UNAALD

v
A

lasamIpi ﬁi’mqﬂiza\ﬁ,ﬁaﬁ'@umi:uuLﬁamammmuﬁﬂumsﬂ%ﬂﬂ;aqmmwﬁwﬁaﬁmm

Fafuh wasinfenanihtaduises Tasdnmdnswauazanzmslalaslamniindniideaussaus uas
ﬂs:%w%mw'ﬂaai:ummﬁaﬁﬂmmmqmaovxln’éo u,a:é'@mnﬁl,ﬁ@wnﬁael,wg@Lﬁﬂﬂi@ﬁ:é’ﬂé’ﬂ@ﬁ
Aaartuitanazane g vasmidsuamwihfindusifansahdeufises  lagduiiumsanenluszau
ﬁaoﬂﬁﬂ'ﬁmiﬁaymﬂﬁwmﬁaaaszuu5amwﬂmm°ﬁl‘uﬁﬁ°q@L’E‘]amtawianmaLﬁulﬂawﬁaagiuﬁaﬂﬁﬁ%mw
flawannuadszinm 60 &as wﬁ”awgmiwmmﬂé’mmwaa"g@LﬁaﬂiaaLﬁalﬁmmﬁuﬂaﬂn&ﬁuﬁa
niawmzlﬁmzuumaaLﬁammw&'ﬂﬁﬁnm (critical flux) ynsesinfawanena i uasihfienas
thaudr  TugnefidmsdusnwusslilSuanndisassisaznon 3 wiia  Ae inAevaunEn
(FeCly), agiilliuudaing #Wia 81370 (Al(SO,);. 16H,0 fenPmanzauuazaNIeAIEY 50%  was
/QAATU e druiuTudriensdniUinfamasiney  Usslunalszinsmwmsyusaminglon
anandsmaianziguwluudazganasey LAENAROLANTIAU YIS UL INTatinlon
wuudatfias LﬁammmmL%’amﬂﬁﬂmaﬁﬂugﬂﬂumm dTMP/dt fidWandesdi lagidoniduszuusdae
mWéTﬂSEﬁfgmjﬁu,a:@‘iﬁﬂ?hmwé‘ﬂﬁfﬁﬂqm 50% lagldfimaduanmeanazldid@uansysvann @uasdsu
gmuwienanzsalagliduomea  usslidunsdmsuinduasldi@ueimea  wWisuifisutuiiiane
dutndudmoiinanzaruuasldnadneimea  Madmeseumsansausszuuy wwudaiianie
nsesintlan lueamsuwansesuszasasmefidudunuasilssnaunanivhazwulwir faduuazinfa
WAt UALE?

HamIAnE wudl  mrezaoieinasalid  ssazaeasiy uazasszmuegiiilouasald
Wlsdninmlumaddannuguldte 9 4-97 % luamzidganuamunsnsadSinmdlng
absorbance 7 254 nm wazdSanmansBunidorumalugduensadaiin lﬁagluizﬁuﬁwﬂajmmm
@3797a e ﬂ’%mmﬁmm:awlummﬂmmw&r?aiusl,m{'lﬁaauﬁm@i’m'jw 5 NTU fa 20 mg/L, 50 mg/L Laz
3 mg/lL anwdey dmsunsaiilenfidwifenasingay 1w misuamweasimANTuEUSIm 500
mg/L JulSanmfvanzay fa aaen absorbance i 254 nm ﬂ'%mmm‘s'ﬁm’%ﬂ‘ﬁmmﬁlugﬂﬂuaam@%a
in ldgandn 50% Tagfn B O D ; finundadslwihfisnasiniag agluizﬁuﬁwu‘lﬂ
NTATINY IS

HanInasasmaaNSInge wui awsndingaluanenImsdiuanweisassinznan

A o

v s €A a' J a & o o L7 a €A n‘ !
fwarhlddWandingaiadn asazaswasinasa lidddnanwlumalddmandingadugaduun
; s - L e . . . L o ¥
figatla 2-3 wihea KazeIMadNaIMaTRUMILSUsN B IETIaznew bidginadamainduses
' o ea A A A o A £ o ' ¥ a a a e o a A A
dandinge  lwaiillandanmaduemagaauludiainainfiduidioanwediolndiegdifioy

& A A ' a & o ea o A ' A ' o '
ane AN InaGIuIndanaANIudNangIngaluszauni  wazwuin lilanuuandrsnuuasan
o ea { A & @ s & o o Y . “ o E XA a \ )
sndingafaluIInNan LU winfimasiniay dsdwnudud Niblannsaniiuiugmnw
#NanaInTad wuin milﬁummuﬁ'mﬁuﬁmmsna@ﬂ%mmm‘s'ﬁuﬂ%ﬁﬁisumﬁlugﬂﬂmﬁaﬁnluﬁaaai’m
launningniien baildw I@Uﬁms@m‘%ﬁﬁismﬁlugﬂm@%aﬁﬂmﬁaﬁwﬂuﬁ,’]Lwaﬁl,amswj’m 0.5-1.7

mg/L T9aaninsauas 80



mmL%?;"uaamil,ﬁ@maéolugﬂﬂuam’w dTMP/dt amiznsasuuudaiias Wi sav15wesmaianh
Y89 0.035 mbar/sec Lfiama\nfﬂﬁaﬁuﬁﬁwﬂﬁn%goﬂiwﬁﬁnqm 50% (48 L/h/m’) ﬁ'fiaﬁmgmmﬂndw
11 1¥11 Lﬂ%ﬂmﬁmJﬁ'fuLﬁ'aﬂiaaﬁ'gaﬂﬁaﬁ@iﬁw&'ﬂ%@‘i”mdwﬁﬁnqm 50% (16 L/h/m’) HauasnsauiWe3naas
"Lmﬂmfﬁaﬁuﬁﬁwﬂﬁnsﬁaia Ao 106 uaz 55 Lh/m" wuin sasusamaiennddienlduandranu de
Uszanm 0.008 mbarisec F9drninluanzilidumeinaaelsdszinm 4 whda  dwiueaetainfi
nastuay Lﬁamawimﬁaaﬁwﬁneﬁgan'jmﬁnqm (12 LUh/m)) wud seasndamsifiannis windu
0.0125 mbarisec wmfiiionsasfindnddninddngs @ Lhim’) iu sas15maiariasiindinin
Uszanm 3 Wihd @8 Wiy 0.004 mbar/sec UazHaTBINSLANNIEUINTRE WinAswaITnTaeriowns

' ' { o [ I a a ' { { . o 2
ﬂiaﬂﬂ&l']\‘l(ﬂﬂLﬁﬂx‘iﬁNﬂﬂ']lﬁﬂﬂi']lﬁ'&“ﬂﬂx‘iﬂ'ﬁLﬂ@]W']?ﬂﬁﬂﬂﬂx‘iﬂiﬁN?M 1.4 1 LﬁansaoﬁﬂWWaﬂsﬁ 12 L/h/m

PN © €0 i1 ia

ﬁ‘aﬁwlaiLﬁumwLL@m@mf’uaamé“@mL%V\mﬁ\nﬁam‘aaaﬂ'ﬂd@imﬁaonﬁwﬂaﬂ%@‘hmwmmqm

' { d o A da &£ & 3 '

mm;@maaumamaLﬁaoLﬁaszqmmqLLa:s:@mJaaWnaaﬁmwumnmumaum‘sﬂuamwiﬂUm

AMNEIUNIG (R) NTINgnauwmsssuaznenadnisans wud infadwliidueimeuss l@uwain
{ | o P A 2 ' o o 'Y v

ana lsdnWandganindninga 50% (48 Lihm’) Sdanuduniumendimissaaainitfasaz10o i

favlundazrunaawnissnsarsnainanslalaslowing T98197130804ar 190N IIRILULUENUNAU be

v @ v

MIBHAVBINMTFNAUFN WM I TNIagasnuaz lmasylaasanlodnaasinisniasdonudiznunsnanan

'
o

m’mﬁmmmwLmummﬁaagvlﬁtﬁﬂﬁaﬂ efiiauszuussdWanganiiinge 50% (16 Lhim?) &
myazau A LU UTHANUBEI L ansed Befanudunmuiistwineziiaannnsszay LAZQ
aﬂmﬂugmaaﬂuaomsﬁuw’%ﬁa:mmﬁw LLazmg‘omﬂﬂaaaamTamwiaLﬁad LRZWLT AA1ANUABEINIBLY
NLLIUYHENIDIA DY ) L'ﬁ'ugaﬁu FUEATISIYNGL 0,003 Palsec FNAMUFIUMWINLLTUALRLTWEN
anvlwaaainitasas 20-30 lagSaFunadtuaaueg g fnsURaTBIM IS uEMNENTaE
asnuazladolaatenlodmansnaadianudumuaiuunsnioay idiRoadnitas dunnasuuy
lasunsasuwnaule °um:ﬁmmmﬁmmumuLmuslu"gﬂmsvmaaaﬁwc’hauﬁ@ummwa’%ﬂﬂaa%@?
Vsnaimanzaulagldiduanmawssifinszuufidwandsnga (106 Lhim’) wudn Saranudiumuas
meﬁ'a’éuqﬂminsaoLﬁwﬁmﬁnﬁaﬁ wazfidnanastnaiiolasafumsaiietunandeg  feenany
sumuiioaseruanmnasssuaasliifuindnnasiosunuieunulidl Wefsuruaanudunis

WalUTHEzaanawlinIas

@hmmﬁmmmuuLmu'guq@]msﬂiaaﬁwﬁa%&aﬂwﬂmﬁuﬁaaaﬁLaui:uuﬁ@hgan'ﬁma:@‘i’wmw
fnandinga 50% "L&il,ammsgma@ﬁ'al,mz"lajl,aummﬂ WU RN U2 o 2.7-3.3 HNINLalL Y
grona uazddnanaaludraulszanmiasas 20-37 Wadsdmsimaitanalalaslewing uazaaasdnies
8z 6-18 Liladefaudunsanazany ugasidnmsaransasnnasuylismunsadunsuld  dwsunans
maaolw‘g@mimaaaﬁwﬁwé’aﬂﬂﬁ'ﬂﬁv’uﬁaaaﬁﬁ’lmﬂﬁudwuﬁ'wﬁmﬁmﬁﬂm 500 mg/L ldfimsiduane
LLa:Lamwuéﬁthé’n%goni'lLm:@‘i"m'j']ﬁﬁnqsl 50% WU Fi'lmmﬁmmumuLmul,ﬁ'aéuqﬂminiao
RNINANNEIUIUTBNLUTHEZENAL aL 2-4 i TasedsdamafianislalaslawSndusad
fanasduseuiduin - sunsTaIMIsNsgnIadasnuazasiaasnmInsasfoudaansaisan

wanvulimansndunavld lasdanudumuaaaniuidudndzanmiass: 0.8-31 neiiluganis



maaaﬁ“ﬁ‘u@aumiﬁwﬁ‘mmmminﬂuamwmmumm‘l@i’aﬂ'waugmi Tinusnfsandraiiasanmidu

- L e e ed - - Y 2 Lo e
wamﬂmimwmmunwu@i‘ﬁmmmgﬂmmsa:mmauﬂ’%aﬂummﬁmLﬂumm@;maownaumuvlwuﬂau
LLﬂdwa:Lﬁui:uumadﬁmgdﬂ'jﬁmw&'ﬂﬁfﬁnqmﬁmw

NAMIANBUNINAROURNIIOULMILAUIZULULLLABLTEI: N3 Model suspension (8138ANE
niadiln asuriuseaymawninlud asuwiusesrItwiNTud  uazanInFNReITHa) WUl 6
0071 T1aIMUAANINES (dTMP/dE) §98@ WansasasazangnIadiinanuidudu 10 mg/l He 1.12

o & A

mbar/s Liansasfidwandasnia 30 Uhm’ uazlifimaduaime %@Lﬂumﬁqaﬂ'j']ﬂszmm 10 ey
fufsanSmnasiifedwidansasnsadiinanududn 5 mg/L LLasmimaomiLLmuaaﬂmg‘,mﬂ'ﬁ'
mwLﬁuﬁu;‘qwaaLquﬂvluﬁLLa:mmuﬁuﬁu@T WU LA WU 89T 09FN A T USRI WL TR NT W
atsdaflandunwansusduass LLa:mé‘mm%amnﬁ@ﬂnﬁoggﬁul,ﬁamwmﬁwﬁumaam&mﬂmmz
nsedudn LLa:m‘swaumia:mUﬂi@%’;ﬁﬂ%aﬁmm@luLaqaLﬁﬂs'mﬁ'umil,l,muaaﬂmgn'mLquﬂ"LmT/m

AUNUNUA Yinliaa Fimaiannfsgenitiianiasmsuiusesiiessialdsn

Namiﬁnmmm@; ﬂavl,nmiq@ﬁu waztssRnTamnmIsnaNeNugn wiiansas: nIdh  Model
suspension (f38xMENIATINN MUV IMABLAUNALUIN UG aIuvIURasHITIUANTUG uazaINE
a d' wa A i a a d' a 1 d‘ dl ' s 6 d‘ &
}09T%A) TIEITMITWABINUAMINAFEUNIAUITULNTBILUL B e meaﬂmmwm‘Luqﬂmsmaaa
PpIURIAMLAL I AIRAITNTATUAFEY lagdifiwnisansidansassumaiia lalaslamdndsaununisls
- L4 o S da X B . . .
mualiriiansauazdiiiezyminauazszauvesnIfINiiale akanuasgddrnnudumuniend
= 2 o A o & ' [y v a o [ v & A a A A
LESARUMIR I NUTMNAIDTUADUA G LA a;ﬂ‘lmwﬂnamuuNuﬂauvlmﬂwnuwuaammonwuLua
ﬂiaammmuaamﬁmmaaamgmﬂLuuiﬂvl,mﬁm:mmuﬁ’uﬁuﬁ YULNTEALVBIAIAMNAIUN
mmﬁaﬁ’mlmwLmu"um:ﬁwg@miaaLﬁamaamsa:mynmﬁaﬁﬂ I  BINANITTHINIENTUVINRDL
1 Qs o s a a 1 1 U £ A g;
mgmmuﬂw‘luﬁ HatunNaiwd Nu nTeddn wud ddenudumuainiadigs TITUADWNNT
ﬁwmminﬂuaqu@Lummu"lﬁatmﬁﬂiz'ﬁn%mw fa mmwm”ﬁummwLmuq@ﬁwlﬂﬁlﬁmﬁa
> ' A ) Ada £ & ' A A & o '
WinnuWwalswazananawnsad Waldmsiedndgnsdudns fe ssazanslmdonlaasenlod wuuaasin

Wuwiaswuuiwnaylale



Abstract

The objective of this research work is to develop the immersed membrane for
improving reservoir surface water from Prince of Songkla University and for treating treated
wastewater. The influence of hydrodynamic conditions on the performance and its
efficiency were studied. The origin and rate of membrane fouling in ultrafiltration membrane
module studied were investigated in several conditions tested both with and without
chemical conditioning for reservoir surface water and treated wastewater. The experiments
were carried out on a lab-scale pilot where a hollow fiber bundle was directly immersed in
a 60 liter tank. The immersed membrane bundle was packed with polysulfone capillary
fibres with a pore size of 0.1 ym and a surface area of 0.1 m’. The aeration supply was
provided by a distributor placed under the membrane module. The generated bubbles
raised up throughout the fibre network and the suspension were also stirred by an impeller
to avoid any particle settling. Transmembrane pressure (TMP) was monitored by a
negative manometer sensor placed on the permeate pipe and connected with a computer
data logger. The critical filtration condition was identified by increasing the permeate flux
step by step, and measuring the associated TMP value obtained for each step filtering the
reservoir surface water and treated wastewater both with and without 3 types of chemical
conditioning ((FeCls), (Aly(SO,4);.16H,0, PACI and PAC) at the optimum dose observed.

The efficiency of chemical conditioning was evaluated by using different water quality
parameters in each test. In addition, the performance of membrane filtration was identified
by measuring the rate of fouling in terms of dTMP/dt when filtering at a flux constant (lower
than critical flux value 50% and higher than critical flux value 50%) without aeration and
chemical conditioning, without aeration and with chemical conditioning. The experiments of
feed model, bentonite, PAC and humic acid, in single and mixed suspension were also
filtered to test membrane performance during a continuous run. The results showed that
FeCls, Alx(S0O,);.16H,0 and PACI provided good efficiency to remove turbidity of about 94-
97% while color, absorbance and NOM removal were in the low range or non detectable.
To obtain a turbidity value lower than 5 NTU, the optimal dose determining to minimise
sludge production appeared at 20 mg/L of FeCl;, 50 mg/L of Al,(SO,);.16H,0 for reservoir
surface water and 3 mg/L of PACI 500 mg/L of PAC for treated wastewater, with an



absorbance of 254 nm and NOM removal of over 50%, and a very low BODs residue or
non detectable.

It can be observed that a critical flux value was maintained in the 30-35 I/m’/h
range whatever the air-flow rates. When reservoir surface water was conditioned by the
adding of different types of coagulants, the results clearly showed the positive effect of this
conditioning. The average permeability remained close to the obtained value when filtering
tap water, i.e. close to 200 I/m2/h/bar corresponding to an intensification of filtration by a
factor of 2 or even 3. Results also point out the benefits of using FeCl; to control fouling
evolution whatever the air-flow rates. The optimal dose determining the minimisation the
sludge production appeared very low: 20 mg/l in comparison with the values obtained with
Alum and PACI. Furthermore, the optimal 10 mg/l dose of FeCl; observed in the
membrane system appeared two times lower than the dose obtained in the Jar Test that
pointed out the role of membrane selectivity in comparison with gravitational settling. The
flocculation step appears also necessary. In addition, air injection did not actually modify
the intensification of permeate flux, illustrating results obtained with FeCl; conditioning but it
was effective when coupling with PACI. The critical flux value did not show any difference
in increase when PAC conditioning was done in treated wastewater. However, the content
of humic acid in the permeate of treated wastewater with PAC decreased more than in the
condition without PAC, the residual humic acid was about 0.5-1.7 mg/L of that
corresponding to 80% removal rate.

The rate of fouling during continuous filtration can be explained in terms of dTMP/dt.
For filtering reservoir surface water at 50% higher than the critical flux value (48 L/h/mz),
the dTMP/dt value was about 0.035 mbar/sec, which was 11 times higher than when
filtering was operated at 50% lower than the critical flux value (16 L/h/mz). The benefit of
adding FeCl; showed that there were no different values of dTMP/dt when filtering at higher
or lower critical flux values (106 and 55 L/h/m2) and it was very small amount at 0.008
mbar/sec. This value was 4 times lower than the condition of feed without FeCl;. In the
case of treated wastewater, the fouling rate was about 0.0125 mbar/sec when filtering at
50% higher than the critical flux value (12 L/h/mz) while filtering at 50% lower than the
critical flux value (4 L/h/mz) induced the dTMP/dt at about 0.004 mbar/sec. The addition of
PAC in treated wastewater reduced the dTMP/dt to a factor of 1.4 when filtering was done
at 12 L/h/m2 and it did not show any difference in the fouling rate achieve even when

operating at 50% lower than the critical flux value.



The experiments of filtration in continuous mode, which quantified the cause and
degree of fouling which occurred, used specific membrane cleaning procedures. The
residual membrane resistance value (R) before and after cleaning showed that the
hydrodynamic steps including air turbulence, rinsing with water and water backwashing
reduced 10% of resistance values for each step more than when finished the filtration of
reservoir surface water was without FeCl; at 50% higher than the critical flux value (48
L/h/m2). This technique decreased reversible fouling from particle deposition while chemical
cleaning with citric acid and caustic solution could reduce the small amount of resistance
remaining in the membrane. During filtration at 50% lower than the critical flux value (16
L/h/m2) cake deposition occurred increasing resistance due to particle retention on the
membrane surface. Soluble organic matter and colloids adsorbed inside the pores. These
effects induce the increasing of Tran membrane membrane pressure (TMP) with 0.003
Pa/sec. The resistance value decreased to around 20-30% when the cleaning steps
finished. It was found that using citric acid and caustic solution reduced only a small
amount of the remaining resistance value, which was irreversible fouling. The resistance
value in the condition without aeration and at critical flux value (106 L/h/m2) showed that
the R values appeared to be a very small part, increasing after filtration or the same as
resistance before filtration. After filtration, treated wastewater at 50% higher or lower than
the critical flux value without PAC and aeration, was found to have increased resistance
values of between 2.7-3.3 times compared with the clean membrane. These values were
reduced in series, 20-37%, when using the hydrodynamic technique. In addition, chemical
backwashing allowed a reduction of 6-18% of the resistance value. This indicated the
remains of irreversible fouling in this filtration tested. For the condition with PAC 500 mg/L
and without aeration at 50% lower than the critical flux value, it was found that the R was
increased nearly 2-4 times the clean membrane. The effect of the hydrodynamic technique
showed a good method of reducing the R values in series while citric acid and caustic
solution backwashing could regenerate nearly 100% of membrane permeability due to PAC
conditioning. This performed well to remove soluble organic matter causing irreversible

fouling although the system operated under super-critical flux.



The results obtained when filtering single and mixed suspension of model
suspensions (humic acid solution, bentonite suspension, PAC suspension) showed that the
fouling rate (dTMP/dt) was a maximum of about 1.12 mbar/s when the filtration was of a
single humic solution of 10 mg/L at a constant flux 30 L/h/m2 and without aeration. This
fouling rate value was 10 times higher than the value obtained when filtering a humic acid
solution at 5 mg/L. The evolution of filtration for bentonite suspension and PAC suspension
demonstrated that the TMP values increased with time then a linear relation occurred. The
fouling rate appeared directly proportional to suspended particle concentration when
filtration was carried out without conditioning. The mixing of humic acid with the suspension
of bentonite induced the rate of fouling to increase more when working with single
suspensions. The fouling origin and its mechanism were investigated by specific cleaning
procedures in the same way as the filtration of feed suspension mentioned above. The flux
constant was operated and the hydrodynamic/chemical cleaning was carried out to identify
the origin and level of membrane fouling. The reduction of fouling was presented in terms
of the remaining resistance value (R) after each cleaning approach. The resistance values
were summarized in table 4-22. They showed that major type of fouling is reversible fouling
when filtering a single suspension of bentonite and PAC. The resistance values remained
quite high in the membrane module during cleaning when filtering a single humic solution or
a mixed suspension of bentonite/PAC with humic acid. This remaining resistance value
could regenerate almost completely. The final resistance value was still close to the
obtained value in the clean membrane when cleaned with a caustic solution. This indicated

that there was irreversible fouling.



