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# # 5172536423 : MAJOR CHEMICAL TECHNOLOGY

KEYWORDS : CONTINUOUS FROTH FLOTATION / PACKING MEDIA / CUTTING

OIL REMOVAL / FOAM CHARACTERISTIC / AIR BUBBLE
APICHAYA BUNTURNGPRATOOMRAT: CUTTING OIL REMOVAL BY
CONTINUOUS FROTH FLOTATION WITH PACKING MEDIA UNDER LOW
INTERFACIAL TENSION CONDITION. THESIS ADVISOR: ASST.PROF.
SUCHAYA NITIVATTANANON, Ph.D., THESIS CO-ADVISOR: ASSOC. PROF.
SUMAETH CHAVADEJ, Ph.D., 84 pp.

Froth flotation is an effective process for oil removal from wastewater
especially at low oil concentrations. The aim of this research was to apply a packing
media in a froth flotation column for oily wastewater treatment and to investigate the
relationship between interfacial tension (IFT), foam characteristics and the efficiency
of cutting oil removal from water in a continuous froth flotation operation. The effects
of operational parameters including height of packing media, salinity, air flow rate,
and hydraulic retention time (HRT) on the cutting oil removal were investigated. In
this research, a sodium dodecy! sulfate (SDS) concentration of 0.1 % by weight
which provided the highest cutting oil removal was used as the base operation
condition. The froth flotation column without packing media gave oil removal of 88.10
% and the oil removal increased to 98.10 % and then declined to 90.60 % with 50%
and 100% packing media, respectively. The optimal operational condition was found
at 50% packing media, 6 % by weight NaCl, 500 ppm oil content, 200 ml/min air flow
rate, and 60 minutes HRT. The presence of packing media in the froth flotation
column simply retains the air bubbles in the column, leading to a higher mass
transfer rate. However, if it was too high fraction of packing media, it reduces the
effective liquid holding volume in the column, resulting in the reduction of oil removal

efficiency.
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Ty
aal o o

n3aaanglunistinianideniungu Tnadnansaiasluin@aie lieyniaresindugn
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o ' { o RXRX~—a o o 1 P 1 dsj a [ !
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(Hydrophobic) fauanslugiln 2.1
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9171 2.1 dontlszneunediiianassanusIFeiEa (Withayapanyanon, 2003)
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2. AN7ARUIIANRNszqLqn (Cationic surfactant) Aa @13AALINANHANHAIWIRLTYW

dszquan iuanslsznevaasatenmenisuanluiien (Quaternary ammonium, R,'NCI)

.
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AnranLINANRAlunLINg Aty lunszuaunguen |u nsianuuunes (Flotation)
=

@ add o Ay qy o = @
Fadudsniraulafiasannidunszuaunisi lddasldnasanuunn wasinasainiAeman

o o

dusananslunisuan WasainiAsnuanannmantazdaeianuiiadudaluniscnalay
annanielddednianiialdadneganiia draguaniflunisse v nuansaiuly
TuanaansanussisiarinliansanusamstingnapduasLuiadndassudnedgniai lia sy

FadnIsuentnNIE e AL (Sebba, 1989)



2.3 lulasanatu

a o o

aatuiueyninaundnIeseuratTiinuInNutouaesat uuamaTiaNae4

v v v 1 v
Ingraginaniedastnailiazaneadluiiamenii (Rosen, 2004) i liuadmaniaaadidn

I a

IFaeinnaiinansaiinnanndeFandnansaslad wae (Emulsifying) i ldluszuy ansnld

ﬁﬁ

1
o o o 1

AwinldAeansanusssaiin Bladuaiunsauilifiiuaustinnuauinsesayniainszans
fin T

o o

- uulpa8dadu (Macroemulsion) Huwnaluninan 400 wlulums

v A

Tulasasdadu Jauiaanngn 100 W luumg

- w1 luadadu (Nanoemulsion) Hau1m 100-400 wNlLNAT

Anrsasunanalulnrddadunsausnluil 1943 Iae Hoar way  Schulman lulas

o o

a [ o o -aid ! A ! dl a
adaduiuninszanasaaesraaanss seuuntaullsauasviraldsslagzanaainnisuan

o o

AUBIUNTUA LN IINTNA AR LIARINNU92q (Hoar Uaz Schulman, 1943) Tulasdsiadi

'
a A o

v v ! ¥ v v
AR N19N3TAEFR9e4 11 Bsiui limuduilenaaiuun sauisansanussiongadue

el®_

vuiadudaszudnedgniaiass Inunszanamagetnaanasnng lussuy
2 o o | o a P 1 | d” = o a
Tulnsgdadudunisnszanesinreseeanaisessiiai limuiuilanaaiuinaiin

o a9

v 1
AINNITHANTRIUAINIAR DAY mummm@ummmmmﬁmmwmmL@umu

1 [
= [ % o o

ARINANTWIA 10-100 WILKAS (0.01-0.1 TuTasims) lulpsdladudvianiludnwme tnsiu
agluun (O/W) traglutiniiu (W/0) visevivassdnenie (Rosen, 2004) Anmnsciitnaglu
90J % o dl 1 [~ dy al o d} = 1 %’/ %

Psfulunisnszanadivasraauanii ldsauiiluiamaafuansazaie@a@anintingy (O)
luwldgnsazans (W) Tunsaiivingduduwasias (Discontinuous or inner phase) @13azaNe!
luanadn (Continuous or outer phase) linsaiinlutinsiazidunisnszanafiarea1inmze

ansazany (W) Tuaasmaai ldsaniiluiiaimaniu (0) Asuanslugl 2.5



10
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(Rosen, 1989)
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717 2.6 uudaesunanamalulasgdadu (Winsor, 1968)
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'«—— 3-phaseregion —! }

Type Il )

Interfacial
tension (g))

Increasing temperature (for POE nonionics)
Increasing salinity (for ionics)

v
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M liuseeinszndnedgninesiAvindulAdes linanaduuwimieiiaenldlunis

WU ILANENINTRITZLLNNTENUULNES (Bourrel, 1988, Scamehorn, 2000)
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2.4 nmsnaninanasaas (Froth flotation)

nszURUNTsuENAnan1sliaas (Flotation) lunszununistintinun@anieynia

=y ST o § v a 5 o A .
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ueinaanledly 2 dAnsoly Ae

1. naneninanesasafqaenisinennid (Induced Air Flotation, IAF) lunasialn
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o 1 oI/ =&
n3vanefia binn

2. nsueninenesantsaenisemaNIA (Dissolved Air Flotation, DAF) 11uag L4
ANNALEILTENN 4-6 UssenIA e IfanAazana lutnls 4-6 winresnazans lén
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paslinalulagiganenliinanuaunseants nisuenineasassfaanisgnainid d 2

A dld al dl 1l al d’jo/ al
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aanaaiunisanAufiuastn finlienianazansetlutiingeeanuniunasainie
PNALANUAZINZAUDUNANFBINITUENEBNHT LN THAYINTINAUNIZIBID LN AR AAIAL
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Wnaz a1 AANNLANAN TR ANTRIE IR AN A8 LA LA AN TN ABIN IS

R A R o o o o =
LLEIN ZQ"I?@@LL?\Tm\?NQQQNUV]U’]VI@Wﬂﬁyiuﬂ?:ﬁuquﬂq? (Scamehorn, 1989) NMUUINAALLTIBN
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o
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Wasanialsdeau nannisinauaesnisuaninanesaeaanifeglin 2.8 nsusnlnavas

aael Usznassae

1 o

1. 131904n"1314A (Recovery zone) WasaniAngnilauainftuaniufanszans
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HdaduneseInie asisesnisuanazunsnsineg szudnaiaduiaresiniueiniAaInti
AzantAugaauinlyl

2. UBniiiaN19aansa (Froth zone) WedBINIARENIBUNIATIEBINITUENTUNA

ANBBUNMsIdALazaRER TN TILE R Tesansazata iU lnaeenn i LY
gaspaduifaaamaniuazuannaneifluaesimaastel] (Pal way Masliyah, 1990) Wasd
1mmﬂmﬂixﬂﬂué’fmm§mmmmmmLmﬁqﬁqmemiﬁré’fmﬂmm an7azaNETivaEe
WIAHIUNNTUANAL IR BNNNAIUA N TBIABANIT gﬂ‘ﬁl 2.9 uanensrdatntilagnisugn
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5 e = oy .8 - A A 8 e o =
wduiarnesanNIANAMNUILiLesnd1tn (andutiduusriandusindumiing a9

ARLTUAANULY WAIBINIANNIUIALANAZAINITDAUTLNEALNTUAUNALANF2UN BIBIN A

a

%
1 v o o

o Ao X o | & X A
°l|u']ﬁluquq‘UﬂU'ﬂﬂﬂu’]llumumu’]ﬁlﬁfymuﬁqgLsﬁuﬂu NIRNDIDINIAYUIALANASHNUN
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RqlunisinizunnndudamauiuesainiAaun e lun ALIUIALAYNNINIZ AT

= o dl 1 1 a a d’l
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=

waneseInIAa TuABANIIWLIY (Residence time of gas bubble) azvinlinesanal
UszAnsn nluni9duila (Contact efficiency) funaannsiuldnndtuazfFuinmindungn

I§ARANANNTTULANINNIT T9arnilftinfeunistininaanudaanulaninau (Moosai et

al., 2003)



317 2.8 PadinszusuNsuanTaaasaas (Pal way Masliyah, 1989)

Foam Lamellae

% Molecular
Dispersed

Qil

|~ Air Bubble

Qil Droplet ( :

~ o 8 o Y
gﬂ‘V] 2.9 NMsraatsduaananiiAanisuanlaawasans

(Wungrattanasopon, 1995)
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2.5 ngLnanag (Foam formation)

Washan1TnIzainresuiavTenasaIniAlugesnad TevlaseiniAazgnielx
¥ i// NS a 49{ 1 o Y Y =] a ¥
Aot U ANT29789MAa N1sinanesarduegiuANIdNduLe9aNTanAuIaRAale d1Au
¥ 9 =2 a o | a o 19 o
dinduresansanusamananluanaaves luglaassinanssanasneg ludnwsassneue
waf widnanudinduresasanussssiagedsAmudnduingaluaad Wesainiaas
Naldatesaniuanasasinlugllumad g7 2.10 uansnafianesluasazaanians

KX a
NALLIIFINNA

717 2.10 naifianas (Rosen, 1989)
2.6 ANlinUaINa9 (Foam characteristics)

antinaasnedlupaaniillsznasaae 2 Ansae

1. ANLEDETIR9Ned (Foam stability) Ae AMNAINUAENITBANTaInes Neely
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u
1
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|
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HUTIHANNAIUND ﬂ')’ﬁJLZQE]ﬂ?ﬂﬁWﬂﬂﬁWﬂﬂﬂﬂﬂluﬂﬂﬂUﬁ@@ﬂﬂ‘LA°”| | e ldnnasaaslan

u

(Gravity force) N1999uFMT89WAY (Coalescence)  WATAINNEAUEWAIBINURY (Surface

elasticity) Wl
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[ %

2. ANANNTa kNN ANee (Foamability) Ag AnehnaiRndng ARlEF Tadaiil

naseANNANN1T0 N T anad LA LeRIRY ANUie (Viscosity) Fw

2.7 AAINANUFT]

1
| =

fanansussq luaniifandszasflunisldifierinlfulanazaesinanly
nszuauNIsueninadndaiuninaulusnzifaoiuazneaiuinlianufuanszngng
fananafatesiign aedinisldfanansussylunszuaunidig 7 LU NITUIUNIINAY
(Distillation) N139A%H (Absorption) tasufiaazlnannuiautinaessianatsussangullsoe

dl 1 o v a 1 dd? dl = ) o 90J al o L4
wa3mani lnatlnaguagnnliiianisonaleusaanauielunstiaainisindntindsazyin i
QI A o 1 6V % 49{ nl/ Y leld = 174
avandugnadneanuieglunania (Wesanie) laninautuies fAqengiasiinasld
fonanqussqinawmuinisuenlunandu dahaessianatsussq Ae nliiiaauduan
nelunendutas avmuiziunisldluenaugoyoinia (0Vacuum  distilation  columns)
fonanussqdaulungdnvinannasdn wanasn Tave aeldasaninlunisldnuansinaiu
ANANBENILEY AUl N1FRARNNAUAN NUNRITHAET99Mas (Wetted  surface) LAz
ANNFNUNIUNNEAANTAU (Corrosion resistance) g1l319aa3siananaussqinliinainuaie
gtluin 1 Ring shap, Berl saddle, Pall ring uaz Tellerettes tusiu (1Alley, 2006) gidn4
= ]
X

dl ] o o vdd‘f a o o | 1 ' . ] [ d
NUANFANARNN IR N URdNTauaz AN U939 (Void space) ANNUTINHNARR

4

2FudannnninaslilssAnsninwangn (RNl

a

sz ANENINITLEIAINAINAINLTIANHNUR
vaaman lAduTatLLRaNInngn)
4 ave T X
naiaenlifinateussqlunszuiunistingasng o Iuesjiudneuraessnstuileu
Nuaouaanat luasazatuazanlszasfaaInisininasaza 8 AINane fananaussqil
nantszinniauusile (Stationary) wWazlULLAAAUN (Mobile) Wi nsenanuia Wusaun
(Fibrous bed) NINANWANARN YFBULILTN 11 AINAINLIIEIINN FINAWNLIIFWANARN

\{Jusiu (Cheremisinoff, 1993)
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2.7.1 1UAAINA1NLTI]

>4

AINAN9U55quLUTATIASI (Structure Packing)
2 o =< o o o a - A Ao \
Aa Fanavarinandaniiluasniin lane visawaasin anwoziuniugnyn

o a o o ZJ/ = o/ ] 1 o o dl v o |
‘LI’N'J'N[510L?ﬂﬂﬁ]%ﬂulul,l,u%ﬁl\‘iLL@tﬂ’]‘i‘L’iﬂﬂ[ﬂfﬂlﬂ\‘IQﬂWyﬂLL[ﬂ@ZLLN%@Z\]UﬂHL‘WﬂIVIN@ﬂEm&ﬂu

¥
a o/ o

1 o é’ dl 1 2 AQI A dl é’ a ?\j/ o
‘ﬂ‘ﬂﬂ?.lﬂ\'iﬁ\‘iNﬁsﬁﬁﬂ@ﬁiﬂﬂ@qﬂq?ﬂ1ﬁ@wquiﬂLL@%LWNWHWNQ’&NN‘&N’W]‘HH NITAAFNFINAIN

]
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ﬂmuum:mmxﬂumamumuLmumuﬂummwmm%ﬂm NUNRIANTANNNARIAN LA

a

% ¥
= =

nstneleustanInTuiiesainufianazaeaarduianiunndu wanantdnuousiiutdes
dJ = o ¥ = o Y o v aAy a A dld
Feinsdnanenisinatesasinlifionarauuuiasiainailiden Ae amnsnldluszuund
dm3n17 lnaresuiageuazdnsnsinaresaaanadin lé LRaLATIaANaNAUATY LAz

TilszANENInANIAINA NI UUUENuATTUIBINaNal (Trays) ANNAIAL (3McKetta,

1993)

U7 2.11 Freeinedananussquunlagead1s (4Stewart Uaz Arnold, 2008)
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ﬁqnmw'ﬁmmu@:u (Random Packing)
Aa fananvdsinandaniiumsdin wanadin vzalanzauetiuA NN ZANTDY
72U UsTnausaegLsasng < 1iu n3anaw (Ball) 21180 (Saddle) ATadumaL (Ring) kaY

= o V% 1 1 a o 173 g// da/ 1 1 =
NﬂﬁiWW%ﬁﬂ@ﬂLLUUIﬁgﬂﬁ"}QIF]'N ] TR L TP N PG A T T A PaC RIat! WQULLM@ZEH?W\?NM@’]T’]V@WE

a

SUULLILAZUANEIUNA 11 547939 (Rasching Ring) Waaaas (Pall Ring) 8Un1aan winLsa

1

(Intalox Saddle) waiawny (Tellerettes) usiu usiazgluuuidanuavde@aunnsiaiulyl

a o o 1

TneaAlszA9ANANU9IFINANLTIULLGN AD INNWWNRANTATTNINUAALAZ IBNAT
Fasin AR NANAALAYNIIYNIN TS TadAd AR d0A18IFINANLITUAN AD
a = o a 2] o P v a A =
windwalulagsasiuazarnisonanliing uazussqaslunadnillaing da1da A An1s
nszanafnvaanamienunninfatesdenauiufnawussquuLIAaie wazinay

AuanNg luARANY (6Kolev, 2006)

dl % ] 3 ] o/ o o) 3 ¥
317 2.12 A22enN9FINANNLTIULILEN AINANILITIUNMEeTT (JULWANWTNE)
FONANLUITANEATI (FULUAIULIN) FINANLIIAAIELAR (3UAN)

(Chattopadhyay, 2007)
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2.7.2 M5 UARIAINANUST]

3

FaNAINUE9q RN i IHARTUNANNH A NLNNT I aaia L Ui anan
Auldda Faaununiudegmgiuarnisiandaunesansiail lAnINNdnAaNa1eLssquLL
Tauz danangussqeasniniinldlugaaninssuail wu wasvinliuia (Drying tower) agadi
(Absorbing tower) LngmmunmﬂImmﬁ
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! Gl nzll 2/%1/ dll a a ! o ¥ dld
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UseANENINNINTUTILLLAINA1DA N TDAANNTIAAANAUAALAZIBIMAINYNINE 1
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(Distillation  tower) n13g1e1lauANTaw N13a e TauANTAULAZHIA NITHANLIE (Gas

Mixing) N13&1A (Extraction)
2.8 9MUIFEANLNLIT D
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o o

Feng waz Aldrich (2000) AN®1IN1329ALNNUATIARINANTaz AN BT U8R EN"g
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2. $aaarn1919m1nNY (%0il removal)

% Oil removal = ([oil], Xfeed flow rate)-([oil] ,Xtreated water flow rate) X 100 (n2)
([oil], Xfeed flow rate)

P \ = v ¥ 5 o v ' v
Wa  [oil], A ANdNduIasinduluanstlandn wiae Seaazine
wuin
[oil], Aa  AoNduduaestnsiuluasnean wiaa fauaziae
Hutin
A o 1 1 a aa 1 =
feed flow rate A Apsnisinasasansilaudi wiae dadanssauy

treated water flow rate A8 8/9IN1FMATBIUNNENUNITLNTALAL M0l

AARARTAAUN

©

o o

3. dndqutindulunaliy (Enrichment ratio of oil)

Enrichment ratio = [oil] in collapsed foam solution (n3)

[oil] in feed solution

v ]
e [oil] in collapsed foam solution An AN NTuaestinTuluasazana TNA AN

[0il] in feed solution A9 AN NduaenTuluanTazane
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4. FRuaYn13I9ARNTAALINAIND (%Surfactant removal)

% Surfactant removal = ([surfactant], Xfeed flow rate)-([surfactant] ,Xtreated water flow rate) X 100 (n4)

out

([surfactant], Xfeed flow rate)

= v v =KX a v 1
[surfactant] A AN NI UIDIANTAA LIRS 1IENTTI1EN YtdRsl
Y y
Saaazinatinuin
[surfactant]_, e AuduTuesanranussAsia lugsnan niae
U % o/
Faaazinatinuin
feed flow rate A F77N19 WATRIATTID U e NARARIFARUNN
treated water flow rate A9 i791N17 IMa1e91N N HN1N191NTALAY Mol
AaAANIFARUN

o

5. dndauansanusamaia b alny (Enrichment ratio of surfactant)

Enrichment ratio = [surfactant] in collapsed foam solution (n5)

[surfactant] in feed

A . . 2 v v R a
LB [surfactant] in collapsed foam solution A® AN NI TAAWIIFIH b
a13azane TN uAN
. . A Y v =K a
[surfactant] in feed solution AR ANNIINTLIRIRNTAALIIAGND 1

ANTATANE
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6. AN NI UIRIANTAALIIAIN A TRz A LIF R8N

Csample= (CV)hyamine (n6)

Vsample

Wa  Csample A AN NduIe9g1 7 AT ANER ludNTaTANeFaeeNg
Vsample Ag BNnsansazanafnatnild
Chyamine  As  Adudnduassansazanylaeiiu
Vhyamine Ae Bumsansavanlaeniiugnacinaild

7. ANANNT0 lNNTIRaNes (Foamability)

Foamability = Hmax (n7)
Hin

A A dl tdl 1 a
We  Hmax AR AINEeIeanesNgengn wiae [uRINAT

Hin A8 AONEIENAUIBIANTATANY YUIR LIURLNAS

8. ANHIADETURINA

& A A4 2 o= a ' a
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AN 21 WAAATLIPNRN TN AR TUA AT LA YA TR AL TBNANT

IFT IFT IFT IFT IFT
System System System System System
(mN/m) (mN/m) (mN/m) (mN/m) (mN/m)
[SDS]0.1 0 [SDSJO.1 [SDSJO.1 [SDSJO.1 [SDSJO.1
NaCIJ4 macgs | 00185 (1 macns | 90198 || acgr | 09143 || acns | 002735
0.1576 0.02066 0.01247 0.0153 0.02835
0.1551 0.01852 0.01383 0.01266 0.0298
0.157 0.01778 0.01422 0.01268 0.02832
0.1561 0.01769 0.01391 0.01434 0.02962
0.1556 0.01781 0.01384 0.01376 0.02904
0.1549 0.01743 0.01383 0.02705
0.1584 0.01766 0.01416 0.02877
0.1659 001734 0.01399
0.16 0.01743 0.01431

0.01368
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FNINUDY

naztnunsueninevasaasuuusiaiesluszuun llifa19u99q Naoudsdulnnenlng

Fadamniasay 0.1 Taadnuiin YrdudnTuew 500 daulududqu dm3nistuaainia

150 NARAMTAAUIN LAZIIAWALAN 60 U

NaCl Enrichment Surfactant Enrichment Foam flow
Oil removal

concentration %) ratio of Removal ratio of rate
(Wt%) v cutting oil (%) surfactant (mL/min)

3 81.75 1.05 68.70 2.10 2.55

4 85.28 1.10 72.52 3.57 2.87

5 86.59 1.17 76.16 4.62 3.77

6 88.05 1.53 81.44 5.17 3.10

7 88.87 2.38 82.05 5.25 2.98
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A1319 23 LAANNITANEINATRIEMIINITINARNNANN AL TEANENINTRINTZLIUNNTIEN

Tnanasasuvuseiiiasluszuunlidimonaisuss Navndndulapasinmdadamnias

az 0.1 Taetinuidn 11sw 500 dqulud1udqu Amnudntulmpanpanalsssanay 6 Ias

v
Ui waziaaAunin 60 Wi

Enrichment Surfactant Enrichment Foam flow
Air flow rate Oil removal
ratio of Removal ratio of rate
(mL/min) (%)

cutting ail (%) surfactant (mL/min)
150 88.05 1.53 81.44 517 3.10
200 88.37 1.21 81.02 512 7.98
250 87.88 1.17 78.08 4.90 10.01
300 84.95 1.05 73.52 4.52 11.87
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atszAnsninaasnszuaunisuaninanas

] dl dl 1 o ai ¥ Y a a o %
Z\]@EILLIILIIF]@LH@QGLHTZUUV]VLNNMQHZ\]’NU??@I nanudndulninenininiatainlniasaz 0.1

Tae1nmdn 11w 500 dulududou Aududulamaupaalsssanas 6 Insuinin waz

FR9IN171UARINA 200 NARLNATFEAUNN

Enrichment Surfactant Enrichment
Oil removal Foam flow rate
HRT (min) ratio of Removal ratio of
(%) (mL/min)
cutting oil (%) surfactant
20 78.28 1.05 51.15 3.40 10.98
40 81.00 1.10 74.50 4.00 9.10
60 88.37 1.21 81.02 512 7.98
80 84.02 1.25 78.95 5.50 6.81
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A1379 25 WAASINITANEHATEIEATINTT IMARNIANN AL T ANENINTRITBINTZLIUNNT

uenTpanasaasuuusaiiaalussuung

1
o

AINANLITIYT

¥

288Y 50 193N RTARANI AR

Wndulananiandadamniasas 0.1 Taatinuin 11w 500 dauludugnu Aoudugy

v
Tnpauaaalsfsaay 6 Tneunutin wazinaAuin 60 Wi

Enrichment Surfactant Enrichment Foam flow
Air flow rate Oil removal
ratio of Removal ratio of rate
(mL/min) (%)

cutting all (%) surfactant (mL/min)
150 85.52 1.45 80.35 6.93 3.00
200 98.10 2.28 84.90 7.80 7.47
250 91.34 1.95 84.70 7.50 9.71
300 82.97 1.54 75.96 511 11.14
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A1379 26 LAAINTANEHATEIEATINT IMARNIANN AL T ANENINTRITBINTZLIUNNT

uenTpanasaasuuusaiiaalussuung

1
o

AINANLITIYT

¥

A8AY 75 193N RTARAN AN

Wndulananiandadamniasas 0.1 Taatinuin 11w 500 dauludugnu Aoudugy

v
Tnpauaaalsfsaay 6 Tneunutin wazinaAuin 60 Wi

Enrichment Surfactant Enrichment Foam flow
Air flow rate Oil removal
ratio of Removal ratio of rate
(mL/min) (%)

cutting all (%) surfactant (mL/min)
150 85.15 2.47 78.72 6.20 2.98
200 88.51 2.95 82.80 7.23 6.43
250 91.90 2.31 81.50 7.35 8.10
300 83.16 1.83 77.28 5.52 10.57
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A1379 27 WAASNITANEHATEIEATINTT IMARNIANN AL ANENINTRITBINTZLIUNNT

uenineeasaesuuusiaiiesluszuLNNFanaussqFenas 100 2091 511MTARANT AN

Wndulananinndadammniasas 0.1 Taatinuiin 11w 500 dauludugnn Aoudugy

v
Tnpaunaalifsaay 6 Ineu1utin wazinaAuin 60 Wi

Enrichment Surfactant Enrichment Foam flow
Air flow rate Oil removal
ratio of Removal ratio of rate
(mL/min) (%)
cutting ail (%) surfactant (mL/min)
150 81.52 2.29 80.74 7.00 2.84
200 87.91 2.40 82.24 7.02 5.22
250 90.58 2.34 84.07 7.63 5.29
300 83.44 2.03 75.34 6.97 7.72
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v
az 6 Taginmdn LardmnIni17iuaana 200 AadARIFAaUIT

Enrichment Surfactant Enrichment Foam flow
Oil removal
HRT (min) ratio of Removal ratio of rate
(%)
cutting oll (%) surfactant (mL/min)
20 80.87 1.41 75.16 5.28 10.71
40 84.08 1.51 78.43 6.38 8.54
60 98.10 2.28 84.90 7.80 7.47
80 85.39 1.72 82.56 6.55 5.31
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1 dl dld o/ % o " dl ¥ Y a
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Enrichment Surfactant Enrichment Foam flow
Oil removal
HRT (min) ratio of Removal ratio of rate
(%)
cutting oll (%) surfactant (mL/min)
20 80.98 3.25 72.78 5.52 9.80
40 82.20 3.02 76.98 5.87 8.18
60 88.51 2.95 82.80 7.23 6.43
80 85.90 2.55 80.72 6.24 5.00
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Enrichment Surfactant Enrichment Foam flow
Oil removal
HRT (min) ratio of Removal ratio of rate
(%)
cutting oil (%) surfactant (mL/min)
20 78.90 3.57 70.28 5.87 7.80
40 81.24 2.88 75.53 6.02 7.25
60 87.91 2.40 82.24 7.02 5.22
80 85.20 1.95 70.01 5.50 4.51
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NaCl concentration
Foamability Foam stability (min)
(Wt%)
3 11.92 55.15
4 12.22 55.90
5 13.43 57.35
6 13.55 57.83
7 10.80 18.42
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Air flow rate (mL/min) Foamability Foam stability (min)
150 8.10 43.08
200 9.69 45.75
250 11.24 45.67
300 14.86 32.47
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2.1 ldmanlsnafu (Chloroform) 1.5 RaAANT WAZAUALAKADS AD Lmﬁﬁuuqﬂm
1367 (Methylene blue chloride) 4 Raaans adlu9A1LA 20 RARAAT
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2.3 lammsaggansazanylagly (Hyamine) 0.005 lHaRaAAT AUN318289819919
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