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Thesis Title : Effect of Chitosan on the Efficiency of Upflow Anaerobic Sludge
Blanket System

Major Field : Chemical Engineering
King Mongkut’s Institute of Technology North Bangkok

Thesis Advisors :©  Assistant Professor Dr.Chantaraporn Phalakornkule
Dr.Pranee Lertsutthiwong

Academic Year : 2006

Abstract

In this study, the performance of a 30 liter Upflow Anaerobic Sludge Blanket
(UASB) adding chitosan with degree of deacetylation of 85% and molecular weight of
3.48 x 105 dalton was investigated. A UASB reactor without chitosan addition was
operated in parallel for performance comparison. Wastewater, with chemical oxygen
demand (COD) between 4,820-5,820 mg [’ and pH 6.5-7.2, was accommodated from a
canned fruit factory. The initfal seed for microbial granules with voiatile suspending solid
around 28.2 g B was from an anaerobic digester system. The UASB operation was
started up under the atmospheric temperature with the hydraulic retention time (HRT} at
85 hours, corresponding to an organic loading rate of 1.45 kg COD m” d. The HRT
was further reduced in a stepwise fashion, i.e. 65 45 and 35 hours, with an operating
time of 100 days. Chitosan was injected into the bottom of UASB reactor on the second
operating day (at HRT of 85) and on the thirty-seventy operaling day (at HRT of 65).
Chitosan was applied at 2 mg chitosan/g suspended solids at each injection. The results
showed that the UASB with chitosan addition resulted in 21-67 % lower biomass
washout and 5-10 % higher COD removal than the control bed. In addition, the rate of
biogas production and the size of granules were 21-53 % and 24-37 % higher,
respectively, than those of the control. Although, the addition of chitosan increased the
operating cost but it could produce higher amount of biogas. The preliminary economic
estimation found that the excess biogas could compensate the cost of chitosan.

(Total 117 pages)
Keywords : chitosan, anaerobic sludge, wastewater treatment. UASB
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Yo"
Oy
infiuent infiuent )
Anacrobic filter Upfiow Anaerobic Sludge Blankel process

nwn 2-2 sasrsdaintauuuldifaandausilade g (3]

214 anwuem luassruuthveuuulildeandion

muludslfison aUszneudunidumaiinasgnisoderuwlU S masiuayTy
mammﬂﬁﬁul@ﬁam ﬁaumsﬂ‘rnau‘émﬁ’ﬁﬁﬁmm@'lmﬂﬁ]"ﬁamnﬂauTmmauvlfnu Wil
pmeiniouiaz mnmmumﬂﬂlmfnaﬂ@ Semrawrdsinllwesdudzgneandlad
wms:mawa@mm"vl.@ faarsusulaasnlyed wariaiinu danasluand 2-3

ﬂ,gmmﬂmawm@maammumuLwa'hﬁa'lm'a'nmlmvm'lmmaaﬂl@mLﬂuﬂgﬂ‘%m
Talaslafia (Hydrolysis) A nauwlaifivseeaninanasdiiudisalfison luana
wwesandiaisaulanlfiselaleslede axgnlfifluundsaiuauuazind nasnuas
anafd s lauriunssIwnIran  (Fermentation) %JN&IE*E@ﬁWU%:ﬁﬁdﬁ?iﬁagluziﬁa’lé
wazyaandlag wwmmﬂmﬂnrmbﬁvl,@aﬁa’m‘[ﬂm Toun  nsedunidszmpdi

(Volatile Acidy fifanuaulaiiin 5 azaay ﬂgn‘mﬂumﬂﬁqmmmmnmTm Gonin



wialalauiifa  (Acidogenesis)  LazLUATHILAYWAT GunduefiTugense
(Acidogenic) fhuw%@ﬁmﬁﬁ'a;ﬂugﬂ%ﬁfsE%'azLﬂum‘sﬁw%z}'ﬁwmUﬂi:mﬂﬁﬁiﬁmm
LANGIINY f'ﬁﬁuagjﬁ’wﬁ@maoLLUﬂﬁL‘:%ml,a:ama:LLU@]ﬁawwaaﬁ”@ﬂﬁﬁ%umiu wuati3e
Aeansaveniaansalsdoon  voclalasan wiolalasiaudosyn) Hwasiu
Blanesan  (unussaunde) m’Lmn@‘[maﬂa'ﬂaﬂa‘[mmmﬂwaammmJaqﬂgnim

Tunsduduil 92 lufindasmai aaﬂgmmﬂaa'l.mmmenmmuma;Jmmmuaumﬂ

- oA ' :
A ounion Wazainuas

~ o w3y
ANTHUNT MG UTay

Fed o«
doamsiew lafingnouenead

Hydrolvsis o v s s
(on Tmyangars wulah)

r

ATOUNI SR04

kg e A o
ADINTTLNIRNTIENT T T
Acidogenesis Acidogenesis

F

Ao lryusy o

¥ Y

Acctogencsis liydrogenesis
Formic Acid 1ty "/ I, l

Acctic Acid

Methanogenesis

CH, uaz CO, F

Torl Acetic Acid Tanld v,

—Y

HUARG oA 195wy wunAFoadatimy

MWA 2-3 dugaumsdssaaiorasl §A3 il lsoandion [1]

\
= Fal =4 gl

vananiuuefitusmeaninldnieiwdsimelug wisasBunidduluing

'
=t =i

giansaaz@dn enfueulasenlas uarlolasan (M 2-3) URDTo R e Inasie

lalaviauldon nsasunituwaluuiiondn lalasdluwouiida (Hydrogenogenesis)



ool 2l

Glasrnuuendefeddlalasoninafaniadunisle LALuni B uRaTiensale
onalaaiatalosauile wwaid e dlslosnmiusianiasuuaiiGoiaiione
waiE nsssaasiaia vy Son it st eilieieiine - (Non-Methanogenic
Bacteria) wnaiodntlsmunymisasnsngaseanslalasiau mivaulseenlad nyawaiiin
waznsaesdan Reaamaiin LwaRdelsnaymaigonit  wwafidoaialm
(Methanogenic Bacteria)
2111  wuefidodldaiiiiinu (Non-Methanogenic Bacteria)
wefdosnnnliahelimudiimasosiulelaseu  tdnnsadunidawalng)

-

:mmm‘ﬂé’mﬁ'cg'lwgmnﬂmﬁr'ﬁam:wml.mﬂﬁﬁﬂ faansauuurTINa IRz LRTISY
Fasaiine almrsUifsodaialaleneun i UfASsvaavialinaade
(Phosphoroclastic) mmma%am@aw‘ﬁ@m”ls?mnmﬁﬁuﬁm Talasauiiasoin
winssauaagmuluilitea: Sufinrauueidefidusnduwn  wdlalasiouiy
afuaulenanlaonepnifadaowuaiidy Maigreiimubinanudwinadmudoeamsd
(2-1) @mummﬂmﬂmfagmwm sewsnuafdoAseuar e afimulvisslond
ditunasin uueiidoiliaaiinunaaniaardanuasansdunidadniheliine s
wgaueREeafeiing  drusueidefiateimusiomaisialslenauliiuunfs
Ayaaimn anrusmansiiadutureuuafids 2 naudinidondt auuy
Guntafia (Syntropic)
2142  waTiGeRas 19 (Methanogenic Bacteria)

wwafiSoiaafimuaigdvlaldtiunn wastailwaasnlinusaoandian
WS R paanias u%a“l&]awatﬁuim"lﬁatﬁaagnwuan’ﬁwﬁwm 6.8-9.2 §IUWN
ceniunefapltlamdias lolasneu miuenlesenlod naznsawaiin Taawiay
AlENIADsTAN UWAZINNT AR Huansaodu

wafiSoRaelmwiteaniy 2 ofia giafiniiafeiimuannaiuaunlasanlas
wazlalasian R Iearfuonnnarfuenlasanloduazlawdsnudunnnan
Lylosion wueilSuaieildundn Hydrogenotrophic Methanogen W3p Fonaug

Hydrogen Utlizer w3a fulnalslasian Fagumsh (2-1)

AlL +CO —=> CH_+2H,0+32.4 kel (2-1)

sLeiEniaiansnlsnsaasinduasaduld N haaunannIawasin

cramddnnliavannazarsuawlaganlodldinn @i (2-2)



HCOOH — €O +1 (2-2)
nuefFusilafigasalmuannisesian sigunsi (2-3)
CH COOH —> CH_+CO 46.71 keal (2-3)

wuafiSpaiiailsonin Acetoclastic Methanogen

Tuaunsft 2-3) @ iwdsuliRsslunissediannsas UANMSEI1s ATP
M ildndsnulumsdnssdinussuuaiide) murndadulslaslendiuanns
indoufiuey H' (Proton Motive Force) WILTASLNIILTY FDasawa 1w uuZont
Chemosmosis

2.1.2 djilsomsgassasssdunidluaniosllfeandian
Ujiismsdassmussdunidluanaclilfeandiaudasndoue iy 3 dssim
leur wuafiGoaioesdian wuafiioairone wazuua S eaTITmn I 4 suaon G

2121 dueanlalaslads (Hydrolysis)

TuaaufionFonanatnemieh nrzvawmsuangowamnt  auaauiiunis
dgepamumnlenovluanalug e enflulaese Tisdn wazlosin Wnanodw
msvsznavluanaidin 1w hens nyaesiiln uaznselususiian AUETY Tuaauil
musafetuldmenanisaduuaiis lagonduanlaifuuafiGeUsaaonunly
wmsbassanasdundd  Hlifmaedlofludunanil NTzUIUNT L9l Ladauane

FIRNNITA (2-4)

To)sdin — nsaaziln + uaylutii
NETPN R N30 1W0% + NATEToR
Lmagiaafﬂﬂ§T1J1aLmiﬂ - ¥ana

aun1s (2-4) nizwawnsdosamgluduasy lolaslada (Hydrolysis)

2122 PusaumIaininge (Acidogenesis)
HRHAFINURADUN 1 azonuuaiiGoeiunsegadudlymelwerss de T
ownuazyniBnwmilunsaluiwszmy (Volatie Faty Acid) filensuenliiin 5 ¢a
axgdin O7lnsn welwslwlafin Wuen uwarndalalasouiuasuanlasanlogaann

Lo w l—i"il = lj’ ! L} 153
! E’JH?ZU?MTHEW'I\?‘H?LQMﬂLﬂ@ﬂ%lHi'tﬁ'}'N NTIHHEAN UHWTU'}'S?HE]UIJJLEQH&LNT]LLEIZ



o e et . oasn ar . i = & ar [ £ o
°nurﬂ’ummaw:mw"mmagpuﬂaw 2 HEd B8 BRATHIRTIAITULAZANNAURSLTHATAY
] = J = ead 1 &':"L' — et 1 ==
Tolesuiiiain wuaiiGonguilialulizunm Facultative Bacteria A Naulusiigy
AT NUN NG mmanag'l@‘fﬁa‘l.wmwﬁﬁLLa:vL;J'ﬁaanffimu LRSI UABEN WAL

nsadiseauviar 4-5 UiFSnsdessaogsBunis ugaesamunsil (2-5)

Aminc Acid » Acids, Alcohol, Phenol, Hy, NH3 CO;,
Fatty Acid — " Acids
Glycerol ——  Acids, Alcohol, CO,, H,

Simple Sugars — —»  Acids, Alcohol, CO,, Hy

JUNIT (2-5) NS AW T RN TBUN TSl uA a uNIEINTR
2123 Suspwmsaininesdanonnsaludusnineing (Acetogenesis)
wwafiulunsriunseinsaaunsongsldeanidu 2 ngu Aa
n) Homoacetogenic Bacleria
%’@ui’lunaiml,mr‘r’u‘%uﬁz]ﬂnamUns@‘ﬁwﬂ%s;TﬁE’JIuLaqalﬂrﬂﬂLfluns@a:%ﬂ a9
LLUﬂﬁL’ﬂ'UnEjui{LﬂuUi:mﬂ facultative bacteria
1) Hydrogen Producing Acetogenic Bacteria
FaihunguuuafiGeAdevaaoniedunidlaanslng idu nsaialnin wszne
wslwlotn Tidluwnear@dnuasialalanaw %muaﬁﬁumjuiﬁ]:a%qﬁ'}mvlaimnm
duandnn Lmﬂﬁt"’%una;uﬁémﬂué’aamﬁuaQs’wﬁ‘unQMLLU@ﬁL‘%Uﬁ&%”]@ﬁLﬂmﬁélﬁ
urroiatalanaudiRetwly e dumatinwld
Acelogenic Bacteria  (wuaiiifufiaivasfian) fuvumidnlumadusudon
s:mwa"ﬁtu@ﬂu,mia"f’mmmta:ﬂgwaumsa%ﬁaﬁmu mndaiimulasuuafioiasn
nsudssmImsesdmanisaisasann il nieezdan  nsaWedlin 1alatisu
WNTIUEE LAz 1unBaiiiu (Methylamine) nsalatusupeiensuauainnii 2 ezasw ld
alsinasesaulumsnaaiimuldlasass wuadisvazdlaiin dndatalasaudan)
aamasolunsdasasonieluiussvefitoniueuannnin 2 exasuldnmmi
neaasdan andunuwlasanled uaylaleavan mulaanzilalanaudanuduwifoa
S 2 X 107 UTIInme wasdnn 9 X 10° Lyt me qumsh (2-6) uaz (2-7) LEas

s danaa N et 1En waznialws wlafln aiuda

CH ClI COOH42H O —> CH COOHt €O, +3H, (2-6)

CHCHCH COOEE 2H O - > 2CH COO[]‘PQIIJ (2-7)



TUGBNA 3 iﬂ:Lﬁ@1“ﬁu‘l@TLawwzftuﬁm1:‘?i"laiﬂ'muﬁﬂ‘nué’uwﬁl‘fmacﬁlwmefu
nsa lmiuszm i ldeansadessmonmodiwnsaasdanmolaansilalasiaus
RRtIAIRE L TIEES

2124  duaaumiaiieiing (Methanogenesis)
nwmezdanuazlalanavacgnuuefise  Wademaimumsldanzl3oandion

AR LUENNTIN (2-8) Uz (2-9) MG

CH,COOH+H, O ~> CH, +11 O, (2-8)

4H,+H,CO. —> CH +3H0 (2-9)

NIRAUNTET BT U awnn 2 asaoy "I,;Jmmmgmﬂﬁ'amﬂuﬁwﬁmﬂﬁ
lanasa Lmﬂﬁﬁm:ﬁadLﬂﬁﬂummﬁuﬂ%ﬂs:mmhaq Wiunsaerdannselalanan
@orowdveswiaalinuld  weninnseardtnuaslalaniouudy  wuefidoosldas
é'l':a@TuamadﬁuE’mLﬁuﬂﬂﬁﬁﬁm‘lumwﬁmﬁwﬁmu iU lunsuea  usznyawesiin
(HCOOH) 1fjudin

4CH OH —> 3CI +CO_+2H 0 (2-10)

4HCOOH — CH, +3CO, +2H 0 (2-11)

wwafGsfaedmuiuun i 3 wie audnsaemiafaiimu §ai
N} Obligate Acetoclastic Methanogen
musnudlnansaardnldifieseiadey  Taslfiduunssariuouuasndonu
Lmﬂ*ﬁE’mnﬁj;Jﬁ“laimmmagvlﬁ’luﬂma:ﬁﬁaan%mu ozamMRSydvialsiaimg

3-5 UiismnmiaiheiimurssuuaiiFunguil usasluaunsii -10)
CH COOH+H O —> CH +HCO, (2-12)
13 od ﬂl = J o - =1 L=
mMapIIWIInNalwlTznaualeMsiinuiosas 70 wazenfuanlasanlodus=urmw

Sova: 30 wariihalalaseudalddioonitfova: 1 A Imag eI g e

AWRUNTIN (2-13)
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CHO +(n—:1/4—h/2)l-lz()

(2-13)
—> (n/2—a/8+n/4)C0O +(n/2+as/8—b/4)CH

= hrd

‘L@ﬁaﬁE’J’]ﬁlﬁ@“l‘ij’uﬁﬁ’\3.1’1‘mLLﬂGfIE&1ﬂ1%ﬂ'liLﬁ@]LﬂH 2 YNINAN fo Tauar 80-90 MY
a‘ﬁﬁm‘%ﬁgmLlJﬁumi‘]uﬁwm%qmw uazfapas 1-5 sasmsdundipnldlumsaiodule
gasuuefity Teorliudmadinwilaiilu 0.3-044 m kg COD.mou Fyansn
s renewnwld  Hadfiouioiduemuinfatiwitlain 1 m
Swdruernydaw Aoyt wen 0.5 a3

1) Obligate Hydrogenotrophic Methanogen (H; Utilizer)

SnciefGaiasnsondaimuldannlslasounazaivenlasanlod  dausaslu
s @e-14)  lunsdiillalanamiluundmdsnuasiienfuanlasan lediluunds
asuan LleﬁL"izJm\j;Jﬁ%@'hLﬂmmﬂﬁﬁuﬂajwﬁam‘m:ﬁ'mﬂw (Autotroph Bacteria ¥38
Synthetic  Bacteria) tnaninainsadneiialdlasldmseiiunid  uazdaaddasiing

Sinmuasnunlugdnasnu srozusmsiigavlaldieim 2-4 7313
AN +1H.CO  —> CH +3H,0 (2-14)

#) Hydrogenotrophic/Acetoclastic Methanogen
wia G smaiimusoshamatinule laslsmalalanauimiuasdunid
W aldaaursdiiuiasuiianason wiadmbilalanaulwmsiiamadiny wazaunso
Flalasiauiunuaivanleaanlodlunsaieioiimuldans anﬁl,"’mnejuﬁﬁ"mmﬂu
Mixotroph  Bacteria 92 sadanldlandiasiominenialdasdunidadinle
i srznammsespdulelfiaanm 1012 Flas LLa:a%]‘lm"Luam'J:'?ivl%‘
RONFLIWAEN Eih’ﬂoé’numzLLazmﬁmmaaLmﬂﬁﬁuﬁaiﬁaﬁwﬁmmm:ama:'lumsai"m

ARG RN



Tty Ti}sﬁu—‘ meﬁflamm l

LCFA AA Sugar

L |

Y

Acedogenic Bact, ‘I
Pyruvie Acid
l_ |
Acetic Butyric I"ropionic
< ‘ Acelogenic Bact, 1 ¥

: |

[ Acetoclastic Mcthanogen [7 H, Utilizer Methanogen ‘
Acetic 4 0, H, i Qo,
CH, CH
CH, CH,

Hydrolysis

Acidogenesis

Acetogencsis

Methanopen

forming
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AN 2-4 ardruasunisdonams LCFA, AA uszenilutense wuvldltaandian 2]
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POLYMERRK
r PROTERS LIPS
! CABOHYTRATES
‘ — T
TEYLEHH rhis <. ¥ ¥
L TG HORLERN AMNO ACTS HIHER YO LATLE FATT Y ACIDS RE THANOL
CARBORYTRATES GLYCERDL ETC
AL DOGFHNESE l + l
f
1 1 ¥ T ¥

mm‘“‘ruco + H, AC':”“EJ ETHANOL || RYIURATE || VALERIATE | | PROPDNATE

JL +¢¢ S

+H;‘ ;_-.CETATE ACETATE |+| H ACETATE |*| 1+ co, || rETHANOL [~

) v ¥ ¥ Y

R

> FOHL'IAT‘E

METHANOGEMNES B \[

CH,, CO ,ANDH.0

o . s & . . L oa
AWM 2-5 @170799) VILNAYUTEWIINIZUIUMNITLBUUAACYUNEW [41

2.2 ladunuazlalasw [5)

i

Tadiu-lolaa (Chitin-Chitosan) ldanudsnuivaosd@ainzia tdw s 1 uaz
sda i nalanusaeie wanig asdsnaufiddnde ledu Sulluaswedwad
Ty mmmﬂwmﬂ Yuiutusasindaws mamu’l%mﬂuﬂuﬂu (CaC0s) vl
Taseaafuiuseondandaing Laaaﬂﬂ'i.,ﬂam'lmﬂmanauﬁuma PELPOHETN
Swnualeiin leun Astaxanthin uaz Zeaxanthin 1ueu

Gorntaduuadlalasn  umsedadldnosue®  punwpasiagiu

ey

"NVLEJ?NT] ‘ﬂ\‘}‘ua‘]}%’]UﬂUﬂﬁl‘DUﬂ?db?i&]‘ﬁ’l@]ﬂﬂ’mLLﬂﬂ'ﬁﬂ’]UﬂM ﬂﬂN‘lﬁﬂ@]”lﬂJﬂMﬁZJUG]%ud

AAulebaiani UWRIT 1Lu,@ma:n@lmﬂumamaauummm‘lﬂ@mLLa*vl,ﬂquﬁmw‘lma
dnwolassashaunanin  (Crystalline  Structure) ‘lﬂmﬂ@mnLﬂaanqmaummmg
oziileneadandnlunlues  davh  (Ot-form) T flasaasiondnuasleduiilaan
wnwlamiinazagluatvaawd (B-form)

924 lansefavaaivesleduiazlalaa i (6]

Yadunarlolaanuiluaslawaiiuad  (Copolymer) nﬁwméiﬁ{fmagﬂumjm
csiuliainnes  (Heteropolysaccharide) 1I‘;:ﬂauéf’;zJm!,ﬁuﬁ“uaoﬁﬂ@nangi@aﬁﬂr@
lasann g wlulaena il autidtanizasluniaimiffisoiuaiwainiie
s iz nnaanazlslugUrasidelagass druanstalamuiaandjhsoin

N9 .,Jm“ﬂtslm {Deacetylation) DI ARG AT (Alkali Solution) a7 e LD UAZAY
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ladlunsadunis (Organic Acid) IfﬂaLamﬂum:umm‘njﬁﬁmfmﬁuqmmﬁmm leiun
NIZUIUMITITNAZNOULRE ANAN A% (Coagulation and Flocculation) wazn1Tvany
navanltlng (Waste Recovery)

Iﬂiaa‘%’mWmmﬁ'ﬂaﬂﬂﬁuﬁé’rmmzﬂﬁmmagha 2] sanueRsAinisgoy
(Monomer) 1auaaglamilu  D-glucose &wwiiotsnvas  ladude N-acetyl-D-

Glucosamine (2-Acetamido-2-Deoxy-D-Glucose) fﬁcLﬂuauﬁufﬂaaﬂaTﬂa Bamaaivas

lafiuda Poly B-(1-—>4)-2-Acetamido-2- Deoxy-D-Glucose Lo lamiuda vLﬂ@mrl.mlJ‘mJ
HEHRLIIIGE mma@nmn@mnﬂgnsmmsmawua TRa  (Deacetylation) ws3lasusn
(ﬂ’]JL’lIlJ’IJ‘H‘r’]"]rLﬁTﬂ‘i\]ﬁ‘i’]\‘]Y]”I\‘Itﬂ&l“llE]leﬂﬂHLﬂﬂquLﬂTGlimLIE]"‘HG’I’]NIG] (-NHCOCH,)
Lﬂanmﬂuwa 3l (NH,) fianfuaudumisfi 2 dain lalaoude WoRLNB3IaI D-

Glucosamine (2-Amino-2-Deoxy-D-Glucose)

=

i Cl1-01
o

|
!l[l'Jx‘_x y

QI[

HO-—"7

/

.
-

¢
CH:OH ' O11 CHOH
N

Cellulose

NHCOC!: CH:OH

NHOOCH

CH:OH ' NHCOC | “HAO
L\ CH-CHI
Chitin

CH:OH

(' : o -
CH:OH ] NH. J CHON
1t
Chrtosan

NN 2-6 LLﬁ@lJIﬂ's‘dﬁ‘Sﬁd"x’]’NLﬂﬁ%aﬂlsﬁﬂglﬂﬁ lodu uas lalaow

hitp:/iwww tuat.ac.jp/~x-ray/chem3.htmi [2004]
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222 aanamunnkasmaaiaadlesuuazlelaau (2]
2221 msazas (Solubility)

Tagwliarenluin nideee  euvsdensuendudn woanosed wazévi
sraneBunisaug wagmunazasldlunialalasaasin (nsainde) wivdw nyadadain
(nsarustu) Wudu niavaaasn (78-97 wlafidud) nsawWaTlin (Anhydrous Formic
Acid) ez DMAc-LICl (N, N-Dimethylacetamide-Lithium Chloride) anupnlumsasaiy
vadladuluarviazaiogng e Lﬂuua;rmnmquﬂIuLaqaﬁagﬁuammmuuuﬁﬁuﬁ:
Lﬁ@%uﬁamU‘Luuaz‘s:wml[maqa Lﬁaamnmfjﬁqﬁ“ﬁ’uﬁ@imﬁu (wylaasondauas
wilnzdaniila)

Talammldazanolwin 61 wazsriazaudundd (Organic Solvent) uaWTD
a:mzl"l@TLw'wa:mm’f'itﬂum@fﬁuﬂ‘%ﬁﬁaunnmﬁmﬁﬁ pH Wowunin 6 ninasdanuaz
nsa Wasimiuntantosltluasazsiolalasu niaafunidunesia 1w nialuedn
nsalalavaaasn nymiaseandn  wasnsaweaWein  aansoazainlalaaulaiguiu
mu‘l@i’ms@m‘?’iqqu]ﬁ;gamuﬂma sl Aaulunsaiimadacnawimadonaiedy

csazatlalamulanmwior e Dwg@nssuuunusu-finladlon (Non-
Newtomian) tussazans nissiluuaslalammuazuand Taofnauilszaninisuane
(PK.) %u,agfﬁimm;mu'wLLuwaailizﬁynaawaﬁmaﬂ@u pK, vedlalasuidagludie 6.2
1168

2.2.2.2 m'waﬁau'lmm:ns:@j’u’l,ﬁ't.ﬁ@mmmnﬁw:uuuiﬂaﬂa%a

(Mydrolytic Heat of Activation)

difznlalas lada Li’]mIgjﬁ%mmiamuﬁuﬁ:ﬁﬁﬁmﬂﬁmlﬁm’fiaﬂ@uﬁmmﬂu

dialfisen mulavammeiweiuasledn Sdnvusswdsiiuivwagles faiduiuoe

Glycosidic Linkage Wit B-(1—>4) é’afumwu%’au'l.umm‘s:sfjulﬁﬁmmiamﬁﬁuﬁnmu
lalasladsvosladudszanm 29 Alauaaa’d (keal)
2223 ﬁmﬁhimaqa {Molecular Weight)
"1@1E}m'l,u,mmm?m:ﬁifmﬁ?ﬂ'[maqagamnn"j’l 1x10° lurme#lalamuazihlbmin
Lusnaaglus 1x10° {9 1.2x10° “ﬁua%iﬁmfu@au'lumwﬁ@
2.2.2.4 ?i’]‘i:@TiJrn's‘ﬁﬁlﬂm‘J:a:%aa (Degree of Deacetylation)
Slushuenamiluladu-lalaos Honnladn-laleudulawoi-wad
s raainalaTuluaseng  N-acetyl-D-Glucosamine iz D-Glycosamine LT']L?@]L‘%"M%E]
sautwpas Llweswanynneziididnssfuniiindanyssdida  (Degree  of

[P

Deacotylation) & wzissdsulnianuadlafiu s Vs dwad byl adNgasuinn

P L .o ' 1 e _ e . Y -
WA =R AR WL S RAHNN DTUESIENUNLOWT D] lﬂIGl“ﬂ’l%
"1l
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2225 aNUnLa (Viscosity)
anunlauasaisas mﬂ'l.ﬂ‘[mm’uuaanuﬂwwawazmmu Aszaumsitaa
ardifia umunlmana AU AUUSIVAIEBON AN pH uas QLNREY (e J"l,ﬂLLm
fmwuwaamm.,muwaamaw,a@aamaqmuqugaw wsisfauainsaiituas
naUasunyas pH s Taza unafwaiasinaeuniaiuaneaiu guanunile
yaslalamulunsaasdanasRuiwdoaiazannsien pH aand luumsfinnunitavas
lalaaulunsalalasaasin (nreinie) sufisdwils pH UIEI TR AT N1
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2.3 3zUl UASB {Upflow Anaerobic Sludge Blanket)

2.3.1 tlsmaartustuunvadizuy UASB (8], [9], [10), [11], [12], [13])
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@15191 241 Rsnifisusiiavesruuindauuy UASB fugiindue [4]

ARIINISIUMNTL
S ATONREEATN FBsiniugaunds CRROINGET]
(kg COD M d")
Conventional None o sz 4
(Completely Stirred)
Anaercbic Contact Separate Settling Tank with Useanm 5
Process Sludge Return
Anacrobic Filter Bacterial Immobilization on 10-15
Filter Material Combined
with Sludge Particle
Retention in Filter
Interstices
UASB Granulation of Bactenai 20-50
Mass and an Internai
Settling
Fixed Film Process Bacterial Immobilization on 20-40
Static Surface (Upflow or
Downflow Mode)} or
20-50

on Particles (Expanded or

Fluidized Bed Mode)

2.3.2 WANMIIIUDDITIUY UASB [14]
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S1TURW AR AT NAWTININ fmmammﬁa’mﬂuamﬁaa‘ﬂmrﬁuﬂ:naui}aumrj

dmlngazuondaussanaznaussgaiusoeans  @uaznewiiiminunszinazy
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An 2-8 pentssnaunanvaeiiUauuy UASB ienald [14]
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2.3.3 Namunniiaas ﬂ’]uﬂﬂ%ﬂ'&ﬂdﬂ‘]ﬂll&%ﬂ@l (Granulation of Sludge)

@

naHaazn EJIL"QEQ":LTTJ’F_I’Q IW‘]:}ILLZL}U@L‘I Iumumwmmy ﬂLLﬁO]J'J']i:UUU']ﬁ@H]L’

Yarauanuanislunmsdusuuwioly Tuaowsasnszuaunseenauuele el

2334 senef 1 lwszsfidaineiumszanssunddiaonin 2 kg
cob m’ d luﬁ'aoﬁﬂ:ﬂauﬁgﬁuﬂ?ﬂﬁﬁﬂLLuuagﬁ“ﬁ’umauéﬁdmadﬁmﬁﬁ%ma:ﬁm‘sunﬁ’l
dlosnniadmwi et

2332 320eh 2 \Wwsoefildernsfunsreseunds 2-5 kg cOD m” d”
'Lm:m:ifﬂ:i?m‘sqtgLﬁum:nammmaaugomn dlasrnmaRudarnssunszanauntd
ﬁ"n'lﬁ’i'!é’mwﬂ'ﬁuﬁ@n‘hfn“fi’zmwmmnm*naugﬁuﬂ"?ET %ognunﬁ"}LLa:ﬁmmaanmm:uu‘lﬂ
LL@i'Luaxi'mmam:ﬂauqéuw‘%rﬁﬁﬁﬁmuﬂm '«J:"lajgnﬁ’@maanmﬂ'i:uuua:ﬂian"tmﬁu
U50n arnd ﬂawamm‘mmaanua:ﬁuﬁﬂﬁdmmznauﬁgumaﬁ;wﬁ@:nauqﬁuﬂ“‘i‘ﬁ
'”iﬁif’muﬂaal,m rarnauIRwydanwuziile

2333 seufi 3 Lﬂm:U:*nuamwmﬁu,rm:miﬁuﬂ“fl 89N 35 kg COD
mod’ LLa:Li‘mmaﬁs:uummm%’uﬂ‘%mmmiﬁm’%ﬂué’mﬂﬁaammu‘h seozfiarwui
i'mmﬁmmmﬁmm@:nauﬁgﬁuﬂ%ﬁé‘nwmnﬁ@]mnni’sﬁﬁaaanmm:uu LazEaTY

-

Lﬁm*"uuL°ﬂ"1g~m1rn~mﬁmmwLLﬁ’m’rmmLﬁam:namauw‘%’ﬂmmzum:ﬁﬁaﬂmn
PR
234 thophaaaSunszuiumsifian: namaumﬁanummmm
ﬂwrw’un@1rﬂarrmrl@m:namgaumummmuma‘gﬂ‘lmmu

o

234.1 thipfifeanusievesnzneudfuniGudu (Seed Sludge)

= 5 o

NURANTY nLm'maum*5yLm@mmm‘ma%imﬂéfmﬂgaé’mﬂﬁm@aa arnaulaai
vhde  ernausinteinias ﬂ:naugﬁummns:uuﬂﬂﬁmﬁnﬁn‘mmuﬁmumwﬂ’nué’u
(Digested  Sludge) u,a:@:ﬂauq'ﬁuﬂ"‘:ﬁmmﬁumn‘s:uuﬂ'}ﬁ’mﬁmﬁ'uG] FINTUATNAW
Fvnlissunaanins i iuntsidaiediUssimzanwluassuduie aznawunis
mm:uuﬂ'}ﬂ'@ﬁ’iﬁaqumuﬁmunw*miTnué’?ﬂ's:mﬂmmwmuuuga (>60 kg TS m )
Haflunznauiildl  Methanogenic Specific  Activity foudnedn fiafinuiutinon
fiflarumuininton (340 kg TS m) dmsulunsilmsldaneuafunidaiadetiu
qﬁm‘%ﬂﬁmﬁ’uwmﬂ 'ea:t‘&dmalﬁmﬂ"?m‘ﬁ'm%im:uu’bﬁ'nmé’uﬁgmﬁarﬁsmﬁum:ﬂauqﬁm‘%ﬁ
mmf:uuﬂﬂﬁ'@ﬁwﬁoﬁmuﬁmummﬁ'ﬂué’a I@]U‘::U:Luaw:mnﬁamﬁml@rﬁua;}ﬁu
e AR H Y nazniavsinznaugdunidansmziie

2342 BN

giiwf&r‘l"}{i}m’xmﬁ'ﬁ{jﬁkﬂ’nﬂnmu Tdsruumansnyawlandnalyssaniniw

“n 4RuNiErIn Methanogenic  Bacteria aﬁmm‘%ﬂ“nﬁ@\ﬁ fanuldanisulasuuag
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fi 2 129 §0 Mesophilic (30-35 °C) uax Thermophiic (55 “C) wstg ennallug o
Thermophilic az’n’nu’lﬁ'ﬂi:mumﬂﬁw:naugﬁm‘%ﬁ ANz A IInA N
S lesnanmsas nalnuasnTzuaumsvsaasazilanyuandiatagsn
2343 1sznavuasindy

3 Lsznevva i AeTor 9 UL Yau Ly UASB fiunuimaanltunssuiuniy
haaznaudfunidinwunda  adwndddnwusidae: m@mu"lmaman@nﬂumﬂgmm
*mJaummwuaaﬂﬂ?ﬂaumﬂwmma zanonin wananiulwinE s nsesunicssmoing
Insnundadad Issnwhenssn Sugar Beet wazlassmuilosiugss Azasamliiie
arnawdunidanwundelsd éw%’uﬁ’]Lﬁﬂﬁﬁaqﬂ'ﬂ*j:nauﬁm’[myl.ﬂulﬂsﬁumfatﬁﬂ
Uy Lﬁaamnﬂrymmnﬁ@Naau.a:mﬁcﬂn@l:nawnaa‘[ﬂi@'uhanﬂ:ﬁﬁ’q%’unw:
iud@aTIMTUNs: (Overloading) wialuan1isfidaliefiiar < 6.0 u@iﬂmmﬁﬁwﬁm ok
midasldaussuanluiluaanun 'lwuru,mm@]ﬂgmmmwauamumiwmﬂuﬁmm
mﬂmﬂmwalwmtauﬂnLnﬂu“lumminﬂaum’mwuu luamﬁmﬂum?mq o
L%E]G’QWHLLQJJIRJL%EJSJNGEI‘lJUﬂﬂ’]‘it?ﬁmL@UI@?I’NLLUGW]I.?EIHEW% waunamnaﬂmm‘lu
fuspInIzuIuMLinsduniddnwusiiads mmmmmauumuaawmmaﬂﬁ:ﬂu
atig Lﬁaomﬂ@i:nammuaazJmdwﬁa:Lﬁ'ﬂﬂ’ﬁ’@mwana"l,nm‘sﬁ%’mgﬁm%ﬁé‘nwmzLﬁ@

2344  mowmnIlazIglzg

FIe WA Sa e miu Ty UASB tsznausay Tulasiow Woawe uas
Tanas ':i']&Jﬂ{JﬂmJ Trace Element @9aIIMaTioz Fa TR iwaua: ay'lmﬂ
maumnmwwnmvlﬂl"fi”l.ﬂ'sﬂumﬂlm dmiudadusosmsdunideialulasiau (cop : Ny
wazanTBuniddenamwe (COD - P) 'lummmawﬂ'ﬂ.uuaunw 70 usy 350 9NuURIGY
'lumrﬁmaamimg'u Trace Element tilyTunouvan fa uazlauess Suowdntsy
a:iiihua'am‘iulﬁmzmumitﬁmm:ﬂauﬁgﬁuﬂ?ﬁﬁ'ﬂHm:tﬁﬂt.ﬁm‘fuvlﬁaﬂ'mmﬁv

m:ma:jumQﬂizgmmmuunﬁm?maamﬂu 2 nga 7D Divalent Cations W@
Monovalent Cations

n) Divalent Cations ngu Divalent Cations Haisormimman @s

“lurSanm < 150 mg I qs Jaudauligmandilunisanay 2NawBAUNTIH Gt
LaznsasIaunidansafiaudynzdoanui o > 400 mg I Ca2+ AT
‘erymLﬁ@msa:auﬁwmmmﬁuﬁu‘imzlm wazanwnziiavadndundfudiasng
NaUIUMINaa:Nauaiunifinwunde

1) Monovalent Cations Nau Monovalent Cations 8159719 1s1anN

f0 NH, W8z Na 1@1UmQﬁaaaa5?1ﬂmanﬂ‘ﬁﬁﬁNa@iaé'fﬂmu:a‘uﬁ@’fluﬂ'rmn@:nawaa

o A - = L o -1 . o - o P
i]auﬂ'iﬁ ’LG]U‘YI Na WMua Uty 350 mg | LﬁNWZﬂMaqﬂj‘UﬂjjLﬁ]'ﬁfyl@UI@ﬂ@F’ﬂﬂﬁ
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Methanogenic  Bacteria “umzLc‘ﬁu‘nﬁuﬁwmmm?uﬁug}rm:ﬁmaﬂ'u{famm%myﬁul@maa
siwnidnaudandry @mdunidives NH,  wudafianududuuinnin 100 mg I asfiug
EE AN IR I RUNS HannuzLie
2345 wrtiaanuiufiy
anmasniisiiietugiwddludy - vAse  mumadulngunansngs
lanzwiin Alkalies, Sulfate, Phenol, Chloride, Nitrate WAZEANTLOY %amm@u%:ﬁaa
w‘émﬁndhfl.ﬁ'ﬂut’fjau‘l,uﬁwLﬁaluﬂ’%mru,m’]utﬁuﬁuﬁqwuﬁamwmﬂuﬁw AN
Tunyiii lisunTnrsaa nnariaananindsld  nesaanuiuiyle Aansdaans
NI msmguﬁmm;hL%uﬁmum*sﬂwﬁ'mé‘mé’mﬂ'ﬂﬁ:uu Mot Fe Al e sRssu
pE AU EnUssiandu uar  Pre-Acidification  dmwiunsdigainaainu §iien
AstasERIaAzian s H,S f‘ﬁﬂ(ﬂuﬁa"lﬂLLET’Jﬁﬂfnmﬂuﬁmﬁﬂqﬁuﬂ?ﬂgomn ot
m'zmmlu'lﬁ?hﬁ’@d'mmaaaﬁﬁuﬁﬁ@iaﬁﬁ'amm (COD : S0, Wgwnni 10
Hudedniiuagneis  ewinidnalymnisufimnaiydolesaniunid  nduuss
ANSNANT O
2346 MINI
nsnudarusuindamivnuy UASB Wintledadarlunisrialiiia
MstlagEan HaI1IRIY oL wonanTsn NIt iumIaetiywinssnlees  (Short-
Circuit) uazn1itia Channeling IndusnIasnausues %mﬂummﬂﬁ:ﬁﬂﬁﬂ‘::%ﬂ%mw
UDITZULRARAI LL@im'smuaamguu.iaLLa:@iaLﬂaaﬁa:ﬁNaﬁwam@:nauﬁﬂwmnﬁ@ SR
arsinsnawamzlugSusuussuy Fyheienndfitonsdassan vzl
U"imnnlfazjvlajwaLﬁﬂﬂumsﬁmﬁhﬁmuﬁmmam:nauﬁgué’m m'smum?%:ayj'lwﬁ’m
5657 10-30 rpm M 1 W uaznga 10 W WANIMT MLAS 0 TN NA U TN UMD
aw‘lﬁ‘i%nwmﬁunwmqmﬁmﬁ’nﬁaaanné’uLﬂ'ﬂizuuua:mmquﬁuuﬁwuﬁ'ﬁ:uu
2.3.4.7 W7
T ruzaldaniuwu et oasiinuasiididzana 7.0 ezt laitiln
suayil 1zagiuwiieRies 6.5-7.5
2348 ATINNITUMITFITOUNTS
arnowdnuosdiaasSudsingilady UASS JuntszasBunigunnnin 06 kg
COD kg VSS d G UT S msTumsssn i dwaa e ina
AN sau e b 1T Inazno WYY AN HLaIa wazrialfifiaTTymigdunidanse

ANV fJ@l::rrmmE“mw'%iﬁjzcgrmz S HDEN NI UY
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2.3.5 NI5SuUARLEUTEIY
MIGueduszyrresty UASE lutusauiilanuiduduatnannduaaud
luwiueauidasnisauRanNTwan MITUHUA RS UIn I nTun s uniS uaILan T A

o & e

aznaugiunTO TN Ig szuY wdiranawsiund fiannansuzauialy
mMInnae naumwmawummﬂauuuﬂaatﬂmauﬂ%ﬁﬁﬂwmam dniuiladufifinase
TuaeumIBuduinssuumasosun il
2.3.5.1 U‘%mmwmau%ﬁm’%ﬁﬁwﬁu

SnneznsuadunidFuduiidudssoy azandiuiinalivnaunathym
mvwa”wwam*namﬁumn Lﬁaamﬂmwnﬁwam:nau%ua’w uan nasauluiRsowe
Tuﬂwsmauwmunuu'n.au RV RS IDIS PRI ﬂamaummm@um'jaulwnw 12-15 kg
VSS m ’luﬂsm‘nmwnaumumwuﬂmwmﬂmmwmuuum uaz 6 kg VSS m~ lunsdl
Aaznaus i IminUssana MLt

o e

2.352 G’I"ﬂauﬁ]ﬂ%ﬂiﬂﬂﬂﬂ‘ﬂ"ﬂ’lda@ﬂﬂ"]ﬂ?«.‘lJ‘]_J

dfﬂi

axneudlunidignmzdvesnamezoudadliindusndhdnhgesnatudana

mwmamm:ﬂauqﬁumuaanmnmmmu‘l@ 2 Nyil fa
n) MIINAIVDINNBUDUEN Fofhilywiiudannuazesdas
wmmu'l.ﬁ'r.ﬁ@m?ﬁ:éﬁaqﬁwﬁtﬁaamﬂmtﬂqﬁlﬁﬁauﬁﬁgﬂ dasnnlunsdidoiingly
axnaupdunidinmindulusuydussluentdiszuuaadumadle
U) NIV BINNOUT UG (Sludge Bed Erosion) n3w=dny
ﬂi:mﬂf:a:Lﬂumfﬁmﬁanm:nau@ﬁuﬂ%ﬁﬁﬁﬁwﬂfﬂmn uazdananiwlunistooaaiy
TIAUNTHgE %a‘luﬁwuﬁqm:ﬂ‘lm%am:mum'jn’mﬁﬂm:ﬂau@ﬁun’% Janwmziia
2353  aaTMTIUMITITBunSg

lu'ﬁuan'm‘%'m'fmﬁm:uum'nﬁué’m’nmﬁ’umizazﬁaam:ﬁ’nﬂu Sumowiialaily
Lﬁ@lﬁm_,mm'i‘mnman'mam‘]amaaﬂs:mﬂ'ﬁgﬁuw?ﬂm:uu gmiunannslunisiia
CAANMITUM TR RN TN INMS R IR B U e lumonvasdlafidsazdas
dousmulesona:r 80 FswrmansoRndainsiuniseld MIRNSRIIMIS U
SHRRERTISS! u.a:"l;jfmfu@am:éiaNa'lﬁmw;Jmm'm'lun'm'rammuaﬂaaamoﬁﬁnﬁwﬁ@

m'sté’im:im‘luam*a:"?ﬁ:uu%‘ué’@r‘mmﬁums:qaLﬁuM (Over Loading) W&
sudannmsiumszdnanly {(Under Loading) wdINaLdodanIzUIMMSRaaznau
IRunITanwonda mmummmmnmmmmmua Bufigarmysumszlugis 0.05-
0.10 kg COD kg vss™ d luewinly dwdunsdifidigodanaasasi s msadan
MBI el (6“&166}'@_‘1\11,1,@11?1@6'1@?1) gayimyiumszanuiindudl 0.7 kg cop kg
vss ' d” [14]
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2354  9aTIMITUNTIIZUDILRED

sosmslnadinustnimindeludy  uase  Sununamdntumsamsien

w
o

gauﬂ‘%ﬁﬁﬁumﬁfmm Falwannsodaun ez naugdunidsiioda daxnisinaiiy
maaﬁwﬁrﬁga;;“]nLﬁu"lﬁ! arnaldifetywinzzdensnaufunidinnawianais
fosr0y  ToeisesnTnatiinanindsfdnaufnldernariildiniznunsdaion
8 mmﬂuamwmmmu"l@\ nmmIsenuLudaTmMIinavanindslumen  Surface

q

3 - - . o
Load 9=15e3m 1.0 m- m-d ifludifiiewalunnssensuuny il

2.4 wavmisaninga909

041 warwiiufAnTasmininedinF iUy UASE

Lettinga wazAmiz (1980) [12) leajuinizuy  UASB Nz ais
AR COD 6 NMINANBITITWINTTI (Full Scale) UazauIaa"ba (Pilot
Plant) f‘?}alﬁ’ﬁwLﬁnﬁnnTﬁaawuwﬁmLLﬂoﬁuﬁamﬁnﬁ 30 °C wuiwmmmsaa%‘umﬁuﬂ%’ﬁ
VLG];.NOG 25 kg COD m a7 upsd) Hydraulic Loading Rate 'ﬂ 5 m m d Fe ﬂaui}auﬂ‘m
finsanasnauiituasiiUssaninwimiumesndamainwg mwuaunuﬂwumaﬁ]
Tur msdanvosaznewyunis quwam:nauqﬁun‘%ﬁ AU NI W TN N
ARuriTe wazdunbamasaznawgdunidlhudoina nﬁwmmu%’ﬂwm“ﬂmaauﬂ‘%ﬁ

Wilksinsdsean vilslasldiniswauuuioSoulugiuanaznan wanaINiszuLial

AR IMITLEN IR NNTALA: IR N TaanIINTI 4 madmﬂ‘s:nawaammuuu
Liledt=navsionsadurIdszinadiig LRZINNITNARSIWL I T vusimansdm Ty

r1WNAS Denitrification ludandnfigiianse

Godwin uas Wase (1982) [15] ¥iminaaadlFimdnuuy UASB 2uaa1ud
0.44 Bas lunssiianngddandladUszanm 1,000 mg I wazgSinmardianganii
400 mg 1 mamnu 35 °¢ Tauiimslilmanalonranlomiiufiorne niidoilifias
gnasnainTeuuiidnagszwing 8.0-85 uaz cmaupnanduovlasanlndfifieduasnan
Fawainirudt devinliteflatamampesfaiimugetisioua: 99 UszanEnnlumesa
SSunma i unss i AU SHAR M EIAI WAL 1.6 kg mod

Horbert Was@tis (1996) [16] AnwnsstanmItnTasinfefiiinse lousnedg
TaplFszuuinaungn  UASB s‘ﬁammsmhﬁmﬁmmmi’éuwf&fﬂugﬂmaaﬁiaﬁiﬁgaﬁn
Yannz 97 —99 I\ﬂH1’3””1"13“(1@“@%]@%@%%{]5 37°C Lmrﬁé’mﬂmﬁﬂaugaﬁa 54 g VSS I d
Faemasin s ania dduwutnudl F/M ratio (Food to Microorganismy) @i 078 g
CoD ' VSS d AT AT LU UASE aunraldiniaihf ldwanosiie

Laswir e andsamniniadlofszanasnansinstlaugs g wazam/Tnudlod
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'ﬁmmﬁQnﬂwﬂmwuﬁﬁlﬁ'amuﬁ‘aaa: 93 vslonlifiuiaimudiwiings
wffvmiluernewinng  scnawiifaduliawe  1-2 mm  Gaiurwafidoriy
nMianaznaw  uazudaznivvesesnanlufoliisen UASB  wfenwusansolunis
Lﬂ'ﬁuuLi‘Juﬁwﬁmu'lumia:i’u“lﬁgaqmﬁo 0.86 g weaFlofunsfifinnesnsnouesidnmme
Lfl%ﬂu%dﬁhulﬁqjﬁ]:ﬂizﬂaUGT’JULﬁu‘LU wazsl Methanothrix, Methanospirilum Hungatei
LAz Syntrophobacter Bacteria ni:muﬁdaﬂﬁ"ﬂﬂm slugznauuuafiss

Agrawal URzAez (1997) [17] usadlWlfiniiT=un UASB mmmmnﬂ'smﬂauu
‘lvﬁm‘u@1mLaﬂmmmm'umwaaﬂmmﬂ it T@:ummw@aaﬂmmummu UASB
TGN 110 §ay mmumummLauﬁamﬁmmm'}mﬂwﬁumaa%Taﬁm"*nF] (300
mg ') #i 25°C wnnq1 700 T ﬁs:u:nmﬁmﬁuﬁm%amw (28,1914 uaz 9 "fﬁhﬁ)
musay  pnesenduniduduneldndiandwll 9 Wou warfiszzisAnsy
Wudn 9 Hlug sasasmsriniadlafarmousedlofranuald s inudonas 81 was
Touaz 73 auiau usrldmaiinu 212 N 1 kg cop

Byung-Uk ua: Hang-Sik (1997) [18] ANWINANITFILHiWOUYIEd Inner Tube
(IT}-Type Gas-Solid Separator (GSS) ‘faﬁmﬁrmmnﬁi’l Superficial Gas Velocity
(Up m* m° h') IT-Type GSS @aastudattaingouy UASB 2U% 0.58 m  § w3y
dndodlslunimasadldingoduesd ﬁm11L-ﬂ'mj”waoL%aﬁgamfiﬁﬁ‘lﬁﬁuﬁmﬁm:w
118 g ! uar damnsiumszassurididuduil o6 kg COD m~ d" Tenazuts
msAnwuTln 2 590 5997 1 dnwfiszeznaninifusings 11.7 9lug (44 kg CODm d)
Wzt Wil 2 AnwafisozomimiFuings 7.4 2l (118 kg COD m3 d'1) AR
MINARBINLT ﬂi"ﬁﬂﬁﬂ']W'UEN T-Type GSS vuiniuiiias U, Fadw 1ilae U,
WL 026 m b (Szuziaatnfiuingy 117 571419} 928if1 Dead Space g9il 20 %
anwmmwﬂwa’uaammymulummum uanmwmﬂwaﬂmunu Non-ideal Piug Flow
ot lsfienanias Uy Findin 0.67 m b (szoznandndiningy 7.4 Falaa) s
malnaresindymeludoinge widnwmemyinalndidueiudoFranlzhia  csTR
{Completely Stirred Tank Reactor) L'iiaamn"bjﬁ Cead Space Lﬁ@l%u,

2.4.2 wa:nu%%’mﬁqﬁuﬁaaﬁhrmgwfw wazn1ITuAREaslalauiuasuiuaey
aunig

Strand uazamz (2002) (19] AnwlszEntmwnisiudueaslelamuduwuaiisy
8 @uWul  snsamnsveamsdnmide  dnwnletesiiveslnlamuiiAiata Lhn
@i'lé‘mmwam{ga:%@a (F,) LLa:mmaTuLaqa (Mn) URZANMIAELaWIZT0INTSTUN WY 4
Tolamuivuuadicy u 1fszquuﬁuﬁﬁwaamaﬁ Wazd1 Hydrophobicity R1nN156N197

WUl dirEniawnnauny ewilelemuiumsuriusosuua i sfisnem s wus
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ﬁTum{}ﬁHm'.muL“JTmemq"L@ﬂwnm wazen  F,  uddanudnieanalianaidinine
AR nsaLnaiGogwing  Ldiantwalaosalunisy Escherichia coli DSM 498
mmﬁﬁnﬁ:’fmh:apmﬁvuﬁﬁ'gﬁiuau (Gram-negative bacteria; G-) \BuupafizuIwIn
E. Cali, Serratia marcescens, Enterobacter Cloacae, Pseudomonas Putida KT 2440 Laz
Pseudomonas sp. DSM 1650 a:fdsziminmmssuiudiderimisivinlalamy
‘ﬁliimq{'a:%@]agm g lalaauiifdn Fy 0.49 ﬁ'nuuumﬁﬁn‘ﬁﬁiJszquuﬁuﬁﬁﬁnﬂuiJﬁn
(Gram-Positive  Bacteria; G+) LBuRUAAIILIIWIN  Microccocus  luteus,  Bacillus
Megaterium L8z Rhodococcus sp. 094 aefsrEmBmwmssuiudideriinsiuniy
1?11@1*1?’1%%131]‘5:3};30 ciwlalaguiidan Fo 0.01 é’mfwnﬁu"lﬁﬁﬂﬁﬁ%uﬂﬂﬁwﬂﬁ@}vla]fl
InnasanmsauanussLLanis G- “mm‘sﬂsufmﬁwﬂwquuﬁuﬁﬁumﬂﬁfiﬂﬁﬂﬁ
Toumsiadangden  lumsiasangas  exvnisiameldamasimiauiundnfo
finmsuTuat pH Wild 6.5 dmotwWinas Phosphate Buffered Saline Solutions (PBS) uaz
FIANLTIUAIBAWYANY 0.1M  FIMTIAWLIIATINENABETTRIAANSTan s
msdunaeeffailusnugurntildteau  nanfle wuefi3y M. luteus usz B
Megaterium ﬁ@i’]é’ﬂﬂ%ﬁ’]gaﬁq@ uamsduaandaINuaNA1NY  Razuuafiy
Pseudomonas 111 2 e Herdndadiiuandeie ueddnumrmydWaaniasuadoiu
luwny¥asin Hydrophobicity paIuuafiFarnialasnisiadl Contact Angle PDIMBAUN
ﬁa%iuu%;uﬁi'uumﬁﬁm TanmluUuuafiGufiiin Hydrophilic 361 Contact Angle tszanm
20° uaswueM3ufiiin Hydrophobic J6n Contact Angle yUszanns 100 ° agnelafiany
#1  Contact Angle waemTiuiuiiuaeefaiweuduiuiAlidau  nande
uuefi3s E. Coli Wax B. Megaterium ¢i1 Hydrophobicity Andaniuuedianw o
mMsuWaaRLAN NI T,@uﬂnﬁNﬁfaLfnaélmﬂﬁFiuE&’m‘lmy:ﬁﬂi:?uuﬁuﬁ'ﬁmﬂuau
AT WA EAATzHINIUTIHED LLa:mmm:ﬁm}aaLmﬂﬁﬁmnﬁm’fuvlﬁﬁaaﬁt.mﬁqﬂﬂ
fnzay U WSs Van Der Waals, Hydrophobic #3a Polymer Interaction 88714 L3764
ARSI stia Ly ld 8 niwalumsiuiuiiuvaan 'uaqLumﬁﬁuﬁﬂﬁhﬂizquuﬁuﬁﬁn
L‘fJuaULm:mimﬁaﬂg&"uaa (1—>2)Linked  2-Acetamido-2-Deoxy- |-D-Glucopyranose
(GIcNAC) Srndiluszlomidadulesalumssunsanlumsdnmnil

Strand Uazmmue (2003) [20] ?51n‘1=+'1rm'§]@1~ﬁ'ULLa:ﬂ’ﬁ§'Uﬁ'wuaﬂ@ﬂ@lsmuﬁ’u E. Coli
L HADE A LA d AT 1T f7 pH uar ANNLIIBIAaan 9INNIIANL
W0 r‘rmﬂwfmmaﬂﬂlmfﬁ'mﬁﬁmﬁmf«hum{]azfﬁﬁa (Fn) 0.49 Fofienanurinuina s
11'3::@@%’1 alf:rLﬁ’mﬁ’nfﬁﬁé‘mﬁrlﬁa‘gmﬁarﬁuuﬁu F, 0.01 uiz F, 0.13 m‘mJﬁwm:g

Wna1d (Charge Neutralization : CNP) 289 F, 049 arldudiulalasimionni

g

Fo 0.01 wus Fa 013 waminasaswuilalaaiuiiledn £, 0.49 AN FUEIWILLTRA
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ECol unzgnoagufivinaunniige  sruvswaninpiuiuiililslsanlvinaie
ﬁmmﬁm"ﬂ'aﬂﬁ'uﬂ'j:mu,rm'ﬂWB'ULLa:n’ls{fuﬁaLﬂuWaaﬂ lumﬁg@ﬁﬁ’waﬂﬂimm
fulgas  E.Coli azfﬁua%iﬁum pH desrinhlalaswdunwedsaalotladuunson
FmammLLuumaaﬂizﬁﬁuagﬁum pH lag# pH 5 wodwaililrzggannyi ldiviinm
mmm%m’i'm'hﬁ pH 65 Ustanm 40 uasidus fﬂw'l.nmmwmmwmma
waddinnlaslar sy zageazandniadouTnanny i yamaluias Lm'thLanaﬁ
pH 6.5 snawmmwmuuwaaﬂ':“*a]wamua'm'm’nﬂ pH 5 UTIHANY I IWH 9z a8 LA
pH 7.8 'ra:wmwﬁmmn;n@mwaa‘lﬂ‘[wm:meuammamaa ati19 siienutud
m'mLL@]ﬂ@mﬁﬁﬂﬁmﬂuﬁmmﬁnnmwﬁ"vmaa"lﬂ‘[mmﬁﬁm Fa  uoananonuluania:
auidutuvaslalaaiuen 'LﬂTﬂfnwunuuﬂﬁunTuLanamnnm«nunmmaa E.Coli
'Lmﬁ‘mmﬂmnmﬂﬂi@]muﬂumﬁunfmanaaa mwuﬂ‘[uLana'l.ummwunuwammﬂ
Tosladsauazd: FUDINUMAMNLTIOIBEDY WAz pH el F. 049 f1a1uusImny
aaau‘lmuamammmﬁnu anuduiweslalamwiGuduaidunasan: fedinine
CNP Lﬂum'smuan'nm'ﬂ.ﬂaUmI';':ﬁflmﬂunmavl.ulﬂnﬂﬂnwan lunsaveasnn wu:sm
°uaa“ﬂa:uEmLauaiummamumm"l.umm'mmmamﬂmmuau‘lm'} DI ausswn whe
Lmm(gmhmgLﬂuna"lnﬂanhmiﬁmﬂumuwaaﬂ uaﬂﬁl'muwmmwmmmaaaaamﬁw
mmé’aqmi"lﬂ'[wmlun‘rmﬂﬁﬁ'umaamaﬁwﬁmmnﬁfu susnaduisléd L;Jaau
Tusefissnzusandnunatu Double Layer \adufifnanuisiuodeondn adaeg
U%mm‘lﬂlmmwgﬂgﬂmuuan LimwnsodlndiuisawalmAemsdonarwin  uas
na"l,nnmﬂﬁuuﬂiwathmmam%*ﬂﬁu’”ﬁm‘iﬁmﬂ’nmmmaaﬁaauﬁw e lsfianu
wrsaaaTEwinee Wmanumuvlummmmmjnvlﬂ lanawz amamﬂmwuﬂhjmnam
LLaw'lumwmﬂmwnnmumwmuaama m@]wm—auq M uasfidadaneneg i
AN ALARFIT

Kaseamchochoung uazatue  (2006) [21] fﬂ"ﬂmNamaas:ﬁunﬁﬁﬁwyja:ﬁﬁa
&”I‘l«‘nﬁﬂhlLﬁQﬁ’ﬂﬂﬂﬂT@‘ﬁ’]% 1 pH AT ANWUIITAIBDON VRIRINENIRBNITUSII
Wunifans  Methanogenic f‘f}w:@iaumj'".:Uu'm:Umm'l.urmﬁ@umni’mc&::ﬂauﬁuw%é
iUV Upflow Anaerobic Sludge Bed (UASR) wuin esndudupaslalanu
'?imm:auﬁqaﬁw%’ué’uﬁ‘ugﬁuﬂ%ﬂaqa Methanogenic uazUszantnmwnisiRawaanass
ﬁfua:ﬂjﬁ’m:ﬁnn'wﬁﬁwga:%ﬁa LL&:ﬁ']ﬁﬁfﬂIajLaqamao‘lfﬂmm Talamufidszery
mImianyn:dfiaiiiy 85% sslidndafidudmssuamnurasaznawldanle oo
ﬁﬁ‘izé’umsﬁﬁwy}'a:f'ﬁﬁmmﬁu 70% fWMINN9AT pH lun1smanas (pH5 6 uas 7)
‘lﬂ‘[@m’mﬁﬁﬁmﬁfn‘[mLaqaﬁw (Mw = 348X10° @oadu) 2 ssininmniaie

=4 1 dldl :‘ e 6 el ﬂ_‘ll L]
Wﬂaﬂ(ﬂﬂ’]’]\lﬂi&1‘H’}H?’TJJ'LL’1%%HIJJL§JQE~T§J (Mw = 1.38X10" @oaau) Lwaztlaais gy
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’naa’a‘aau‘[um-nramuaﬂmgﬁm‘%ﬂlﬁm%ua'ln 0.01M U 01M  sTAUNTUaNUAIWEDE
TugnzinaulalasndusSnaimninll ¢4 Tadnsudondy Sludge sminuia)
PAAR rmil,ﬁcﬂwaaﬂL"?mﬁ'uﬁmﬁnu‘?ﬁﬁﬁ‘m'jwmmimﬁUuﬂﬁzaﬂﬁlﬂunma & a7 i
rmLﬂ?iumh:'g'lﬁtﬂunmavlajvlélﬂuna“lnwé’n'lumﬂﬁﬂﬂaaﬂ AN TEYINITNARDY
WU'J'WQ’J”IEJ%%"ILL’LLWUaﬂﬂﬁ':@ﬁlmu’mﬁ’lﬁmuﬁaﬂavl,ﬂﬂﬁﬂﬁﬂ'ﬂaaﬂ Faswsntsvanlei
wsavnsWihaRaiiun nnidmeena lnnnfewssaluszuuil

243 marwitpfdisavasiunsitlalasu  udnsibiifaiaaznauluszuy
UASB

Mamouni Wazemz  (1998) 1] ladnwissininmaasdnsiliifadanznan
Tuse1) UASB leslSoudlausswitowedweiossumd fe lalasiuw nuwsfwet
Zaunmzd A8 Percol 763 tuminaaasidliis Jar Tests 1RaldidnlatfisdnTwaves pH
YIFINATI waz el lumamBnmimnzausawedwa sl fifuuazviia
PnmsanmmLin mswiounlasasen pH Suadelalamiuetiaann 1 pH fimanz
ﬁwifuiﬂimsmuag%?a 4-6 uAEIMIU Percol 763 @1 pH &imansznuianyn Yo
ﬁmmmwaﬂﬂ‘[wma%}ﬁ 25 mg/g Suspended Sludge (SS) uz Vo3 Percol 763
ag!ﬁ 2 mglg SS nnammiweiwasandulwetenlfnsal UASB wuin weaRwald
Fansriiatislymanoganznensn i liimaduwedwed uarlnamazfiiluninsen
(oH 6.7y lalamuimswandaasnovlnnini1 Percol 763 ay#i 56 Lmid Ty 35 Lm/d

auinau uelalaauinmsldnuldonmmzdssinimwazaasiile f1 pH hgantz

RIRTSAOE:S



UNN 3

Ir's Aaa o a a o
qﬂnsnsuazaﬁnﬂsﬂﬂvuuowuqaﬂ

31 1adeaila

3.1.1 DothvminFouuy UASB ?ﬂqﬁl"ﬁtﬂuﬁaa:ﬂﬁﬁﬂ’lmm 1 cm BNHUZYD9
r‘faﬂ'\ﬁmLﬁuﬁoﬂmgﬂman's:uangga 12 m ﬁﬂua‘ﬂoﬁﬁnumzlﬂumwgo 0.14 m u]:
imwaldwiuasinandiuly 019 m 's:uuuunmui’gmmﬂmmuﬁl'ﬁﬁuag;?f'flu
T5dmau 2 89 waasdanw 3-1

NINA 3-1 ANENUEYaINNI AU NFILLL UASB

312 gunmaliadinesiig (Gas Meter) Taqiilfifuna uazutinaznddalanm
0.5 cm Danwmsdunsins=uan ﬁmmqﬂ?mm 1.4 WAz 4.85 a3 YaUSuIasANT

laplFwannsunuing LaaIdsn W 3-2 uaz 3-3 auday
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NINN 3-3 a"nmm:qﬂnsnfi’mﬂ%mmﬁ"\fnﬁﬂﬂuqﬂ%mm 4.85 ’05

313 Yugwsuioudnde  uazlalamw (utlusfiesntyia  (Peristaltic  Pump)
$u 85MHP40#7 UTH STENNER Uszinagnigatiim
314 Sigsavindmdudiwaa@n PVC Y3unas 150 aas $7uau 3 0

315 LAS09IAA1AI1LY (Turbidimeter) 4 6035 Turbidimeter PaIuIEN Jenway

Ltd. Us=imaasnny
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3.1.8 Lﬂ‘i'aﬁLﬂ‘nzﬁr1'1ie§u1cvm§mmmao'§:um31LLaag}' (UV-Visible Spectrophoctometer)
I% UV-Vis 500 1891519 Unicam Analtech Co.,Ltd. Uszinsan3galasn

317 Lﬂ%ﬂﬁLﬂ‘i’]zﬁmﬁcﬂ@ﬂﬁmmd {UV-Spectrophotometer) 3% Specord S 100
V3NN Mittonray Uszimaanigeilinn

3.1.8 Lﬂ"%aai’mh‘ﬂaﬁt.muganauuaa (Spectrophotometer) 3% DR/2010 Ua3u3um
HACH dtzinaanizaiing

3.1.9 Lﬂ"?‘laa@mgrymgmﬂ 1 LR 940749 2891380 General Electric 1szinaganmu

310 edasiamanuilunse-6g (pH-Meter) Ju 1120 w8JLIWN Mettler Toledo
Yizinaadasasuand

3.1.11 w3aeTasnain lnih (Conduectivity) 1 InoLab Cond Level 2 284u3Hn
Wissenschaftlich Technische Werkstatten D-82362 Weilheim IJT:LY]?‘ITUWJLHG]

3.1.12 inTaalamuen T4 45600 2B9UTEN HACH Yizinaswigoiainn

3.1.13 1o inUSnmanuiu (Moisture Analyzer) 3u LJ16 2231315M Mettler
Toledo Uszinaaiausasuans

3.1.14 1030995inad (Jar Test) 1a9uan. wanalowan Usznelng

3.1.15 Lei3eattin (Shaker) % SK-101 983139 wina nfu $11a dszinalng

3.1.16 WTastoaBuanafioy 3 dumis U PG503-S DeltaRange wa3LTum
Mettler Toledo Uszinaaimauasuans

3.1.17 WSeatameumaiiog 1 dumia 34 TR-6101 2891U38n Denver Instrument
Company Uszinaanizaninm

3.1.18 a‘wﬁqmuquqmgﬁ (Water Bath) 3% WB22 283071 Memmert Uszing
(o7

3.1.19 dau Wi (Hot Air Oven) 34 UL40 189131 Memmert Uszinailoasan

3.1.20 Lﬂ'%"aoﬁ'im']m:m@qam%ﬂmﬁﬂ (Ultrasonic  Cleaners) 3% 2800HT U3nn
Crest Jszinaanizalim

3.1.21 1enlvamiauunungs (Heating Mantle) 250 mi i% TM103CE 131
GLAS-COL Urzinaansgaiaing

3.1.22.1@W0 (Muffle) UTHM NABER Ussinaitasam

3.1.23 1w300T0mRauMA (Particle Size Analysis) % Master Sizer 2000 U531¥n
MALVERN 1ssinadant)w
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3.2 qﬂn'mi
3.2.1 luviuks (Desicator)
327 mimenwniadiudiuTusue 0.2 le ’I.ifde"S"l;Y] Whatman ‘1]'3':’.LY!?‘|FT\‘]ﬂL]‘H

3.2.3 NIEATENIBLNULLIUIUIG 0.22 Lm GSWPO1300 189158M Millipore
3.2.4 ATEOINNIILES 1 UaT 42 PaIUIEY Whatman Uvsinasann e
3.2.5 nIaIad pH 183UTEN Macherey-Nagel Yssinenpaiu
3.2.6 a3 (Crucible)
327 &M (Cuvette) 31 UV510 PDIUI¥N Unicam Analtech Co. Ltd. Uszine
aIgiuim
3.2.8 wIRMILLIAT
3.2.9 TOUAUKY
3.2.10 BRINJNLIUUNA 25 HanA0T
3211 s lFlunsnaasy
3.2.11.1 ilnina¥ (Beaker) w1 1000, 600, 400, 250, 150, 100, 50 HaAdas
3.2.11.2 Tl (Pipette) 1w1a 50, 25, 10, 5, 1 Ha88aY
3.2.11.3 n3zuanal9 (Cylinder) Pu1a 500, 50 JRARANT
3.2.11.4 wagday (Erlenmeyer Flask) 1ws 250 Jal&a3

32115 110701053195 (Volumetric Flask) 2u1@ 1000, 500, 250, 100

32116 aLAIBINAY (Distillation)
3.2.11.7 waaawnya (Dropper)
3.2.11.8 LYIIUNAWETT (Sterring Rod)
3.2.11.9 funily (Forceps)

3.2.11.10 N323NWINAN

3.3 @siail
331 lmanuloasantod (Sodium Hydroxide) @13iudu 4% uas 50%
532 nEaasidn (Acetic Acid) AVINITHTU 50%, 1%, 6% Wie 0.06%
333 nioliasaandn (Hydrochloric Acid) ANALTNIYN 4%
334 lminunsiiese (Sodium Acetate) anandudu 1 luant
335 lmdnuasates (Sodium Chioride) aandusdiu 6.1 luadd
336 “»I’l Deionized Water (DI}

AR s - - ) € v A £
3.3.7 wrraiuildiueiasiasziddlad
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3.4 A5n1IANHNIIRIAY
3.4.1 a9
34.1.1 dndudldlueruidy
dmiuinaoAlsluneruadoilmings a’m'[‘mmqmmwﬂﬁm%@mawﬂ‘i:ﬂm
U5 118 mansu $ne Flssanidsznauludsinena URzLAWNE (6N 9 1pu

W1z Gud §udzse uazdy udu ausui@uanindofllunuidougasdoasion 3-1

@1319% 31 aaauddvaninfuilgluenuidn

winiea’ 57349
COD (mg / 1) | 4840 - 5820
VFA {mg / 1) 703 - 1834
SS (g /1) 0.52 - 0.85
VS5 (g /) 0.40 - 0.68
Turbidity (NTU) 103 - 450
pH 6.50 - 7.20

3.4.1.2 L“’Braﬂ:ﬂauqﬁuw%ﬁﬁmﬁ’u
@:naug‘ém‘%ﬁﬁuﬁ ldunannietvauuuFaandian maa‘[iaﬂwﬂ’@ﬁmﬁmqmu
Wiy Janwuniuvesvar du 6 uasiindwmiu L%a@:ﬂauqﬁuw?ﬁtéuﬁu
IS myevuBeTzinedng 282 g VSS/ f%'m%’uL%aﬂ:naugﬁm‘%ﬁﬁuﬁum&ﬁﬂ%mm

=

aznawddunidagludng 12-15 g vssn vsaliinasdotnta [14] eaiudsliTinm
@:ﬂaugﬁw‘%ﬁﬁﬁuﬁm:uuﬂ%mm 16 801
3413 lalaauilsluenuddo
gangelalamu laTumnanniSum smbadwaednsd 3% Tireunisinea
wilprdfia (%0D) 84.3 LLa:‘LfWﬁhTMLaqa (Mw) 3.48 X 10" dalton
342 wHumMaAudotheinge

NNV AR ATIEW LRAINISTS 1N 3-2



40

A15190 3-2 DrsLAus a1 L E N LA T Isw

TN
ﬁﬁﬁdﬂﬁﬁaﬂﬂi
CoD

VEA

Total Alkalinity
S5

V55

ﬁmwﬁwiwmaaq
pH

WM INTIwW
SRT

YU B ILIH

B RTIRTY

diFgnancnotinie  dngendediunaide dudoludstiTe

nnﬁﬂ@nﬁ
yindany
et
nnaden

NNFURIA

nndenn
L= I3
nnaﬂmwu
ar "
nnaﬂQWﬁ
qﬂﬁﬂﬂwﬁ

ﬂﬂﬁﬂﬂﬂﬁ

nn 30 U

nn 30 N

343 TUuHHUNITAILINITU

wysaemiu 4 Tunauaail

3431

NMSAAAITSUY

lashadnsalflflunsmeassniinsdsdsdanini 3-4
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AN 3-4 sruuthoainea e uddn

FIUUT=NAUUBIIZ Y

1. aAUENEE AU LINMINIINNTR (Feed Tank)
2. aafvlalasu (Chitosan Tank)

34, vdEnEn (Influent)

56,  anfutiieaetie (Sampling Taps)

7. dantaflifinindylalasu (UASB without Chitosan Addition)
8. damiafidnsidnlalaou (UASB with Chitosan Addition)
9.10. sihflerann (Effluent)

11,12. M%7 ww1aan (Biogas)

13,14. aunsnliaUSunouiiafinw (Gas Meter)
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3432 nounaSusussuy
lmumL*ga@1:ﬂﬂ1L€3§uw%ﬂu’11&ﬂnvl’3‘l,uﬁaﬂ’lﬁm wiominaedlsluwismialy
awriiliuanwingantizasd  laoRasanannmidesaasastunidlumendlod
dogousaneldSonas 70-80 nuuldowindsamlalndiuazeiaiwam 1 ded
fﬁaﬁ’mﬂ“ﬁlﬂuv‘gaﬂ:ﬂauﬁgﬁuw'%ﬁﬁm%’uf‘i'uﬁmzuuﬂwﬁ“@@iaw
3433 mafuduizuy
Lijangam:ﬂaugﬁuﬁ%ﬂﬂ%’uammﬁ’]ﬁuﬁﬂLﬁﬂvlé'tl.é’a SeBuTmAussUunTe
Tanmsilansindodmasusanuasinintaitss sz ainii v (HRT) 85 Falus
JUAMIITITaBLad (COD, . ma) VNN 80 % Wwan 7 T F9aaTznsIansnndiu
i dalumirnedifnsdulalasm @ahdewsman 8) dmstlanasacarslela
279 1% 13870 2 mg chitosan/g sludge o.d. TWiui 2 waIINNTITSU UV
3434 NINeaadnlegnizaIen
Lﬁagauﬁﬁﬁ:mﬂi’um‘ﬂWL{f']gianﬂ:ﬂa@ﬁ saSutlawindodnmesnuarsuns
St esa AL IED 65 45 usz 35 TIlN9 @Ndey  Aefsosiam
Aniuiugy 65 Talus dsludaiiefimmaulalamn @aTenaneay 8) Snsilon
wrazanlalamu 1% SN 2 mg chitosan/g Sludge o.d. nass luiufi 37 wasan

TSR UAWITUY 11 WATa 6 oveanian e laau

3.5 35nmsiasie

354 FmTiATEdinEY

My siEsdawdnssuse ﬁﬂLﬁﬂﬁaQ:rmluﬁ'ﬂﬂ’lﬂ’@ wazindn e
Tryute TN T AT1eReY Standard Methods for The Examination of Water and

Wastewater {22]
3511  3TmTienesdvnlTunasaudsusiuseuninia (Total Suspended

Solids, TSS)
Ny sunszeenIesfgmmnd 103-105 °C w1 alug figlvidu
Tulurinvustauantarintn

2) W ludawsnautminminnizaenTad et wIasmin

Wiaguwlantapnintoua: 4 (A)
@)y ninamaiisiheudTmidesnis
0y dentBinmenainai Salidwaandsldlamnuaiisibnfige

25 Uarnil GRHLIWIRTENNTZ61H184)
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7) hhloufigunnil 103-105°C win 1 alas Asliidulularinly
WAIREITIR RN
a) Mausmnhminiansd Wi wiinuasuudasiaani

Jouns 4 (B)

IR ITHh

1

WMDY (B-A) x 1000

. = a -1
ABILLILYIURDUNINUG (TSS) mg | = ” (3-1)
1Fuaniiaegna (mh
3.5.1.2  TmTueNzAn S oo o u T sl uRE H TR Y {(Volatile

Suspended Solids, VSS)

Ny Tz eI ldnmMIasudouwstnIae Wi

anmndl 500150 °C hwinan 1 Slasiivliiaululovi ik sud e nimnin
2y yhdrludausnawiminildouwessieanifevas 4

Ay YuinuasuoIlduvIuaaunIg (FSS)
N1IRTW I

! = ' -1
AIUTIRINLTINRBITEIREINY (VSS)mg | =

AN IURDENINNG (TSS) - srvadudaupIuasLaIfs (FSS) (3-2)

3513 ABnvhansinSuimsasudaimue (Total Solids, TS)

) aumm:mﬁﬁa“mwgﬁ 103-105 °C w1 1 $2la9 Melwiiululn
dlwuksud i inmin

1) vhgrhdausnaudmiwinoussmeda wiarmin
Waswudasiaoniidage: 4 (A)

) RemiBunmiathaiidetig dalieasudanonyals
I@z;ﬂ%mmaﬂ’laﬁauﬁ"q@ 2.5 Lafdni (Lﬁmmnﬁmﬁfnmm:mu)

3) ﬂﬁiﬁauﬁqmwgﬁ 103-105°C w1 dolae Aelmidululn
TR sud awimin

1) yindnausansiminlaned wimmnasunssdaun

sauas 4 (B)
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MIFT 873 T . L
) Lo -1 WAL 3-
EUDILII NS (TS) mg | _ UIMHNTMARAL (3-A) % 1000 (3-3)

501199819 (ml)

3514 AtmsiansimidSuiaseudsmeinoninue  (Total  Volatile

Solids, TVS)

o]

N heusmneildannmm TS vl.ﬂl.m‘ﬁaqmwgfl 500150 °C
Wwan 1 o lue Aabitdululavildudaudismnimnn
2y vidrludausnawihminidouudasstasniniaua: 4

A} DunUaawaInlInaaIInee (TFS)

TIVIRTI I TU

. ‘e , & -1
A1 DT R BIUYINUA (TVS) mg |

A0 TINIRUG (TS) - FA1UDILTINIAININNG (TFS) (3-4)

3.51.5 SFllanzdwidianussinsiteandlauniaad (Chemical Oxygen
Demand, COD) lauld COD Reactor Ua3UTHm HACH
n) eaagnai 2 m lalunaaadialans (2a9038M HACH)
2y v Blank lassiniingu 2 mi lalunaaasiaiong
a) ﬁﬂ‘lﬂaurlumci:mlﬁmw%'auéu 45600 UBILSHN  HACH
ﬁqmwgﬁ 150 °C 1iluaan 2 21w
3) ﬁo’LﬁLﬁuﬁqmugﬁﬁaa usrialaulfle3as Spectrophotometer

4 DR/2010 7030319 HACH TanlFldsinsy 43599u871798% 620 um
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it
-—3ar

NINN 3-5 7. anwusziaTagldarudan U 45600 28303 HACH

2. ANWIIAIEI Spectrophotometer 34 DR/2010 289138 HACH

35.1.6  GInsansimeiniadunidinnediig (Volatile Fatty Acid, VFA)
ny héradai 100 mi ldluraaindunuaa 250 mi
2y @abindn 100 m uar  nseuadan (50% VNY 5 ml
ran iy
A) W lnduidan 5 mi dawid Hodiindu 25 mi wrlnnse
nuansazasesyulmdoslaasonled 0.1 M 17 lasldfuadwmawiudniiaaas

'
=1

ﬂq%‘nmaﬁﬁww‘léau

3y DwinUBnmesmsazasinesyulnfonlsavenladils ()
NIATWI

' = o . -1
fnsaAuNnIdszmedy (VEA) mg I =
A x 6,000
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MASTERSIZER

Result Analysis Report

Sample Name SOP Name: Measured:
Boim - Average Tuesday, May 31 2005 2 58 07 #M
Sample Source & type- Measured by* Analysad:

Adristeator Tuesday, May 31, 2005 2 58 08 PM
Sample bulk lot ref: Result Scurce:

Averaged
Fartlcle Haimo. Atcessory Name: Analysis model: Sensitivity:
Titamum Cieage Hyorn 2000G (A} Genesal purpose Normal
Fertlcie RI- Absorption: Size range: Obscuration:
274 G G020 to 2000 D00 um 1505 %
Dlspersant Name: Dispersant R Weighted Residual: Result Emulation
Water 1330 10508 % Qf
Concentration, Span : Uniformity: Result units:
yichch Sl 2425 0735 Volume
Specific Surface Area Surface Welghted Mean D[3,2]: Vol. Walghtad Maan D[4,3);
a0z nriy 14 890G um 7B 753 um

di 1) 2 348 um dii.5) 21,483 um dil §) 50436 Lm

! ___ Particle Size Distribution N
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Sample Name:

rgn chilpgan 1 - Average

Sampie Source & type:

Sample bulk ot ret:

MASTERSIZER

Result Analysis Report

S0F Name:

Moasured by:
Admimstralor

Result Source:

Measured:
Monday, July 18, 2005 & 48 25 P

Analysed
Monday, July 18 2005 5 45 27 M

83

Averaged
Particle Nama* Accessory Name, Analysis model, Sensitivity,
Titarrare Dioxice I'bydra 20005 (A) (anaral purpose Homaal
Particle RI: Absorphion: Size range. Obscuraton:
2741 a1 0.Qz0 te 2002.000  um 22 %
Diaparsant Name: Disparsant RE Wetghted Residual: Resuit Emuiation.
Water 1332 0234 % Off
Concentration- Span : Uniformity, Result units:
MCR1% Wadel LG 245 wolumie
Specific Surface Area: Surface Weighted Mean D[ 2]: Vol Waighled Maan D[4,3];
G206 rivg 29132 Lm 13T un
(D 1} 15 703 um dll.5h 47473 un d0.9), 418 310 il
,7_.._ - - - -
i Partlele Size Distribution o |
i
g
)
7 i
_ b \ |
=
S 1{,f
kY
E 4
L 2
2 /
> 3 \
2 /
.
% |
01 &1 1 10 100 1060 300¢ 1
Farticle Size (um) |
—non chitosan 1 - Average, Monday, July 18, 2005 5.45:25 PM |
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MASTERSIZER

Result Analysis Report

Sample Haime SOP Hame: Maasurad:
Add chnosan & Average KMonday, Jusy 18, 2005 8 15 02 #M
Sample Source & type- Measured by: Analysed:

Adrmimisir 3o Monday, July 18, 2008 6 15 03 PM
Sarnplas bulk kot ref, Result Source.

Avergpad
Particle Name Accessory Hame: Analysis model: Sansgitivity:
Titanium Siowide Hydre: 20006 LA) General purnose MNarrnal
Farticle RL Absorpton, Size range: Qbscuralion.
2741 [ 020 to 2000000 um 1254 %
Dispersant Narme Dispersant Rl: Weightod Res|duat: Result Emulation
\VWater 1330 0362 Yo ot
Concentration Span . Unisfermity: Resuit unils.
003w ol 21 Adf 584 Wolume
Specific Suface Area: Surface Weighted Mean D[1.2]: Vo, Weghted Mean D[4 3].
a1 mig 1% 7A5 ur 217 B3B8 umm

[T ) ERL) b d{os)y 34329 wim il %) Td5.964 ane

Particle Size Distribution
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1
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% o1 a1 t 10 1an 100¢ 3006
Particle Size (um)
-~ Add chifosan 2 - Awerage, Monday, July 18, 2005 615:02 PM
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Operatar notes,
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Sample Name-
At chitosan O Averange

Sample Source & type'

Sample bulk lot ref,

MASTERSIZER

Result Analysis Report

SOP Name:

Measured by
Aormmstrator

Result Source:

Measured:
Thursday August !l 2005 4 23,30 PM

Analysed.
Taurseay, August 11, 20054 23 32 M

Averaged
Particle Hame* Accassory Nama Analysia modal Sansibvity,
Tesnum [igxigs Hydra 200G (&) (zeneral purpose Hormal
Particle RI: Absorphion: Size range. Obscuraticn’
2741 a1 002¢ e 2000000 um 15 2% o
Dicpareant Name. Lispersant RI: Weighted Residual: Result Emwlabon:;
Watar 1330 0375 o Ot
Concantration: Span - Uniformity: Reuult vrits:
003k el 24 295 L4 Volume
Specific Surface Area: Surface Weightad Mean D[2,2): Wol. Weighted Mean D[4,3]:
0w mg 20702 e 243830 um
4Dk 11 460 um di0.5): 35 B85 um HOY):  BE3I 260 um
Particle Sfze Distribution o
7
3 :
— 5 :
Bl
x4 |
= A
= ~,
? \/ \
1
% 1) as 1 1 100 1000 3000
Particle Size (pm)
|—add chitosan 08 - Average, Thursday, August 19, 2005 4:23:30 PM

85

Bk n®|  [Ra vaemen]  [Ee ] [ommeeng] [Fom] e[S %
i I I R B ™ I e e I = = o R
non ol nie oo 1,448 i 1518 ot AR ;: 8T ;:
Gns o o1de o 1.PEQ 15 T ™ e ™ 1905457 oo
o7 e nm am 105 a L=l i T s Pl o s
Gt ot 0z Py 218 o -1 5o zHsn o 261 806 o
o0 oot N0 pys 2532 pput -1 0] s s i It am
BiEs pont [i¥2] Y 2604 ox 03 - He2E [ meam P
&0 oo ons am EEN] s e o E1o 152 Wt 20 om
ams a0 L amm aem ot =z il asm b 4518 -
Qo o nart e s o o by 60 00 s o
e o oam an amz 0.5 o F1 Has 21 450 nm
il aon o320 am i ne? ma H S FEY b [
em am o . SHT iy | e TR 240 TSI P
oI 4 ofm ao 150 S1a T an E31.78d 241 AMGEE Lm
LY. st o 06 ar0 s nan by P ya| [rommo
GO N 06 00 W AT
@i &n 108 oee Tz 2w Rl 8 15 it m
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MASTERSIZER

Result Analysis Report

Sample Mame; S0P Hame: Maasurad:
add chinusdn J2 - Average Thursday, August 18, 2005 17 55 37 PM
Sampie Source & type: Measurad by: Anglysed-

Adrmirstratan Thursday August 15 2005 12 55 36 PM
Sampie bulk (ol ref: Rezult Source,

Averageg
Farticle Nama: Accessory Name: Analysis model: Sensitvity:
Teanium Chiade Hydro 20006 (A Gangral purpose Marmal
FParbicle Ri: Absorpticn Size range. Obscuration:
2 a1 2020 to 2000000 un 471
Dispersant Name: Dispsrsant R1 Welghted Residual: Resoit Emulation:
Witer 1330 3258 k] OFf
Concentration Span Uniformity: Result units:
LOBZ3 o 21758 548 atume
Spactfic Surface Area: Surface Welghted Moan D[3,2]: Vol. Welghted Maan D[4,3]:
0207 g PR 535 11 25€¢ 515 un

LR ] 14.644 wm 4{0.5). 42.250 LT di0.91,  933.936 urn

Particle Slza Distributlon

2
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1 \ |
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! g 0.1 1 10 10 1000 2000
| Farticle Size {pm)
f add chitosan 02 - Awerage, Tnursday, August 18, 2005 12:55°37 PM
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Sample Name-
Borm104 &« - Avarage

Sample Source & type:

Bample bulk lot ref:

MASTERSIZER

87

Result Analysis Report

S0F Name:

Measured by:
Adrministratos

Result Source:

Measured:
Monday July 16 2005 4 57 4 PM

Analysed:
Monday Juy 16 2005 £ 57 15 P

Averaged
Particle Hame: Accessory Name; Analysis model: Sengitivity:
Titaniurm D e Hydra 200005 (A} General purposc Hormal
Particle Rl Absorphon: Sl2e range:; Checuration;
2741 c1 w0zZ0 o 2030320 um 131y %
Diaparaant Name. Dispersant Rl Weighted Residual; Result Emulation:
Water 1330 G ¥ Off
Concentration; Span : Uniformity Result umits:
0484 A 5 264 161 valume
Specific Surface Area: Surface Waighted Mean D[3,2]- Yol Waighted Mean DH4,3]:
0235 mAg 25 537 uT 83 193 L
d{o1y 14078 um 4{0.5)  AB.0OS? wn dit o) 14385 um
a . Farticle Size Cistribution
8
7
g ° - |
T 5
E
=2 4 H
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> 3
2
1
q\] M an 1 10 100 1000 3000
Particte Size {um}
f:Bom105.2 - Awerage, Monday, July 18, 2005 4:57 14 PM
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MASTERSIZER

Result Analysis Report

Sarmpla Name: S0P Nama: Maasured:
Flamic? - Average Tausday May 31, 2005 3 26 45 PR
Sample Source & Iype. Measured by Analysed:

Adrminestr ator Tuesday, May 31 2005 3 28 45 PM
Sample bulk lot rel: Resuit Sourco:

Averaged
Particla Namae: Accessory Name: Analysis modai: Sansmwity:
Tranum [ioads Hydre 2005 (&) General purpose Marrnal
Particle 81 Absorpbon: Size range: Qbacuravorn,
2741 01 0020 o 2000000 um 13958 %
Dispersant Nama: Disparsant RI: Weighted Res dual Result Emutativn
Waler 1330 0236 k2 ot
Concentration Span: Uniformity: Result unirs,
(2540 il 22357 533 Volwng
specific Surface Arga: Surface Werghted Mean 3,2]. Vol Weighted Mezan O[4,3]:
{1 R ng 16 218 um 138 445  Lm

i1} 5 686 uin di0.5): 26540 uin d¢d 4] B03.454 im

Particie Size Di

LT E ey
o

o

% m a1 1 14 100 1000 300G

Particle Size {um)
Bom@3 - Average, Tuesdeay, May 31, 2005 3 26:45 PM
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Sample Namae;
non chifsan ¥ - Avarage

Sample Source & type.

Sample bulk lot ret

S0P Nama:

Measured by,
Adrmimistzator

Result Source:

Averagec

MASTERSIZER

Result Analysis Report

Moasvred:
Trursday, August 11, 2005 32 30 18 AM

Analysed:
Yhursday, August 17, 2005 12 30 19 PM

Parucle Mame.
Tanum (ioxide

Accessary Name,
Hydra 20004 (A1

Analysis model.
General purposa

Parlicle RI' Absorptian: S1ze rangea: Obscuration,
27N s} o C20 to Z200C 320G um 14 01 L™
Diapersant Name: Diapersant &l Weighled Rezidual: Hesult Emulabion
Water 13350 0245 %, Off
Concentration, Span . Uniformity: Resutt units:
0 {66y Wil 12048 113 WoIms
Speciiic Surfaca Area, Surface Walghted Mean D{3.2] Yol. Warghted Mean D{4,3]
0183 mig 32 8303 ur TBREXS um
did,y| 17 518 um il 5) 0121 win d(0 9% 621022 um
g — Particle Sfze Distribution __
7
. i !
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5 .
4
3

¥

%.01
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o1 1 100 1000 3000
Particle Size (um)
[—non chitosan 1 - Average. Thursday, August 11, 2005 12:30°18 PM
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Sampte Hama
Mor chitosan 03 - Average

Sample Sourre & type

Sampie bulk lal ref:

Paricla Name
Titanum Jinwac

MASTERSIZER

Resuit Analysis Report

SOP Namp-

Measured by:
Admrsirator
Result Source
Argraged

Accessory Name
Hydre 20000 {A)

Moasured:
Thursgday, August 18, 2005 1 15 (0 M

Analyged:
Thursday August 18 2005 + 1501 PM

Analysis model:
Gererat purpose

Sengitivity.
Normal

Particle RI- Absorption: Size range: Obscuration.
274 09 [(ferial to 2000000 um 15.64 %
Disporsant Nama: Plepersant RI: Waeighied Residual: Rasutt Emulation’
WWaler ¥ 330 0213 ¥ Off
Concentralion, Epan: Uniformity. Result wnits,
(10856 Wil 12 681 3is Waolume
Fpecihc Surface Area. Surface Weighled Mean D[3,2) Yol Weighted Mean D4 3]:
[V T g A7 2B urm 3959 593 um
dit1; 19 737 urm d(0 &) 55090 um d¢d 9): 685 289 urm
,,_ _ B Partigle Size Distrlbution .
i ¢
|
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..
ol 3
o
E 4
C2 .
o 3
\ 7
b
o ot 1 10 100 1000 3000
Farticle Size {pm)
- Non chitosan 03 - Awrage, Thursday, August 18, 2005 1.15:00 PM
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NI SRT Auh 30 1a95=1u1Te UASB Aiinsianlalasu

L'J‘m;1'n'r°fnLﬁu;ﬂ:zmu'ﬂam”f (SRT) = VX

(Q-Q) X, +Q.X,

V = USanmianinge = 0.03 m°

X = mmm']’wr‘]’wuamznauqauﬂ%ﬂuﬁaﬁﬂﬁ’@ = 13300 g VSS/m'
Q = damIlnauanindawin = 0.0085 md

Q, 15’m1ﬂ.mma{m"namaw‘%ﬁﬁ'aanmm*uuﬁ’]ﬁm =0 md
X, = AMUITNT WU BIaT ﬂamaumzﬂummumaan = 710 g VSS/m’

X, = aNuTuTuI0Ia: ﬂaumumtﬂummmnammﬁmmum =0g VSS!m

r

3 ]
o = e 0.03m X 13300 ¢ VSS/m
LAMTINILALRZNAUIR § (SRT) = °

0.0085m'/d X 710 ¢

66 day
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Biogas

con,,

COon
" UASR Washout - ¥S5

uul

@13197 -1 ﬁ'agaauqawﬁuam:uuﬂwﬁm UASB ninmidulalaas

_C_ODIH 44.56 NTNGD N

COD,., 2.03 nTuaaTH

CODmns o ' 42.53 n¥ueniu

VSS,, _ 13.40 nSudlafidaTu

VSS,unes S4T30 559 niudlad

VSS,. uaep TUH 60 | e niudled

;New Cell _ 1.90 n§udlodeain -
\iogas _ _ 13.67 AoseioTu

wanaae : 1.4 nindled do 1 n3y vSS [23)

ﬂmqaﬂﬁu a1

Accumulation = Inflow - Cutflow + Nutrients

NewCell = COD, ~ (COD,, + V85, + Bicgas) + 0
1.90 nudladdatu = 44.56 nSudaiu — (2.03 nTusaIn + 13.40 niudladisio iy + Biogas)
Biogas = 44 56 niusain - 2.03 niudlofdatu - 13.40 nfudladidaiu - 1.90 nindleddaiu
= 2723 nTuilafisiotn
13.67 ANIABIN

AT IHAARWTINTW = = 0.50 Ansdanivilof
27.23 A5 loann T




@15791 9-2  danasunaaiveuszuuiie UASB Hlilinnndalelaou

95

COD,, 44.56 NSNRIU
COD,y 4.91 nTudatn
CODemoves 39.65 NIuEDIU
VSS,; 18.50 nTudlafsain

VSS,, yage WA 30

504 nsuglad

VSS,, uags JWA 60

545 NIUG L&

New Cell

1.35 nJudladsaa T

Biogas

11.78 8955994

WUNOIMA : 1.4 nTWElad da 1 nu VSS [23]

augan1inan

Accumulation = Inflow - Cutflow + Nutrients

NewCeli = COD,, — (COD,, + VSS,,; + Biogas) + 0

135 niudladisioTu = 44.56 niudaiu - 4.91 nfudatu + 18.50 nfudlefieatu + Biogas)

Biogas = 44.56 nTN6ia4 - 4.91 nTudadu - 18.50 nFudladisatn — 1.35 nTudloddau

= 19.80 nuTlafidaTy

DRTINIHAARITTIAW =

11,78 anineiu

19.80 N5U% lodAs 0T

= 0.59 Rataansudlad
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AT519N -3 “:Ta;gamaL@‘]m:uwaﬁ:uuﬂ'}ﬁ’@ UASB YI8a952 UL

[

fatintde UASE Anntnaslalamiu

Be o YL o
furiiim UASB Aiuirnsulalesnu

bz st pH,. PH, FINGIT Yiam PHou ZENtE S LR UHanm
TURE N tem) | fimsanw § g TUATNEH em} | fwdanaw o dh
[ 7_00 - 3.91 55 - 5.98 56 )
1 700 6.26 55 2.37 6.26 56 1.95
3 700 6.45 55 308 6.43 56 2.84
4 700 6.61 555 4.74 6.72 56 4.03
7 700 6.89 355 5.21 6.98 he 4.27
8 700 7.53 58 4.98 7.33 56 4.50
g 6 50 720 56 6.16 7.08 56 521
10 6.80 700 56 6.83 6.89 58 5.42
11 7.00 7.01 56 7.54 7.05 56 5685
15 6 80 723 56 7.54 7.37 56 754
16 6.50 7.58 57 6.41 7.26 57 7.92
17 6.50 7.26 57 9.80 7.18 57 9.05
18 6 80 7.20 57 10.84 7.20 57 9.42
21 6.50 7.25 57 8.48 7.21 57 8.84
T I22 6.50 7.20 58 9.90 7.16 57 893
23 5,50 7.18 58 10.84 7.16 57 942
24 6.50 7.15 58 11.75 7.15 57 10 37
25 6.80 7.15 585 12.72 713 57 10.84
28 6.50 7.25 58.5 13.19 7.23 57 11.07
29 6.50 7.22 59 13.43 7.20 57 11.55
30 6.50 720 558 13.67 7.18 57.5 11.78
3 6.50 7.19 59 14.14 7.186 57.5 12.02
32 6.50 7.18 59 14.84 7.13 57.5 12.48
35 6.50 713 59 1410 7.10 57.5 11.31
38 6.50 710 59 13.86 7.01 57.5 10.68
37 6.50 7.08 59 14.59 7.12 57.5 10.56
33 B.50 7.06 59.5 14,98 7.1 57.5 11.49
39 650 7.05 595 15.12 Fil B 57.5 11.94
T 6.80 7.02 59.5 15.71 7.05 57.5 10,95
43 5.50 7.13 59.5 15.08 7.11 57.5 11.84 _
o G50 | 706 595 15.35 7.13 57.5 31.24
45 6 50 7.04 5.5 15.95 7.09 58 10.56
46 5 80 7.00 59.5 16.02 7.15 58 - 9.485
49 6 50 7.13 59.5 15 71 7.16 58 10 37
a0 & 50 710 59 5 15.39 7.09 58 10.37
51 B 50 70 58.58 16.02 7.02 58 1-1 3
na 6 50 7.06 59 16 34 6.97 "5 1162
3 b 80 7.05 59 16 96 7.00 58

1124
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favntia UASB Rilmaaalelagis

tarnde uase #lignneanlelaou

Tz a pH.. pH,,, ANTWFLLE L dium pH.., AINFIVI 1
FUAZOAL {em} | Fatimw i d ') FUAENR emy | Mwdunw (1 d ')

56 6.50 715 59 16.96 7.09 58 12 25
57 6.50 7.16 59 17.28 707 58 11.62
58 6.50 7.13 59 16.96 7.05 58 11.94
59 650 7.15 59 17.59 702 58 11.94
60 6.50 7.1 59 17.59 7.01 58 12.25
63 6.80 7.00 59 17.34 6.91 58 10 66
64 6.50 7.06 59 16.50 7.08 o8 10 18
65 6.50 7.05 59 16.59 7.08 58 10.56
66 6.50 7.05 59 15.83 7.05 o8 10.56
&7 6.80 7.02 59 15.46 700 57 9,80
70 6 50 7.20 58 15.83 7.12 57 9.80
71 5.50 7.15 58 17.34 7.13 57 10,18
72 6.50 712 58 17.72 7.10 58 10.18
77 6.80 6.92 38 17.72 5.85 58 529
78 6.80 6.98 58 18.85 6.92 575 9.42
79 6.50 7.18 58 17.34 710 57.5 10.18
20 650 7.15 58 17.34 7.24 57.5 9.80
81 6.50 7.13 58 12.10 7.18 57.5 10.56
84 6.50 7.08 58 18.10 7.10 575 11.31
85 6.50 7.05 58 18.47 7.12 575 11.31
86 6.50 7.03 58 18.85 7.09 §7.5 11.69
87 6.50 7.02 58 19.60 7.06 575 12.06
88 6.80 6.99 58 19.98 6.95 57 1169
91 6.50 7.14 57 18.85 7.12 57 12.44
92 6.50 710 57 18.85 7.16 57 11.31
93 6.50 7.09 57 19.23 7.1 57 12.06
94 6.50 7.05 56 18.85 7.13 57 12.44
58 6.50 7.00 56 17.34 7.10 57 12 82
99 6 80 712 56 16.96 7.08 57 12 06
100 6.50 7.05 56 17.34 7.18 56 11.31
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AT N -4 “ﬁa;ﬂamnﬁumﬁzmrﬁiw DL KA U IR NA LAY AINIITIN U

A3 A TSS (g 1))
1 35.90

2 35.95
3 . 35.48

TS g1

o 35.90
3595

3550
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uazadlalasruaalsz@ndnmnisinyaindslnizuy Upflow Anaerobic Studge

Bed

EFFECT OF CHITOSAN ON THE EFFICIENCY OF UPFLOW ANAEROBIC SLUDGE
BED SYSTEM

i I = a a1 I = = 62 e 1
E‘TY]'HWM; LWWHENTTEH U3 Laﬂq‘ﬂﬁ?ﬂﬂ URE IWYIINT N'ﬁqﬂ'ﬂ"]ﬂ

, VN \ 2
Sittipong Loeisittichai , Pranee Lertsutthiwong , Chantaraporn Phalakornkule1

IDepar‘[ment of Chemical Engineering, Faculty of Engineering, King Mongkut's Institute
of Technolegy North Bangkok, Bangkok, Thailand.
2Ccnter for Chitin-Chitosan Biomaterials, Metallurgy and Materials Science Research

Institute, Chulalongkorn University, Bangkok, Thailand.

undado: nsnadwaddeaznaugiuniduazmiaamsgaifoaznausenanizun §
ANUFIATYABNITNNIWTDITEUY  Upflow  Anaercbic  Sludge Bed (UASB) Fanin
m‘sﬁnmluﬂ%ﬁ%aﬁﬁaq%amw"lﬂiwmﬁﬁi:ﬁum‘iﬁﬁwga:ﬂ%ﬁa Wiy 85% s lg
lumsthdaiidoueslsanundanalinszlasdnossuudanan Lﬁaa@msgmulfém:nau
gananszuuwaslFsu syl ndnommstminderiud uase Alidalalaam
Pnuamanaas  wWodn  lelasusansnaemigaiiuaznaugdunidasnuanizuy
Uszanm 21-67 % uazsnunsamdaanuanysn (@led) lagenindy UASB Alaidslela
4 YTz 5-10% Tmﬁaé’mﬂrmHﬁmﬁw"ﬁqmwﬁgun'jnLta:mmﬂmauﬁ@mﬂauq'ﬁ

urddAlnnin dezanm 21-53 % uaz 25-50 % MUY

Abstract: The formation of microbial granules and the reduction of granule losses at the
outflow are important for optimal performance of Upflow Anaerobic Sludge Bed (UASB)
system. To study the effect of chitosan on the reduction of granule losses and enhance
the efficiency of UASB, chitosan with degree of deacetylation of 85% was added to
UASB reactors treating wastewater from a fruit-canning factory. The resuits showed that
the use of chitosan was able to reduce the microbial granule losses about 21-67% and
5-10% higher on the reduction of chemical oxygen demand (COD} comparing with the
control {without chitosan). In addition, the rate of biogas production and the size of
granules were about 21-53% and 25-50% higher, respectively, comparing with the

control.
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Introduction: The most favorite anaerobic wastewater treatment in industry is Upflow
Anaercbic  Sludge Blanket (UASB) system because it can take high organic
concentration of wastewater loading efficiently. The principle of UASB is using
microorganism to digest organic in wastewater treatment. The efficiency of UASB
depends on the characteristic of granular sludge. The low-density granular sludge wit
be flow up to top of reactor and be washed out of reactor. So granular sludge should
have high-density for remaining in the reactor without washing. Adding synthetic
polymer is the interesting method to make granular sludge having higher density and
remaining in reactor for longer period.

The synthetic polymer is hazardous to human and can cause environmental
problem so natural polymer is better alternative. Chitosan is the natural polymer, which
can be found in shell. It has a lot of high cationic amino group, which can cause
granular sludge. From the research of R.El — Mamouni {1998) found that in the UASB
chitosan could make larger granular sludge. So this research is studied the effect of

chitosan to UASB wastewater treatment,

Objective: Comparing the efficiency of UASB wastewater treatment between with and

with adding chitosan.

Materials and Methods: Wastewater was obtained from a fruit-canning factory named
Malee Sampran Factory. The main components consisted of sugars and various fruit
debrises such as rambutan, lychee, pineapple, orange and guava, which were removed
by a static hydro-screening. The COD was 4,500-6,000 mg I'1 and pH about 5-6. Two
reactors with working volume of 30 liter were made of clear acrylic. Each reactor was in
a cylindrical shape with 1.1 m in height and a conventional three-phase separator. The
reactors were inoculated with anaerobic siudge from Huaw—Kwang Domestic
Wastewater Treatment Plant and the initial volatile solid concentration was 15 kg VSS
rn'3. The acclimatization of the sludge was carried out in each reactor untii COD
removal was more than 80%. Subsequently, the wastewater was recirculated to each
reactor everyday for a week, and the start-up period was followed by gradually flowing
wastewater at hydraulic retention time (HRT) 85 h corresponding to organic loading rate
(OLR) 1.45 kg CCD m'3 d'1. Chitosan solution 1% {W/\V/) was added to the first reactor

in the dosage of 2 mg chitosan per g dried sludge, while the second reactor was
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without chitosan. After COD removal was constant at 85%, the HRT was further

reduced in a stepwise fashion, i.e., 65 and 45 h, respectively. Samples from the

influent, sampling ports of UASB and effluent were collected periodically for analyses of

COD, Volatile Fatty Acid (VFA), pH and washout of biomass by following the Standard

Methods (Greenberg et al., 1990). The amount of generated biogas was recorded using

liquid displacement gas meters.

Results, Discussion and Conclusion: The acclimatization pericd, which lasted for 2

months, enabled the system to rapidly adjust itself to the wastewater at HRT 85 h (OLR

= 1.45 kg COD m" d). Fig. 1 is the plot of OLR and HRT as a function of operation

days. Figs. 2 and 3 show the washout of biomass and percent COD removal,

respectively. Figs. 4 and 5 show the bicgas preduction and average particle size,

respectively.
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=LA edd CTIA NS uep

[g.5. Average particle sive against time

Two reactors were successfully started up, and were efficient for treatment of
wastewaters from the fruit-canning factory. However, the UASB reactor with added
chitosan soluticn showed better performance than that without added chitosan, i.e. 16-
67% lower biomass washout, 5-10% higher COD removal, 8-50% higher biogas

production, and 24-37 % larger size of microbial granules,

Reference:

Greenberg, AE., Conners, J.J., and Jenkins, D. (1990) Standard Methods. American
Public Health Association, American Public Association, Washington.

El-Mamouni, R., Leduc, R., and Guiot, S.R. “Influence of synthetic and naturai polymers

on the anaerobic granulation process”. Wat.Sci.Tech. 38, (1998} : 341-347.

Keyword: Upflow Anaerobic Sludge Bed System, chitosan, granule, biomass, biogas

wastewater treatment, COD
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Eval of chitosan char for floce of anaerobic sludge and gnhance of UASB perform.

Phalakornkule et af

EVALUATION OF CHITOSAN CHARACTERISTICS FOR FLOCCULATION OF

ANAEROBIC SLUDGE AND ENHANCEMENT OF UASB PERFORMANCE

- a b
C Phalakarnkule | C Kaseamcnouhoung’_ S Lersittichar , P Lertsuttiwong .

‘ Cepartment of Chermzal Engineering, King Mongkut's Institule of Technology North Bangkok. Bangkok 10803 THAILAND

"Center for Chitin Chifosan Bramaterials, Metallorgy and Matenials Science Research Instilute, Chulalongkorn University, Phyathar Rd.

Banghok, 10330 THAILAND

E-mail, epk@rmitnb ac h

Abstract

The fitst port o this Study irvestigated chitosan charactenshcs, 1@
degree of deracetylation (GO0} and molecular walght lhal allowed fugh
siidge  focouldton wih minmum - dasage under the defined
anwrenmental condiions  Chitosan with B5%D0D was more effecive
han that wath TE%OD as (ne lormar required lowar dose 2 ohtain
90% flocolabon o &l studied pHoand 1o strength In addibion, low
molecular wiaghl chatosan (MY = 25x105 dalton) enhanced iha
tocenlation better 1han tgh molecular weight chifosan (MW =1 4x10'
dallon] Tha chiosan was able 19 function edber o amdic or neutral
cordiians, amd wary smail amounts of chitosan (< 4 mgf g suspended
sidst ware requred The second panl of ths study investigatod the
pitect of aelting chilcssn with H5%00 and MW of 25x10° garan on
e cadormance af a UASE reactor Only small amoun's of chilosan
were applied (wo IMpctons wih 2 mg chitosandg suspended souds at
each mecton) The LASB perarmances we'o sluded LPrough
aralyses uf chemical oxygen demand remaval, bliogas produchon
rate, washout of biomass and granuial size Throughou! 1he course cf
expaamenl and 0 companson with the UASH without chilosan
adoibon, the UASE with chitosan addibon hed 9.50% lowar effluent
COD, 41 higher COD removal, up e 38% higher biogas
production rale, 16-68% lower Diomass washout and 24-3/% larger

granule siza

Keywords:  chiosan,  anaerabg shodoge, Focuulation,  UASE,

wasTewabar
1. INTRODUCTION

The perormance ol upllow ardatote sludge bed (UASE)} syslam 15
tigny deperdent on granulalon process Wwih  parbcular orgaric
wasewater In general lhe star-up penod of sludge gramutation
recuree P-A moeths (L et af, 2003} To reduce the space-limg
fewromess of UASH ke reactors, the use o synthehc or naturat
el piters 1s cesired (El-Marnoun et ol 1998] The typcab synifielc
po'yners usked for Mocculabor are copalymers af acnglamide and
Loyt CalCNIC MONAMEr, COriMenly d gquaternary ammamnum sl of
A klaylate Howeeor, replacement of acry'amide-based palymers by
natu dl Ghen has a4 creowing polental due lo ther modegra¢akiity,
lesn adwerse ofects i Ponan beallh, and renewabe  sources

il el 2UCEE Dee aitracter alemmatve 1s chutosan biopolymer

ar poly[ﬁ-u—>-i}—E-am|no-2-deoxy-D—g|ucopyranoseJ whech 15 malnly
produced by alkahne deucutylaton of chiin Under shghlly acidic
condlion, chiosan, whose pKa of the amno group 15 aboul B.5,
comtains high positve charges and thareby very attractive  for
floceulatian dus to its bindmg 1o the regatve cell walls of bagtarda In
UASE systems, chilosan enhanced sludge granulatlan and shertened
Ihe start-up enod {El-Mamourn et af . 19948, Thaveesn of &l , 1945)
However, only few studles focused on the influence ol chlasan
characlenslics especialy degrae of doacotylalion and  molecular

weghl en granulahon procass under vanous pH ang 1onic strenglh

The present work aimed to nvestgala the effect of chitesan
charsctenstics, | e degree of deacetylalion and malecular weight, and
envirommental comditions, e iaric strength and pH. on the
Bocowation ethciency. The study would help find the approprile
chitosan charactenstics that allowed high shdge Hocculatizn wih
mirimum dosage under the defined environmantal conditians and
Investigated the effecis of chifosan addiion gn 1ha performance of a

30-titer UASB for wastewa'ar breatmen of a fruil-processing Indusiey

2. MATERJALS AND METHQD

2.1 Sludge suspension

Anaercbic sludge was obtaned from  Huaw-Kwang Dunestic
Waslewater Trestmwent Planl, Bangkok, Thailand The zata potenbal
of the non-seltleable frachon of tha sludga was measured In tuphcate
according lo Vogelaar st af (2005) using 2 Malvem Zetasizer 3000
HS, (Malvern Instrumants Lld., Uruted Kingdom) Sludge paricle size
distbulion was measured using & Malvern Mastarszer 2000 panicle
size analyzer with measurng range 0 02-2000 m {Malvern
Imstruments Ltd. Urdted Minguom] The waber contacl anglss on
sludge lawns wete measured according 1o Strand ef ol (2002} using
Contact Angle System OCA (OCA 15pius, DrataPhysics Instruments
GmbH, Germary;  The studge characlenstics, 12 zeta polenfial &t
pH 7 ana tonic strenglh O 1 M, volume weighted mean of damealer,
and water contact argle, wera -125 210 my, 2875 m, 7374 +
2547, respeotively  The sludge was  dletod unbt  the sledne
conceniralion was 12,000 mgil, a bypieal staring concentealion oo
UASE {Lettirga ef ol 1980) |1 was fhen amusiad 1o approprinle onic

stiengih with MaCl (01 M) #nd used oo the wil at studge suspansn
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2 2 Chiroxan

Chitnsan wilh 70%00 (M70) was prepared by alkobne deaceiylation of
sinmp chiline (Lertsutthreong et &, 2002). Chilosan with 85%D0
[MAR) was provided by Taming Frlerprzos Co . Lid, Samuisakom,
Thaland and thal with 82% 0D (HE2) wilh waght-average molacutar
weight of 1 36x10" dalton was oblawnad trom the Center lor Chitin-
Chitasan Biomalenals Cholalongkorn Unwversity. The charactenshzs
of chiosan ara Labylatad in Tahle 1 The degree of deacetyation was
determined by the frst denvative ultraviolst  spectraophotomotry
method (Muzzarelli and Rocchett, 1983) with modificaton of Tan al
af (1998) The weight-average molecular weughl [Mw) was analyzed
wsing gel permeation chromatogrephy. Viscosily of 1% chiosenm 1%
acells acd was measured at 25°C using Brookfeld wiscometer
{model LY ov-IV'. Brookfield Engineenng Labocalones Inc, LISA)
Tne solubliity was caloutaled from the amount ol Insoluble matlers
after shaking 1% chilesan n 1% acelic acd at 108 rpm, 25°C far 24
h. Chitogan slock solution [1% wiv) was propared by dissaiving 1 g of
chilosan in 100 mL of 1% acete acid and shakng the sclutien at 200
rpm (Orbital shaker, 5K-109, Diligent, Thadand) al room temparature

for 24 h

Table 1. Characteristics of the chitosan used In this sludy

vsing @ Tuibidimeter (mooe' 6035, Jenway Lid., Unged Kingdum)
Tha fleccdlation was calculaled from lhe decrease o borbiedly of
supyr atan? after "reatn-en with chilosan comparad 1§ tre reference

wihout chulosan

2 4 EMect of ionic strength

Twe levals of wome strength were used in his study, The slaxdge
SUSpensiun was adustad with NaCl to gel the high iomc slrength (01
M) and with dewor.zed waier o get low ome siength (901 M) These
sUSpENSIONS were then used in the fincculanng assay described n

23

2.5 UASE reactor system

Twa wenbical reactors with @ warking voluma aof 30 lters wars made
of clear acrylc Each raactor was a cyladocal shape, 11 min heaght
and 20 cm In dhameter (Figure ) One reactoe (RY) had no chilosan
added and served as d4 comirol, whie chéosan was acded 1o the

reacior (R2)

_'.
11
.
'
&
—

' t
1

Chaosan Ash oo Mw Piglan Vi -comly
samplas conlenl cenlaal
(%] %) |daltany %) lepa)
L bt n.zz ki) 430298 in 270
Flgure 1 Schematic diagram of the UASE reactor system with two
Mas5 116 4.3 347888 279 3320
N ragctors runnlng in parallgl

Ha; 27 A . A1 ET

ul o2 oz 138010 : 0 1 inNuanl tank, 2 Chitasan sulution tank; 3,4 Influgnts, 5§

2 3 Fiecculatian

The focculation assay was performed usng the malhod modified
from ASTM D2035-80 (2002] The inivel sludge sutpension (500 mL)
was transferred Inlo a 800 ml-beaker and chitosan stock solution
was then added a! lthe concentralion of 0-45 mg chitosand g oven
dried {od ) sludge (or equivalent to g suspandad sohds) Stinng ol
the suspension was continuad lor 1 min and pH of Ihe suspenson
was adusted to 5 6 or T with eithar 1% acelic aod of 3% sodum
carbonale depencing on lhe pH of chiosan added suspension After
conlnuous mixing at 120 rpm for 1 min and at 50 rpm for 20 min,
rospactively, |t was Bllowed to stamd at reom temparabura for 15 min
Was Ihe middle of the

and a supernatanl ihen pipetied from

supernator! partion. The ‘urbigily of soparnatan! was delermined

Sampling ports, T UASB-R1; & UASB-RZ; 9,10 EMluenty; 11,17 Bioges

gul; 13,14 Gasomators.
2.5 Wastewator fead for UASE system

The wastewaler feed was Irom the Malee Samwan lactory

{Makonpathom, Thailand] a  frull faciery, The man

cannng
componenis consislad ol sugars, while vanous ftiut dabng such as
rambutan, hychee pineapple, orange and guava weara removed by
static hydro-screening  The wastewater ccmpositon vaned wilh the
COD of 5130-5520 my 1", pH between %6 and onic sirength of
Qo2e-0036 M

presenied in Tab'e 2 Tre pH of the waslewater was adjusted Lo 6 5-

The man characienshcs of e wastowatat ara

7 G batore feading to the reacters
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Tanle 2. Maln characterlstics ol tha wastawatar frem tne canned fruit

Rsmimurn mamirnum valuss

Fatameler
C-'.mma:,sl ux;'ge-n derand T LoA30 5 520
0D myl )
olatue Fally acd 03183
ivEA my |
Suspendad solid (58 a b} 0E2-0BS
Volaule saspends:l schd LR DRER-
wEs gt
Tusbidity (N1U) 103-45
o [rn the hest day of callectior 4B

2 7 Acclimatizatlon, start-up, and oparation

A slugge suspension with an atal volatte  suspended sold
conguniralion of 12 xq V&5 m * was inoculaled nlo the reactors The
scclmanizaton of tho shodge was camed oul v sach reaclor uehil
COD removal was approzimately 80% The waslewater was {hon
recirculated in the reactor cweryday for @ week and ihe start-up
pernd was followsd by graduslly flowing waskowater at a heydrauiie
retenticn hme (HRT) of 85 h cotrasponding o an organic loading rafe
(OLHY of 1.45 kg COD m 0’ Critusan was auded to R2 at 2 mgig
suspended solds (BE mg fler of reactory on the second day and al 2
ma'g suspended solas (27 mg Aler of reactor) oe tha thify-seanth
oprraling doy Afee e COL removal of @ FeAcion wids greater than
B0% fnr at least 3 tmes the HRT, tha HRT of bulh reactors wao
furihar reducend 10 a slepwise tashlon, (e, 8% 65 45 and 33 hours
The reaclol perormiances wern Investigsied for 98 days The pH
valses of he waslowater were adjusted 1o 6 57 0 wih the addban of

sodduun carkdle
2.8 Analylical methods

Bamples form the seaclor nfuenl, samphng pors and efluent woere
colectnd panodcalty for analyses of COD, volatile laty acd (WFA]L
sunpended  sovds (85) WSS and pH o by Slandard  Methods
(Greenberg ef al 1880) The shidge particies ware taken from each
samplirg part 1o eslmata the size disinbulon by a laser particke si78
analysis sysler [Mastersizer 2000, Malvam Ingtrumants Lt , Ureted
K.rgdom) The amount of generatid biogas was recorded using [kguid

sisplacement guscmelers
3. Resulis

3.1 Effect of degres of deacetylation, pH, ionmie strength on

flacculation
Helh rhtosan k86 (0T - 8L70) and MT0O DD - TO0%) wers ahle 1o
enmance e flocoulalion o sludge al pH 7 Approximately %

flocr lalan was SPLINes when o'y smal arounrs of culusan Mis
were agned b lne Systen: (4 Mg chilisan par g nuspended sehds)

wiherens Moeeuate n owthoensy of chicsan MT0 was apprexmralely

BO% at the samna chilosan concantralion (P<C 030 The mismuin
Paccutahion fup 16 5% of both types of chitosan was achieved after
applying a chilgsan concentraton of 4 mgfg suspended sobds Lo he
syslem Bassd on lhe maxmum flecculation, chiosan with L0 of

eiher 7G oe A5% did nol show a significan differenca (P20 05)

High (0.4 M} end 1ow (001 M) iome strength were used o represent
the wrnic strength of Sludge adjusting wih sodium chionde and with
dasrzed water respecively At pH 7, the pattein of floccutalon
using ehtosan M70 v the sludge suspenswn conlainirg high 1onic
strengt was sammar ko thal contammd low o strength, as shown In
Figura 2. tn contrast, at pH 5 and low wonic strength, the flocculabion
ragigns whern ha foccutabon  value was above 85% becane
narrower, and rastabiization occurrad after adding 20 mg chiosan! g
suspended sohds lomc strength had a more or Iess similar Bffect on
Ihe flacculation of M85, as shown n Figure 3. In an acidic condition
wilh low 1anic strength, the fioccnlation dropped drastically to 45%, as
shown in Fgures 2 and 3. However, the restabiizalion was lass
pramunerd al high ionic strength al the same pH. For nslance, at the
highest chitosan concenlration appiled in this experiment (45 moig
suspeided sohds), percent fiocculabon incréassd from approximately
45% 1o approximately B0% lor bolh chilosan M70 and M85, as konc

strangth increased o 01 M

1og e

9% .

g w7
T o
ER | 4 ——pH ! low tonis yrength
)
= L
AR —— H & low i frengrh
g a0
2 an —  pH T luw ome siength
3o B aH S hyh
H .- B sl 1onse sliength
Eoseg e v
5y ! + - pH 6 bigh e strémgth
3
S pHThuhone srengh .
6 4 19 1% W 25 w1 0w A

chitaann conceniramen (my'g o d dudgr)

Flgurm 2 Flocculation z3 & functlan of chitsan MT8 cancaniration in

sludge auspansion at giflerent pH and lonic atrangth,

iDO|— - o .
. - T T -
i ¥ # e
W
T m
H o |* —a=— pl4 8 Jow on steen ik
% 0 —a— pH 6 hw wmic strength
o
g RS & - pH 7 e wme siTength
g !
g b ®»  pH b hgh wnic ttrength
hb
E w@ & piLé hgh kmu strenyth
a5t 4 pH T hgh e strengih
an k- —— R . e e = -
n 5 4] (A1 20 25 w 15 40 %

LIntasar concetnrannn (mp'p ud shiduel

Figure 3 Flocculation a3 a funchon of chitoaan MBS concendralion I

sludge suspansion at differant pH and lonic stranglh




Eval of chitosan char for floce of anasrobie sludge and enhance. of UASE perform

Fhalakornkule et al

113

3.2 Erfect of molecular walght of chutesan on flocculauon

Tu sluety the affect of molocular weight of chitosan on tlacculalon, Lhe
deacelylatron of chitassn samples was controlied al 83 1 2% Two
levels of molecular weight (348 = 10s and 138 » 1w’ dalton) wore
wsgd in v sludy and hamed chiosan MB5 and HBZ, respectively.
Figure 4 incicates porcent flocculaticn as a funchon of chilosan M8S
ard HB2 concentrabwn in sludge suspension al vanous pH values
ant tgh oet; siranglh Chitosan MBS was 1thi betler flocculant lor al
pH walues Another unportant nole 13 thal B50% floccuiaton by

chitnsan HAY occurred over 8 very narrow ranga 1or all pH values

S

LW,
9 == = -t
. e
g L :
g T r
I A5 —s—TamIupHS R e
3 .
é ol g —— MBS nptlE . M
5 au - a4 - MRSwpH T ¥ . oa
E 3 -m o HETwegli}
Hl v HBlarpH4 I
13 « HEZupHT ‘
[ - - - |
o 3 10 15 o 15 ki3 B3 A0 15
chaosan conventradion {mp'g o d =ludge)
Flgurs 4 Parconl B Fall as afi len of chlit WES and HE2

concentration In sludge suspension at varlous pH valuea with lenlc

strangin ol 0 1 M_

1.3 Organic loading rats and COD romoval sfficlency of UASBE

aparation

The reaclor was started with an HRT of 85 h {organic loading rate,
OLR = 1.45 kg COD m-’d ‘}. Alter COD removal was constant agaln
at 80 %, the HRT was further reduced in 2 slepwise fashion 4., 85,
&3, and 45, Throughoul the operaling precess. the COD of the
influant varied batwean 5.130-5,520 mg r', while the OLR vaiues
ranged between 1.45-379 kg COD m'a' dunng Ihe 98 operabing
days, as shown in Figure 5 From lhe flrst to the lasl day reported in
this sludy, the GOD etfluant of R2 was 9-59% lowar (Figure ), white
the removal efficlency was 4-10% higher than thal of RY (Figura 7]

e
B
v
s

Figura 5 Organlc luading rats and hydraulic retention tima agalnst ime,

Flgure 7 COD removal afficiency againet ime,
3.4 VFA and biagas production of UASE

VFA and bogas productlon Jqunng the 989 gperaling days are shown
In Figures 8 and 3, respoclivoly WFA from R2 was continualisly [Gwer
than that of R1, The lower ¥FA valuas currespoaded to ligher biogas
preducticn as b 15 well known that VFA 15 an inlermediate tor
malhane produchon dunng methanogenasis (Danels, 1584) Figure &
llusitates that miogas produchion of R2 conlinuously increased 1o M)
liters por day, whila thai of R1 to 13 liters par day duning the perod of
study Based on the wwrrenl pnces of chitosan and Bunker © Tuel ol
{520/kg and $0 25Mitar, respeciively) and the heating values of tvogas
and Bunker C fuel ol {24 mum’ and 40 M.Jliter, rospectively), the
more biagas produced could compansale well for the cost of chitosan

added to the syslem

1

o

gura & VFA Influant and aMfluent agalnst uma.
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Flgure 3 Bingas production aganst lime

15 Biomess washoul and averaga particle slze

fuamass washout or W3S at lhe reacior ellluent 15 shown in Figure
1D Buwrass washout increased In the eatly operation days and than
started 1o detreasc after 35 days, prosumably due to the prograss of
Ine granulation process Tinmass washout of R2 was conbiouQusly
lower Iban thal ol R1 [16:68% lawor bionass washodt)  After an
days of operaton, small granules became wisible 2l each reaclor
botlum  Thoy wesn laken for analysis of granule stze. Figure 11
yresents (he average parlicle slze on Uay 36, 6 ard 90 R2 was
found to conslarty have higher average parlic’e sizes, whch was in

agreement wih s kewer iomass washoutl.

-
LT T e — 1,
- A e v
e . - “
-1
4 I . A “
L a “_ Y
i i - e e
b . - R
i ' P ~ S =
’ . . . St
E " . - = -
v , PNV
[

Figure 10 Washout of blomass or V55 at the alflusnl against tme

LRl mpRl

Flgura 11 Avarage partiche slze at Day 30, 60, and 50

4. CONCLUSION

Motcalotrom ahiiency of cratosan wias sensibsee 18 405 charactenshcs
ang pH o oaed wnmie strength of e envircnment AN NCredsa m
aeacetylabon fom 70l d5% led oA Fwo-tio reauchicn 1 chifosan
roncenimlion ecessdry 100 90% doczuletor at pH 7oA pH 5 and
Iy aric sbengih o a dramale docredse n Dereent Ngcoulahcn
wialng restaml 2ahonow L olsenod s Che ol osrtane Lharges

b ieie reeered The Torsulabon raqine st wety nartcw A e

condilon  However, he increase inowome siength to 01 M rolped
reduce restabization and broaden tee  floceuabkon ranges. An
neraase m molecular weight of ehilosan was not a fawarable lactor r
this systam Ihe etfact of chitasan with & degree of deacetylation of
§5% and a molecutar waight ol 2_5:1[1(.1s dalton an the performance of
a UASH reactor was nvesbgated Compared io other studies, only
smalt smounts of chitosan weee applied (wo snjections with 3 mg
chilosan/g suspended sods at each Injaction). Throughout the course
of the expenment Bnd In comparison with tha UASE withoul chriosdn
adcition. the UASB with chitosan addiion hag a 9:59% lower etflent
COD, 4-10% Hhgher COD removal, up to 35% highar biogas
production rate, 16-58% lower blomass washout and 24-37% larger
granuls mze The more biogas could then compensata more for fuel
all, and based on I\he current prices of chilozan and Bunker & fuel o,
the more blogas produced could compensate well for the cos! of

chitosan added to the system
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