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Fouling Characteristics in Submerged Membrane System of
Two-Phase Anaerobic Reactor
for Piggery Wastewater Treatment

Sang-Min Lee - Jin-Young Jung * Yun-Chul Chung

Water Environment Research Center, KIST

ABSTRACT

A two-phase anaerobic reactor with submerged membrane system was developed for
increasing acidogen concentration and methane recovery. The membrane used was
mixed esters of cellulose of 0.5 ym pore size and 0.8 m® of effective surface area. The
methanogenic reactor comprised of UASB (Upflow Anaerobic Sludge Blanksat) and AF
(Anaerobic Filter). COD removal efficiency was 70~80 % and the methane content n
the biogas increased up to 90% for the submerged membrane system in the anaercbic
reactor. As the cake resistance of membrane caused a serious problem, stainless stezl
prefilters (40, 53, 63 pm) and air backwashing methods were applied to minimize the
cake resistance effectively. Among the tested prefilters. the 63 ym prefilier showed
the best performance for reduction of cake resistance and a successful long-term
operation. By cleaning with alkali first and acidic solution later, the permeate flux
decreased by long term operation was recovered to 89% of that with a new mem-

brane.

Key Words : Two-Phase Anaerobic Reactor, Membrane, Cake Resistance, Piggery
Wastewater, Fouling
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Fig. 1. Two-phase anaerobic reactor with
membrane system for piggery
wastewater treatment.
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Table 1. The performance of anaerobic process with submerged membrane

Influent Acidogenic reactor & MF Methanogenic reactor
Working voulme (m®) - 3.0 3.0
Temperature (T) - 20 355
HRT (d) - 2.0 2.0
OLR (kgCOD/m’-d) - 2.8 1.3
TCOD (mg/L) 5.000~6,000 4,700~5,800 (5~10%)* 1.000~2.000 (65~73%)*
SCOD (mg/L) 4,500~5.500 4,200~5,300 (5~15%)* 800~1.500 (64--73%)*
pH 8.4 8.3 8.0
Alkalinity (mg/L) 6.500~7.000 6.500--7,000 6.500~7.000
TKN (mg/L) 1900~2100 1900--2100 1900~21C0
NHs-N (mg/L) 1800~2000 1800--2000 1800~20C0
S8 (me/L) 500~700 450~-550 170~21C
Methane content (%) - - 90
* % Removal
= 200 mg/L °l5t2 LAEYH HAH el Ze Aoltt, duksid, 715 Aart 4HAdnke
Arele AgA uhezUle] BgE T E 4 180 & AzhetA AsstA] olof H7) mEe]th AlY
mg/LelA 6,000me/Lo2 FAR oA sgpg ATl o 102 2Ae) 102 o129 37194
HESS ST & QD HE 8249 COD & A g A E T loz el
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fouling)lell #7184 Aoz s 4 3
gt otodw 2 4E-E @9t d&S AAEt L
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odd Beug gzt MAA 10Le AR 3
2 33z AL FIyste £ S HES
Table 20} WYERHATE IN NaOHZE A AHe
A% TKNe] 321 mg/Lelit ¢ZEy el 40 mg/L
o|t}, 1IN HCIZ #A A& 5= TKN 49 mg/L
2 Axtel AL} 67t de && o] HA s
olg o4 Ry AEEH vrede] AAde
IN NaOH&%o] o $ F&=Y-E vheplia Sl
wi g2E Qakgde) FxE IN HCIY A% 25
mg/Le] 3 IN NaOH® 7 %7} 14 mg/L2= 4+
golo] By wtod Bl AAH Fad 4EE @

Table 2. The composition of solution after chemical cleaning

Molar concentration (mM)
Items (mg/L) IN HCl 1IN NaOH LN HCT 1IN HC +
1IN NaOH IN HCl 1IN NaOH ’
1N NaOH
TKN 49 321 13 - - -
Ammonia nitrogen 35 40 4 2.03 2.40 0.24
Crude protein® 88 1,756 54 - - -
Total phosphorus 25 14 8 - - -
Soluble phosphorus 17 9 5 0.56 0.30 0.16
Magnesium 5 2 5 0.21 0.08 0.21
Calcium 11 3 10 0.26 0.07 0.24
Sulfate 28 14 7 0.29 0.15 0.08

*Crude protein=6.25X0rg-N
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o} 0.08 mMe] 241, A& AU ALEH
MAP7} 0.16mM FAF. 19 Jo afalg 2

g3 drtelmoe] 8ol EAY 5 o

3.5. TXIFALEHOD|Ho| 28t 22|t ntE
(SEM observation)

2o LS AAT F B AlE 27t
2 Age 3 Ao nEEy oELs o33
o g Hasted Felutg gA7 ¥ dxE el
o gold-palladium ZBE ¥ F 15 kev =3}l
A} SEM(model : HITACHI S4200)2 c¢]&3%to
#astdtr Fig. 12¢ 298 FadH((a). (b))
33t AHE AR Fo BH((c), (d)) 2dx
teelalarle] FYek) (suction line)oll Al AR3
T AAE((e), (D) BHE RAF D AT, Fia
12004 H%o| ALE-3 Eeluhe Y&y e
27184 AAoz Qs GAdE 3 T
o] 3FE3U D, ¢&Eeld MAHLA(IN NaOH) #e
2E 28 "ﬂZ’M o|fojx] ¥ FF 1IN HCI&

doz MHE ¢ AL B T Baslo e
SgEH] ”H%%°l AAE A& $AY 5 AUk

BEHH ool TAY FEL B 7k
7 A Ee Bu| gl A EAAR ol
&7 Rabgo] St slEhy wred
el Fefg wa ¥xn AR e F¥E vk
o @Ay Aoz Hol §rbA BAFEY Helst
EA3}7] Hohe YellA A& og /1A #§Eol
F&31 Ye Ao g Algdd

W
o

i
rle 4
oX,

- e o
e}
2
oot o [l

4. 2 E

1) Ag AFoA S FE o] £ lab scale &

Table 3. Various precipitates can be produced during anaerobic process operztion

Precipitate Reaction equation pEsp
MAP Mg?* + NH;" + POs" — MgNH4PO4 - 6H:0 (1) 12.6
Hydroxyapatite 5Ca®" + 3P0s* + OH — Cas(P0s)sOH(!) 559
Calcium carbonate Ca®" + HCO3 + OH — CaCO; ({) + H0 8.3
Gypsum Ca?" + S04% — CaS04 (1) 4.6
Calcium hydrogen phosphate Ca’’ + HPO. — CaHPO4 (1) 6.7
Magnesium hydroxide Mg+ 20H — Mg(OH)2 ({) 10.7




(e) Magnified inorganic fouling (f) Scale in the suction line

Fig. 12. SEM photographs of contaminated membrane and cleaned membrane.
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