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Nitrogen and Phosphorus Removal in Long Term Pilot Plant Operation Using Submerged
Hollow Fiber Membrane and Ferric Chloride

Cheong, Jin Ho - Heo, Yong Rok - Im, Jeong Dae - Lee, Eui Sin* - Park, Myung GyunJr

*Environmental Research Team, Daewoo Institute of Construction & Technology - Department of Civil Engineering, Suwon University

ABSTRACT : Pilot scale vertical-type membrane bioreactor was operated to examine the effect of FeCl; injection on the removal of orga-
nics, nitrogen and phosphorous, and additionally trans-membrane pressure (TMP) was observed. The membrane type was hollow fiber mem-
brane with pore size of 0.25 pm, and the material was polytetrafluoroethylene (PTFE). The membrane permeate was continuously removed
by a pump under a constant flux (25 L/m’/h). Air back-flushing technique were adopted to reduce fouling. As a result, TMP was increased
more slowly than that of the operation without air back-flushing, During long-term operation, approximately 310 days, the injection of FeCl
was effective not only in removing phosphorous chemically but also in reducing TMP increase. Furthermore, while the average COD and
T-N concentration of the effluent without FeCl; injection was 14.3 mg/L and 6.0 mg/L respectively, that of effluent with FeCl; was 11.3
mg/L and 6.0 mg/L respectively, which confirmed the effects of FeCls.
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Fig. 1. Schematic diagram of the vertical MBR reactor.

Table 1. Specifications of MF membrane
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Table 2. Operating conditions of the vertical MBR reactor

Constant flux(L/m*/hr) 25
Maximum transmembrane pressure(kPa) 30
Air flow rate(m*/hr) 75

Working volume(n’) Aerobllc zone 6.7
Anoxic zone 4.9

HRT(hr) [N

SRT(days) 45-50

F/M ratio 0.10

MLSS in aerobic zone(mg/L) 10,046

Table 3. Process performance of the vertical MBR reactor

Raw water Treated water

Parameters Units Standard Standard
.. verage ..
deviation deviation

Removal
%

Materials

Polytetrafluoroethylene

COD¢:  mg/L 1902 377 13.0 5.6 93.1

Pore size(um) 0.25
Area(m*/module) 3
0.D./I.D.(mm) 2.0/1.0
Dimemsions(mm) & 150x1200H
Type Hollow fiber

SS mg/l  113.0 324 0.2 0.2 99.8

T-N mg/. 319 6.2 6.5 1.1 79.2
T-p* mg/L 532 1.3 233 0.5 55.7
T-P**  mg/L 4.8l 1.5 0.46 0.3 89.7

*without FeCl;, **with FeCl;

oot 5ot x| 2738 112, 200582 11&



170 F% - 518% - 934 - 094l - gz

38, A AAE A %ﬁ 02& 33% FYFCH)S A48
SR AE FYol wE vrex pH $X5 98] 33% NaOH
gag A9 wo}w. A2 Y FPe
Yoon 5Y0] AAIG 4 (1) o] &atd 1.3 Lidayz s

b A=
Dose(g/doy) = %X&‘ (0

P
A (DA Qe FZm'/day), Co= SIAE EYs1A @
FE W fUdFYd F QA FEG] mgl), C= EF 534
(0.5 mg/L), MWee BP9 EBA42(162.5 g/mol), MWp=
AFE ) BAZHOS gmol), S HAL(1.58 vtk
E49FEL2 COD, SS, TKN, NH,:-N, NO,-N, NOs-N, TP

&

AR 2EFFE ot A
71N e 7her1E ARt 25T 35T 228 248

31. 27194 RR0 ©E 2|y Eisy

Adgo] IEEE AA5E MBR 98z 3% od &
RS WA AAY, BB FAACE Wek ol
A od AR B Tad TS0 A4 T oy
2 fusls Aoz 4#A Yok AXE MBR pilot plant
47183 AYel A B 0@ Had Pdomy Ty
AU BBYE AR B71AAE Fie 290 ud
ANY £ 3 % Eeo] 2 YABE FANT Fol
S RolA ol BaREoR EEE FUgoRy B
349 FAIAY & 3B = % AAEe any
o2 Ao Wiolth /9L W 6X1 vtk 229 F
A7 Bl A 302 5 2 bare] FHFNE AT
£ B9 % v T 9yue Agsdn

Fig. 3& 37194 §7 Be FR557 Sage

Particles removed by
pressurized air

Particles accumulated
at outer membrane

Membrane wall

Prindiple of backwashing

Steady state

Fig. 2. A principle of air back-flushing.

AEE Ve Aotk 9% 23248 99 A&
25 LMHZ 4334 fAsdx, &4
Aot Asg BASET F71YA
Me 212 & oF 3090 AYHAREH E3Lg 7}
BE7F ByAe Ag FAY 5 e dEd ZrgAE
AN Afde FIIHLR 453718 ¢ URE F98
o & ¥ BAE oFgEdSs @FANAoEN EHEEY
HAT STl YA gtk &, AX3¥ MBR 39
A Hod AZE A% FHo2A FFTAY RN 9K
2 ZV9AIE Arlste Ao &HFod, gatE A3 §lo]
T 7% FEAR 230 7Hed AloE #erE

-1 _4.4
N,
A
on
<
2
R=)
cln
dn rlo

3.2. 7| 2H0 mE FuRS U FHUHS| HAS

Fig. 4] AA A2 B 3553 old w}
Fgtele) WsE vehgdt £377% B9 Eed
LMHZ 438 fAsgeH oge TMPY ASS
2d, 24 2% 3 oF 1009 E42 F3LFHol 12 kPa o
el A MM FIlstRAR 2 o|Fo FAT TR 4
o2 AN WA F 18099 ol2HMNE FF AF
9 71202 HAAF 30 kPao] =gatglth

ol F718A FNGANE BFetn vhgx W HEY
Aate 5 %éﬂ@ % 1849 27kl JalA aa44Q 7]
A7} o] td 2E slaRe] o FHOA R
Aola Fo] °é EFM F43 29 ool AFHY) of
Eo2 #ddthFig. 5).

Without air back-flushing With air back-flushing
35 30
30 e EeCeUeeeeeeeqeeeeeteeeeiitaeeeueeieescesseeeee
2 20 F
- i
g 20 | %
E 15 —o— T™MP \;
10 —O— Flux 410 £
5 "
0 1 1 1 1 1 1 1 0
0 10 20 30 40 10 20 30 40 50
Operation period (day)

Fig. 3. Variation of flux and TMP without and with air back-flushing.
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Fig. 5. Fouled membrane module after 180d of operation.
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Table 4. Effect of FeCl; injection on CODg,, SS, T-N and

T-P removal

CODCr SS T-N T-P
Content Eff. |RE.| Eff. |R.E.| Eff. |R.E.| Eff. |R.E.
(mg/L}| (%) | (mg/L)| (%) |(mg/L)| (%) |(mg/L)| (%)
without FeCl; | 14.3 |92.4| 0.2 [99.8 6.9 |[78.6] 2.33 |55.7
with FeCls 113 19391 0.2 199.8| 6.0 (80.0| 0.46 |89.7
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