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Thesis Title Effects of Intermittent Aeration on Membrane Bioreactor for Treating

Palm Oil Mill Effluent
Author Miss Supaluk Annop
Major Program Environmental Management
Academic Year 2009
ABSTRACT

The palm oil industry is one of the most important industries in Thailand because
its outcomes can be used as raw material for producing various products. Palm oil has been
supported as a source of renewable energy, biodiesel. Palm oil milling discharges palm oil mill
effluent (POME). POME is rich turbidity, color, suspended solids, oil and grease and organic
carbon, nitrogen content. The palm oil mill industry in Thailand was identified as the one that
produces the largest pollution load into rivers. The objective of this research was to study the
removal efficiencies and performances of an intermittent aeration in the lab scale unit of SMBR.
The SMBR was operated for treating POME after pretreatment with anaerobic system. The
experiments were carried out in laboratory scale with a working volume of 24 liters for SMBR
tanks. The system was operated under favorable biological conditions and minimized membrane
fouling intensity. To achieve both carbonaceous and nitrogen removal, the cyclic air intermittent
were performed into SMBR with the influent flow rate about 16 L/day and permeate flux value of
10 L/hrs/m”. The MBR the system was operated at a 3 hrs/cycle (8 cycles/day) under the
following intermittent aeration: 1) POME was fed into the reactor during the anoxic phase for 15
min; 2) in the reactor; anoxic phase for 2 hrs. and aerobic phase for 1 hr; and 3) the treated
wastewater (permeate) was taken out by a peristaltic pump during the aeration phase for 1 hr .

The results showed a efficiency of total and soluble TCOD and SCOD average
removal rates of 74+6 and 32+8 % respectively with the BOD; in permeate lower than 50 mg/L.
The nitrogen compound average removal rates of 80+11 and 81+14%. Effect of intermittent
aeration in experiment 2 was a highest TCOD removal efficiency about 81£2 % and for

experiment 3 had a highest TKN and NH4+—N removal efficiency about 84+2 and 92+2%
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respectively and the permeate in terms of NO, and NO, was about 87+64 and 21+10 mg/L. was
indentified by using the fouling rate. It was found that in experiment 1 2 and 3 were 0.59 1.69 and
2.70 mbars/day. These fouling rate values did not show a suddenly in membrane fouling from
biomass accumulation on membrane surface, which the cleaning processes was performed when
the TMP was increased to 500 mbars. Membrane regeneration could be effective by using
hydrodynamic and chemical cleaning with a recovery rate of 84%. Several advanced technologies
are recommended as a post-treatment to remove residual color from permeate for further reuse
and recycle purposes under operating conditions implied that the amount of biomass and
inorganic remainders constituted a dynamic balance and this SMBR could reduce. Results pointed
out the microbial diversity structure coupling with the benefit of membrane retained totally the
active compositions of biomass, which showed good tolerant and treating high strength real

wastewater with organic loading variation of POME.
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1.2.3.2 ﬂsmgmsmwnm (Fouling phenomenon)
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] AA A 4 o =1 1 2’ = I 9
aMsazae 15U wuaiie daa avaases 11Usau tazaznouuvIvassa1en lutiude iudu
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A v d a A .. S A A
Ao Wand (Flux) Y9UWOULON LAZANTIOULNTLAON (Selectivity) AAAINTAUIAUTZUUNA
v b4
AMUAUTUAITN (Pressure constant operation) HAZAMWAUHIUNUIDTUFIVY HAZEAINITD

v Y v
AINATZEZ01IA001gNT IFNUVDUNIVTUNTUAL MTINANIIAMTOMTALANVDIAT1TANE
[ [ a a a 3|
VULHUTUI 3 dnBale aamnlsenen 5 A USnaMmULenYesHINNUsWAAN ez iy
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FUIAN (Cake layer) Miazauilauinmgngu (Pore blocking) tazoyniaaisazaodi l1ige
a 9 < 1 )
andzaunelugveuuuIuTY (Interior pore fouling) FoYMATITAZAIBNVLIANNIIF A
) Y I = Y o 4 A
sazazauauih lduuagianas Aavaems lva wazdreiinnudzerng 1de1n wieoynn
msazateiiusansziinui Taquuusu nagdmirldeunnaisazarsdudngadasenu
3 J A ] P g
) (Wilkinson e aZ., 1999) Watiowagiiszinnvesviaeld 2 uunlugs awnagninldiu
AANAITNTOL AD
z:' dy Y a [
1. hnasunuiuaninla (Reversible fouling) 1AAINMTALAN/QAAUUDI
2 Aa a [] a . I a A A
ALNOUVBILVINAINVIVITY LAz VTNIUFOUTAUDIF (Pore blocking) 1uwiiavean1Ian
g A a 4 1 y 1
asofuamnlagliisnisnialalaslawding wu msldanuiutu msldusuion
a Y Y 9 % I 9
AT azmsadounay 1udu
v 9 v b4
2. Wawuuiuan n1u'ld (rreversible fouling) H518UNMINNTUVDS
a A ! 9 . . = J J
LL‘Uﬂ‘V]LiEIﬂqmﬁuGlEJ (Filamentous bacteria) In1saeeaisisenovesnuenisan (Extracellular
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. . . a o I
interaction and adsorption) DUAMNMILTY M lHuNAgMUTWANa Aav19ns Tna uazdg
o c?/‘ 1 L] a a I [l
ManuazeIag lden uazminueymaiimzeguuimusuialassasaiulnsie
v k4 ¥
ANUNANDIAININ (380 Fouling layer U1 ¥U9A (Gel layer) (Tansel er  al, 2006) ¥4
o & 9 9 ddy EE 1 d" a @ a 4=
sutludedlsarsiailuanin vindsingmsaiaenaniimaluszuudalgnsaisinin
sy 9258031 luTen 1189 (Biofouling) Feiimathildanuainisalunisnsesves
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2006)
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o 1 1 a s A g a L
1. 9A51dIUDINITADYAUNTINNTU DI1NT1BNIUMTINATITOONUDNITAA 11
o w g’ = Y o a LS 1 A g’ =S 9 =\ a =4
mstihfarudegurulaslddlnsalyimmuunsy Wy WeuFunszULaIoUNTd
1 Y 1 a Ad A d? v A = Y] <3 =) Y o
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Y a A a AR 1 S A d?
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2007, Drew et al., 2006)
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Ralstonia 10 Cytophaga $Im 313 aat Tavesnquuuaiizenansz uaumsumuoady uaz
N15U98aA19ANBIVOIUANITY (Ivnitsky et al., 2005)
I A > = A 1
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Tuszuy swnaeilueymantiviaannid 100 lulaswas sz ldinamsgadulugila
VDUNNUTY (Wisniewski and Grasmick et al., 1998)
f 7 A dg‘ d‘ a ~ v J :;
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1 a 4 { v Y 4 v J o
FIWNUNVIINTINATIT00NUBNIFAAGY No1gdaat 8 Tu uazille orgadasge K1ln
a -4 4 = U s .
g1souUnsgmsueu uaz llsauanas mslassasoonuenisananad (Nuengamnong efal, 2005)
o a o QsJ‘ 4 v
AOANA DIN LNTTRNTUMIIN AN TINA TN TUT I VO UIA NARRS ) 001 AR 3 (Ahmed eal, 2007)
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v 4 2 1
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(Chen et al., 2005)
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Y
o 4 .
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Cake layer

Pore blockage

e

Electrochemical adsorption P B Pore plugging
Impencoment
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1. qmauﬁ“ﬁmmmmmu (Membrane charecteristics)
A Y z 14 a =3 va [ A o
maaenusulumslsnuivezdsaninsandguauiavesiagniim
a A [ 9 A @ a A
mskaalinnuingauiums ¥ wetlesiumsinaninga
Y H Y
wva o e o o v o
1.1 puauiianmyeuti (Hydrophilic) mstleuaisazateniiduiudai
A v y A A e A way 1 e
aza1e nstaen IFwuusuIzdoudenuiusuiyouti minmuusulania biveui
o s { v 1 2’ ]
(Hydropholic) asailfesstsenenluastleuniautia luseniin iy TUsau awnso
arauniuuusu ldhednyagAImT Y (Surface topography)
Y a 9 g [ 2 a A 1 A

1.2 anvazimiuuuswiuildsnialunsinanigs nanaenin
a 9 A o ~ A a Y 9 v 9
AT UUT UNEN UL IToUMTaETuv0IoYMANHINIT0s Tuneasanudumin

[ Y

wunsuldnsuzAmihvgvsz luaduaue o1 lddignazarengaoanainiiuima lden
m3tnan178993 Tenaga (Clech et al., 2006)

1.3 Y52 U0HUILNIUTYU (Charge on membrane) tHIUTUAIU IHQUAA

v o : ] o w 1 4 a
antialulszgau FelszguowHumuUs UdIAYADNTTUIUNITNTOI 1IN INITONA
15903 MIZH NN IULZY T2V IA WY mInwusullszyavuazeyninluais
< o Y a Aa 9 A o 1
Howduilszquanildinanmsazauvosoymafidivimunsy ieennusnseisenag
] ﬂldla Y a A 1 YR~ 09; ~ Y

U529 dawa i wnansasauveIo Ao U UFUNANTDANAUIS
lvaveuweiiton (Clech et al., 2006)

1.4 YU1AYDIZNIU (Pore size)UUIAVDIZNIUaIHanN 31/ asun)asves

A { ra a 4 a 4

Wana 18 Taswuwsuntignguvua lvginanmsdzauvesaisounsduazarseiunsonielu

P ' 3 Ao a Yy o o A v A
1!1ﬂ3J1ﬂﬂ315W51!‘1]u1ﬂmﬂ‘ﬂllﬂ15ﬁ$ﬁllﬂl@\1ﬁ”li‘l.l1!ﬂ?]‘ﬁu1 muumimaﬂi%mmmmﬂn
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]
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UTUUANN ‘nmmzﬁuﬂ‘uNaﬁﬂmmﬁuwﬁ’mszmumsmmuu %Qﬁﬂ?ﬁﬁﬂlﬂulﬂﬂ‘luﬂ”ﬁ

P
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ANVUUNIZTUIUNITINT O L‘Wi’)ﬂﬂﬂ”lil;ﬁﬂﬂ”lﬁaﬂ Lla8ﬁ”l‘ll”liﬂ‘ﬁ11ﬁ}ﬁlliiﬂiwslli’)\iﬂi?.ﬁU'JUﬂTiﬁ
Y32aANTNNGIqA (Clech er al., 2006)
2. Qmauﬁ’ﬁmmmsf]au (Feed charecteristics)
=2 =< v 3’ 9 g’ Aa 9 A 1
ﬂﬁﬁﬂBWﬂ\‘lﬂﬂ!ﬁNUWB@‘UHW T;TUJTD'ﬂﬁl“ﬁuWﬁﬂﬂﬂW’JﬁuHNﬂJLUiu IWBHINTYN
a 3’ 1 [ Y 4 c; 1 1
ﬂﬁ%“ﬁﬂ (Contact angle) mmgmjmﬁaﬂmﬁmmmug’,{uw%mmw UAAIUNNUITUNINITD
A [ c’o‘ 9 A A 1 oy [l 19 ¥ A 4
La@ﬂWWHuﬂlﬂqx‘l mmmu‘nuﬁum"lwaum ﬁ’)uGlﬁfllual“lﬂ!ﬁlﬂfﬁiagﬁﬁl‘ﬂllﬂ\iﬂﬂigﬂﬂ‘ﬂellﬂ\i
3’ % a A 3 o [
UIUU (Clech et al, 2006) ﬂ13LﬂﬂV‘I1’Jﬁ\1L‘IJ1!Wa1!1‘1]WﬂllﬁQﬂﬁ$ﬂ15$ﬁ’31\‘lmulﬂiul!a$
4 & 3 v o w A 1 & Aq ¥ a = A U
pendsznouluaisilou FuiluilatedrAgdnedranits nldlunisnasannnisiaonlds

o a a A 4 a 4 1 (]
WULUITULASNITAUUUTNIL ﬂ13lﬂﬂ1"h'3a\‘llﬁﬂ\‘lﬁnﬂ’fﬂﬁ“ﬂ@u&ﬂﬂ‘mﬂ@\iﬂﬂﬁgﬂfJU@HQﬂ YU
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= A g’ % % d! = ) 1 g’ (% 09; 9 d’d vAa [] 3’
Tas6u tnae wsuuaz lviiu Faliauiia luyevi daiunin s uniiauia ldyouiin
s A o - Y a A A o
Tumsuenesatlszaouny lviuludlou eunsaimldinamsnasursomsazavvearingu
% {a [ 1 @ o
waz lvsiunmvmiwusy denaldadnsanadld (Clech er al, 2006)
3. ANNITMIAUIZUY (Operating conditions)
3.1 MSIANDINIA wazms lanuudaug (Crossflow velocity, CFV) D13
a @ Aa = @ o Y a = A a =4
wuomaludulgnssimnmmususmi lninausuneuNsIsannIsazaNvoIdIoUNId
HAZETONUNT JUTNURAIMTIVOUNVIUTY DINTIWUNLIDATINTANDINATIHIE A
FIGAANTAL AUUDITITVUAIMINVDUVUILTU LAMTIANDINIAAIEEAT 1N gedanarinldula
v oA 3 3 I 3 Y o
aaasnmziflurdenuaneeniueyniaan nazerud llgadunaielugnguve suuusu
wazaA1 M3 mManuudavanmuzaylumMsaussuunTeuUsani1lams ¥ (30 dlaaia
f) wazuuy TuTasHamsdu 0.30 TuTasmas) HA15e119 2-3 WATAIUIN a1u1T0tleanu
v Y
manarawuuNuanIn'ld (Clech er al,, 2006)
v A [ @ =1 [ Y 9 v
3.2 01gaand NHaaoiladen1ayInIw 1wy ANUUNTUYRINIaTaad Ul
Y 9 v ~ ' S 9
YOI ANUANIUVDINIATAAD (MLSS) uaza1sisznounianiasssenuivenisan luau
o 1 d’ln 1 A A o a s A a ~ v do
Jodemaridamasenmsmiuviasludlgosalsinmuuusy e uss N gadaadn
A A 9 d' 1 ¢ A 42‘ =\ 1 a A
puanseNnsaslseneunlanlasesenuivensaaiuyy InasonisinanINaIves
WS Y (Clech ef al., 2006)
4. é’nymmmmaaé’ﬂﬁ (Biomass charecteristics)
9 9 [Y] L =1 o 1 ) Y Aa
4.1 anutuduvealaaand luglvestusansziaemuusuiline
Y v
MIPARUABIVILTY AaiumMsUANMT LT UYBINIaEdAT denafeatAeaNTTOULT
o U [} 1 ] t:l ¥ 1 [Y] 4 1 1
MUV UNVILTY (A NUAUFRIUNUUTURVTY tazmNansanad) 910T19NUNLIAN
v J U a Aa o 1A o a t:'
ANUTUTUYDILIATEAT T21I 30,000-40,000 Haansugeans M IdmuusuRansvag
[ o J [ A Aa o (=Y [ 1 a
HATAIANUITUTUVDINIAAEAD 211714 8,000-12,000 Uaansuaeans lulinadenisina
1289 (Clech et al., 2006)
A o a L= =\ v Jdo Y A 1
42 anunta dagasairimmusuinlagaadiivinnlumsdey
A acg A Y v ¢ v o Fo 2 2 A
AAUAITOUNTI MINUANNWANIUVDINIATAAD FUNUTAUMTINUUYUUDIANUHHA T
52U dararIauaenIsinarIaazlseaninnns leua 1800 NFAUNITBA1DONTIIY
aza1Y (Clech et al., 2006)
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[ c?/‘ I~ [ [ a A [ a
JUTUVRUNNDTY AsuvIavesndendtlulinanemsimavingsmelugwgv uaeramnans
azavvoInsuuAIMveaNuUsu 1@ (Clech ef al., 2006)
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MINUYNM3INA Fouling 30819 91404
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maines IBINTIH
pH Electrometric method
Temperature Thermometer
DO DO meter
TCOD/SCOD Close reflux method
BOD, Azide modification method (5 Days)
TKN Macro — kjeldahl method
NO, Cadmium reduction method
NO, Colorimetric method
NH 4+-N Titrimetric method
Turbidity Nephelometric method
MLSS/MLVSS Gravimetric method
Color* Spectophotometric
SV, Imhoff cone
SVI AUIUINAT SV, 1z MLSS
Oil & Grease Soxhlet extraction method

Microbial characteristics

Microscope image

Particle size distribution

Particle size analyser

#131: APHA, AWWA and WEF (2005); * Uy daiaaneal (2542)

HU18LY¢) TCOD = Total Chemical Oxygen Demand

SCOD = Soluble Chemical Oxygen Demand
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