Diagram of Submerged MBR Packed with
Granular Sulfur of Pilot Scale.
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Table 2. Composition of the Influent Wastewater

ltem Influent
Range Average
pH 71 ~ 83 7.8
Alkalinity (mg/L) 420 ~ 720 574
TBODs (mg/L) 61 ~ 142 105
SBODs (mg/L) 123 ~ 93 57
TCODg (mg/L) 145 ~ 471 262
SCOD: (mg/L) 57 ~ 156 9%
TKN (mg/L) 29 ~ 63 39
NHs~N (mg/L) 19 ~ % 30
T-N (mg/L) 30 ~ 66 40
SO#” (mg/L) 106 ~ 481 358
Table 3. Summary of Experimental Conditions
Loading rate FIM rate
Phase N Sl (ko NOg‘—lgl/ms—day) (kg SBOD//kg MLSS-day)
Phase 1 24 0.5 0.18 0.02
Phase 2 12 1.0 0.33 0.05
Phase 3 8 1.5 0.33 0.06
Phase 4 6 20 0.33 0.08
F HES-F0] A7]%= WHxLo| 212} 7060150 cm ©]™, HRT 12 hr, % 1.0 m%/d, Phase 3°14= HRT 8 hr,
g Z2 MBRO] #0]+= 55 cm, 2]4%-217d 48 cmeolH, Y- 2 1.5 m’/d, Phase 4¢14+= HRT 6 hr, % 2.0 m*/d
AEE 259 AL 16 cmelth Vel 78S 715 2 sl
Oﬂ?(KoemgQ} Liu, 1997; Koemgﬂr Liu, 2001) oA & 495 9 $E59 NBEEALS Standard Methods
A

= 1284 of
= Bzl —’F%:éz 0]3—01- SR 2N LX)
AZ o, %d7d-E Table 20 WYERHSIEE 952 +4%

o
5 T AR A AA FUdee A Bt 250 mg
Ovf, Akt gl gk e Wk 4

CaCOy/L 5= YERL
R ¢ EE st TERRER SR oF 400 mg

CaCOJLE] PPIESE BF3) Fch W32 V1) MLSS
FEE PIEAT 20 v £ Slet
o] 2,500~3,000 mg/LE A5F4c).

Table 3o & 232 phase® +dF4S Vet
AR Z 4oz Waslglon G2
ARt d 27] dmol= g, YT 4
oo} HRT (Hydraulic retention time) & 7|5 ©.2 phase
£ 27431t Phase 1914+ HRT7F 24 hr 0.2 #9145
7} 0.5 m’/de] fEo® 915910, Phase 204+

|

=53}Z phase®:
J/do] At

(APHA 7, 1998) 9} 829 3N ER (35, 2004)
o] F3ske] AAEII pHi= pH meter (Orion Model
250A)§, %PLE]E_‘* x%x%tﬂ_o_ o]j}_g}oﬂ o:q DH 4. 37]]—%]
ARgozN 483k NOs -N, NOy —N 1)1

S0,% 59 go]& B4 (.45 um membrane O o] 7}st
T o] AL column(Transgenomic, ICSep ANSC)

3} conductivity detector (Waters, 432 Conductivity
Detector) 7} #2t#l  Jon chromatography (Dionex,
DX—-500) & A3kt 242ke] Ay 5 9 FAUHS
Table 4° YERSI T,

3. 4

gk

At A s

31 ®RIE

Pilot—Scale ¥H-g-ZolA F4-7E52 BODEE HskE
TBOD$} SBODZ “-i-35}e] Fig. 3, Fig. 4o Yol
TBOD? #4¥H# 55 phased®E 2+t 106.8 mg/L,
109.2 mg/L, 103.8 mg/L ¥ 97.5 mg/LE YEREo M,
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Table 4. Analytical Methods

[tem Analytical Methods
TKN .
NEREN Macro Kjeldahl Method of Standard Methods
CODcr Dichromate Reflux Method of Standard Methods
BOD 5-day BOD Test of Standard Methods
Alkalinity Titration Method of Standard Methods
DO DO meter (YS| Model 58)
pH pH meter (ORION 720A)
NO> —N
NOs -N lon Chromatography(Dionex, DX-500)
SOZ
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Fig. 3. Variation of TBOD in the influent and effluent of the

reactor.
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Fig. 5. Variation of TCOD in the influent and effluent of the

reactor.
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Fig. 4. Variation of SBOD in the influent and effluent of the

reactor.
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Fig. 6. Variation of SCOD in the influent and effluent of the
reactor.
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Fig. 7. Variation of NHs-N in the influent and effluent of the
reactor.
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Fig. 9. Effects of loading rate on sulfur-utilizing denitrification rate
in MBR packed with granular sulfur.

7} Skl uet Aakslgo] wop o2 A 3 F31 REY
2] AL Y EErt wolbxly] Wit o w dhEn)
ol AAAALEEE  phased®  ZH2b 0.13 kg

NOs —N/m’~d, 0.23 kg NO; —N/m’-d, 0.14 kg

NO; —N/m’—d % 0.26 kg NO; —N/m’—d= }epxi).
AA Whgze] the T-NF-I7a W Ddsiegle] 2

B E Fig. 9o UERGITE T-N9J 9044 Hahs

At 0.09 kg N/m’—d= Hepgton o np AALE
3t 0.044 kg N/m’—d= Jepeh.

rlr oft

auh)

19 Wgel 7158 o|§oR: S5 B3}
% %9 shh ol AHOR QI8 el
gtk ARlole, kb  edejals gl s
5] S5k pHASHE WAek] Slal Fie ool ezl

A7V Frolof @), o3E] ATRE(Zhang® Shan,

i

0.
a B e oo

.

ﬂllﬂl

1999, Mann %, 1972) ¢l <J3) 3 &4 Uw” 7o) &
2 pHell thgt A7} ==l o, 3% pH 6.5~7.5
2 H7 pHE AT 2 Aela o) §9-425 <2

A= A
4t 250 mg CaCOA/L g

Fig. 109 Lehisich, A4 f14-) Ae
YER oL Aaks) 9l skt

Phase 1 Phase 2 Phase 3 Phase 4
1

058

08 —&—Inf loading
3 o7 —O—Removal rate
E
£
=
)
H
]
£

0 20 40 60 20 100 120 140 160 180
Time (days)

Fig. 8. NOs;-N loading rate and denitrification rate in MBR

packed with granular sulfur.
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Fig. 10. Changes in influent and effluent alkalinity.
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Fig. 11. Comparison of theoretical
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Fig. 12. Changes in influent and effluent sulfate.
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