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- Ls9RLaNINTamNAN (Electrostatic Force: fE)

KD

f. D) = 64NKTY” € (2-38)
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2.13.1 Rapi mdsificati ion by low electric field
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e.Sumita, 2004
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LIA 3.5 LIURALNAS NSLENATNLFATU NS
(i) | copwnaan | % nsiiniin Ay, % n1911in | COD naan | % msthiia
5 9,203 33.60 18.51 13,491 2.66
10 9,308 32.84 17.00 13,348 3.69
15 9,308 32.84 | 17.88 12,993 6.25
20 9,203 4560 10/16 .af?‘fﬁ"'_... A 096 12,777 7 81
i —
30 9,057 34.65 9,531 f"-**‘f.m 3 20.63 12,559 9.38
45 8,993 35.11 : H8.75 12,551 9.44
, N
60 8,993 35.11 ;':.] 1875 12,352 10.88
i it
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AR 2.5 ARSAATILNY | e Aol 12.0 ANTAATALNY
(Wf) | cobinaan | % nnsiiin i 116, | an % nsiiin | COD vnaan | % mstiin
5 11,261 18.75 17.19 12,343 10.94
10 11,051 20.26 15.63 12.127 12.50
15 10,827 21.88 18.75 11,911 14.06
20 10,611 23.44 20.26 11,477 17.19
30 9,961 28.13 25.00 11,261 18.75
45 9,528 31.25 29.69 11,051 20.26
60 9,744 29.69 32.81 10,395 25.00
-
90 9,312 32.81 : é’:%4.38 9,744 29.69
F |
e |
120 9,528 31.25 34.38 9,961 28.13

ﬂummmwmm
a«mmnmummmw

8¢t



129

0.4 NTUARARNS | A7 \ N 4,0 NeflEaAns 1.2 NFuNGADANT
coD iaan | % msiin PHiNg 9 119116 . Ay, % n1511a | COD Whaan | % nstiiin
8,758 36.81 86.64 1,435 89.64
6,320 54.40 89.21 928 93.30
5,875 57.61 88.74 913 93.41
4,744 65.77 g " 85.97)° o\ 89.66 913 93.41
5,962 56.98 1,707 j,ﬂ{..r,,»rk.;-_, 34 90.01 795 94.26
6,485 53.21 1,999 4 W | 87.25 1,348 90.27
7,670 44.66 7 . 7_09 1,01 92.70
8,778 36.66 fy Js1 67 1,150 91.70
9,516 31.74 67.34 1,789 87.09
10,227 26,21 48.61 8,863 36.05
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0.4 NSNFADARNS | —-—'Fa?um'aam 1.2 NSNFADARNS

pH b4 0 o e 4 o a

COD uaan % N1TUYURA % ﬂ”l%“i.l”l‘]Jﬂ COD #1aan % N1TUUA
3 2,607 81.19 95.76 827 94.03
4 2,855 79.40 92.78 744 94.63
5 1,944 85.97 97.31 496 96.42
6 2,399 82.69 96.46 413 97.02
7 4,591 66.87 94.50 413 97.02
8 6,205 55.23 95.52 494 96.43
9 6,702 51.64 93.22 620 95.52
10 6,702 51.64 91.52 1,000 92.78

]
11 9,503 31.43 =30 18 1,175 91.52
A

12 10,421 24 81 = 6913 1,614 89.07
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Abstract

The objective of this research was to study the treatment of palm oily-wastewater

containing with surfactant by Electrostatic coalescer process. In batch process, the

possibly responw ) — able electrode system with
am— -

coalescer at 5 as iguid _flow ment efficiencies can be

enhanced for 2 S i his corresponds with

electrostatic coa ), augment the treatment

efficiency and also

Keywords : Oily w. Sdence process; Electrode;

Oil droplet
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ANANUIN A-2 NTUIETHITINNTIEALUIUITA

oidliefl process (MIAF)
a&; orn Kongkangwarn

Department of environmental. 1ty ofient A ngkorn University, Bangkok, Thailand

the coagulation gro pplied e NC ‘ C > "eonventional Induced Air
Flotation process‘ ) ! ol &d | Nis Stdy can provide a better

understanding of the astewater—tre ech@nism in terms of the bubble

i
‘t_-f’

hydrodynamic parameters a ._-,...,_..v.f. jIeal” dosages in order to achieve good

J o5 ¥
quality flotation proces .-JL W

The study ‘has~shown-that-the-removal Qerms of COD, was

related to thess ...é plibble hydrodynamic

— o
parameters (bﬁMble size, DUDH gesetocity and Lﬂ‘formation frequency).

Furthermore, the ¢ ulated interfacial areas have been proved to be a very important

ﬁwgr AngnInyINg::

prov the enough energy in chemil mixing for the MIAF process

ARIANNIWU UNIINYIAY

Interfacial area
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1. Introduction
Oily wastewater generated by various industries and afterward discharged into
the natural environment can create a major environmental problem throughout the world.

This wastewater occurs most frequently in a form of oil-in-water emulsion with

surfactants. Under these condition®, ithe e may go into emulsion spontaneously

giving a very stable emulsign L ‘ v' n it is therefore difficult to treat by

Flotation is one W
—
air bubbles in or o re C

of the separati

y separation) [1].

ily wastewater by using the
d increase the efficiency
an be divided into two

types: Dissolved A AF). For the commonly

applied process (DAP), thé en)are formed by a reduction

in pressure ofgWatergbresatiirated f. Nigher than atmospheric.
i A L L II. ‘ ) )
Moreover, for theglAF gorogess, "?“ ) DXBOOR M in diameter) can be

%

mechanically formed ' 1atior igh-SE 2e@Mechanical agitator or an air

injection system. e 1 ,-‘. ; Aitegesl of tha WARMprocess (investment cost,

complex operations, ' @@ui n ent _size) 'o‘s_ s has been chosen as the

Normally, the A e "J ds bee every effective when the feed is
correctly cg P ditioned with respect to pH contre . tion. Moreover, the
use of IargL' vde the much more
compact flotatidﬂlrn ystems, 'emistry:ii the particles or flocs to

be floated and als the energy for mixing between fine pollutant and added chemical

UANNSWYINS

or rmtor used in operation, 5) type of destabilization agents, and 6) the type and

RINIUAWTINEAY

and thus the bubble size generated However, understanding the removal efficiency of

1) bubble

quipment

the IAF process in terms of collision and contact phenomena between air bubble and oil
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droplets has been proved to be very difficult due to the complexity of bubble movement
in the flotation process.
Based on the literature reviews about oily wastewater treated by the IAF

process, it can be noted that the efficiencies of this process have been depended on

XPregsed that there are two main important

factors: 1) how to creatés ~ceollision / _bubble and oil droplets and 2)
possibility of attachmgnt-a - 2 , . _ﬁ two phases. Therefore, the

bubble hydrodyna-;-(-’g"ﬂﬂaﬂs C paramelers (bulble si@ion frequency and their
rising velocity and th el dreg * onds to the collision and

attachment/d to be considered in

order to underst

Modified Inducedgfir Fitatin (MIAR)EIRk sthod\ii determining the bubble
hydrodynamic garam il peapE d. ( \" dytan be probably applied

to consider the relgin offfhe intesfagialaIEE dbtainedWitM@enerated bubbles and also

\

2.1 ental Setup \4-)

= or s study consisting of: 1) air
@s flow meter (New Flow 0.2-2 L/min), 3) ma ‘I eter (Nuova Fima 0-1

Bar), 4) gas dn‘fufr ure2), 5) sampling pw ) flotation column with 0.05 m. in

ﬁ'ﬁﬂ manIngmI

er for acquiring and analyz g the bubble hydrodynam|c parameters Pylon

QWﬁﬁb@ﬁ‘ﬁfﬂﬁm’]’mmaH

F|gure

compressor, 2
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Flotation column
High-speed Basler camera

E

{1}

;

i

. Gas Diffuser

22 Chemicals affd W
£ / L Y
The chémicalgBgefits., useck=in=if erimlent were® as following: Alum as

coagulant and the GBD dfalysis joagent § . AWAUR 2@ WEF, 1998) [8]. Due to the

oH adjustment, Sodiufy roxid G incOllm Australiz) and Sulfuric Acid

0.5 N (Vol.Chem.VSA) have = ' Synthetic oily wastewater has been

orakot Public Company LTD.) at

! £ Sulphate of Carlo
-

iment, Synthetic oily

prepared from the solution Biag

concentrati&: 0

wastewater hasﬂ'ﬁe
‘» |

2.3 Parameter‘ﬁlnatlon Method

Y ﬂﬁﬂﬂﬂtﬂimm

\
afun on of time. Noticeably, the C?mlcal oxygen dem d (COD) measuremen

IR IUAMING TR Y

(yEﬁ: — in out (1)

COD

in
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Bubble hydrodynamic parameters and interfacial area [10]

The bubble generation diameters were photographed with a Basler camera (100
images/s). Then, the images were visualized and analyzed on the acquisition computer

through the associated vision software Note that, in order to get statistically significant

()

where V is th as flow rate measured

using the soap fi em, the terminal rising
bubble velocities, U firithtedt &k M bistende Collered by the bubble between

two frames. \ s
(3)

=1/100 s. As

frame

where AD is the bul e‘.-" Ll is) lacement betveen | ‘ andt=T

in [3], the interfacié arefl is a f ‘,-f)é:* pLbble \ mation frequency, the terminal

bubble rising velocity .' dt _{ gel ﬁ..rﬁ"{y etél It can be expressed as [9]:

(4)
Velocity Gradigy

In tkts
the turbulence=e

221
compare thos ‘tained with the jar test. The value of G can

in order to analyze

rocesses and also to

|
Maalculated by following
equation:

ﬂumwamwmm

Wher L, is the water sampling wsaasny, V, is the water volume in system and P is the

ARIANTIE UNINYINY

IA
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3 Results and Discussion
3.1 Induced Air Flotation Process (IAF)

Figure 3 presents the removal efficiency of emulsion with anionic surfactant by

using the IAF process as a function ofgtimeg for different gas flow rates.

% Removeal

70

7 AR © ._ Time min)
r‘} Qe 40 88— Decantaion
Figure 3: F mov E (e u:’;' -_ iF  -| Different Gas Flow Rates
As shown ip ig iE 3 it g f‘* Adhihat t h"\- I\ al efficiency obtained with
the IAF processes 1_' ‘:‘5,,.«:{,,-;-;__3.-&: er pseM@btained with the decantation
process (about 28%). These -a-‘-‘:;:::‘ [ the generated bubbles interact with the
oil droplets_and actdil ﬁ“'mf plets. Moreover, the maximum
efficiencie {3 .i’, ffffffffffffffffffffffffffff » Qd at 30 minutes for

operation times’.a

. 2a5ing with time. In this
.
study, Whateveﬁjve gas flow rate’ threesze an be fouq@on the variation of the
removal efﬂmency*lth operating time.

ﬂ;ﬂﬁ%nﬂm wmﬂi.i?:::::

are about 60-70% for Whatevr the gas flow rate. erefore it can be not

ARIANTT ANNIANHIA

The removal efficiencies obtained depend on the gas flow rates used in this

experiment. The largest and smallest removal efficiencies are obtained with the
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gas flow rates at 0.3 L/min and 0.7 L/min, respectively: turbulent nature (energy)
of bubble generation phenomena is probably responsible for reducing the
contact time between oil droplets and bubbles and thus the removal efficiency.
Therefore, it can be expressed that the coalesced mechanism becomes the

\\"/7\0 emove the oil droplets to the surface of

important factor, in this

water.

3. Breaking zonﬁ e removak - nC|es obtained experimentally
start to be l na, at the surface of water, of
the oil/bubble, gent zone. Moreover, it can be
found that be e gas flow rate used in this
experi : the highest gas flow
rate. Ther ' ) ossary; | H_, " o grate the IAF process with
the venhi . . : e fé fo n"\ ti.

3.2 Optimu ' . a' i pH 'fﬁéf Jum \I\H o8k '. M& (jar test experiments)
‘ N = \
In this part, ' -:n:lr»« ' |th Si \\ lirress was used. The effect of
coagulant dosage (Alu ' 'S ‘ '_Jf’_ a0 the Weight dosage of coagulant with
100 rpm for 1 minute rapld i : he for 20 minutes slow mixing time and

1 hour for sedimentation timt

igure 4 shows the variation of the

removal eff@c I@onoentraﬂon for the

N

ﬂ’iﬂJ ummm

0 1200 140

4= pH2 % pH4 pH6 pH8 —*— pH10 —®— pH12 Alum(ng/)

Figure 4: Removal Efficiency versus Alum Concentration for Different pH Values
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As shown in Figure 4, it can be found that the removal efficiencies increase with
the alum concentrations. The optimum pH resulting in the highest removal efficiency was
observed between the values of 8-10. Moreover, at an optimum pH value of 8, the

optimum dosage for alum to cause a removal efficiency of 99% in COD values of the oily

wastewater with anionic surfa

required in this experimen ’ _ | % 1 on the destabilized mechanism
(sweep floc coagulatign)s: --.-A.-»_ka the cha —_ﬁum has a quiet low charge
density Compared’_’U-m 5Eeoe'gu|a£ (chite -

/l. These high concentrations of alum

By comparing opfpantel of Figure 3) and the jar test

experiments ( wa hefficiencies obtained jar test

experiments ( icalgfea tforocess) aie the Mege obtained with the IAF

process. Howevergfhe gisaflvs ye of Remica horog8ss is that long operation

L

times (rapid/ & mi z d @\m e " C dy I adthition, with the optimum

¥ w
»

"l: 'p'f’.l" p,'

33 Modified Indufed Alr Flotation (MIAF précess)
W N / :

dosage and pH yalfie. # ?

!.l- L

Since the IAF a : 0 chemlicaltreatm OCESS = were the effective method for
f’.—-a'r-l':-r . ]

treating the oily Wastewater ------ nionic-sul heir combined influence (MIAF) was

studied in subsequent the f".‘:j' "uM' AF process and with the jar test

expenment@ 77777777777 »1 were 3 L/min and

- =
8, respectiv& :

-
Figure ”:'r presen vestewater with anionic

surfactant by usm the MIAF process a function of time for different alum

oﬁmﬁ” gm%’mﬁ 1y
awmnsmwﬂmmw
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Figure 5: Removal @Mcieply if § “ren wAlum Concentrations and

ComPared @ sc Obtain WIEMN/AE gl g .Te xperiments.

As show®in Fig ‘_ '" iciep Gigs ai elwith the MIAF process

are greater than thg€e gftaigled’ Withethe cesSATh8sk results can be explained

that sizes of oil«droplg ag ation from the presence

of alum concentratigts agifl thus acpeelere sepa O flotation process. Besides,

it can be found that the

> is .-:_—ff--—e,--‘ onceniiation (1000-1400 mg/L) on the
removal efficiencies: minimf f€s are equal to 93.26% and 99.08%,

respectively. Therefore f'! ants obtained with the jar test

expenmenl& ‘ £ moval efficiencies.
———————— = o

In addition, he ; }Iso shorter than that
r to ﬁpare the turbulence or

T the MIAF and Jar test
ts ar 160.s" ,_respectivel refore, it can be not
Eﬁi u |ffu c| ?vq % i

ed_that bubble
e surface
of Wﬂ' but also in chem|cal mlxmg in the MIAF process.

am'mﬂm Zﬁﬁ%ﬁﬁ%

size. Additionally, it is obvious that the results observed in our small bubble column

for the Chemice’l eatm

mixing conditioff, the average velocity gradient (G) values

.

volume have to be validated into a tall bubble column and at higher gas flow rates-with

different types of coagulants and also oily wastewater.
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3.4 Bubble Hydrodynamic Parameters and Interfacial Area

In this part, the bubble hydrodynamic parameters (bubble size, bubble formation
frequency and their rising velocity and thus interfacial area) will be studied in order to

provide the better understanding of the yariation of obtained removal efficiency from the

IAF process. Figure 6 shows_tQé len, the detached bubble diameter (Dg)

and the gas flow rate far. -‘ ' sed in these experiments.

Dg (LVmin)

Figure 6: /o/e 1ze e ; um Concentrations

bétveen 3.6 and 5.2 mm while
doreover, the bubble sizes are
roughly constant at low gas ovv-—- te-and-tl rease at high gas flow rate applied in
the IAF process. AS piopt aslerms of bubble diameters are
directly linkg et'io surface tension values and - el _)es on the balance
between thL it e v

detachment frclyd the diffuserve

diameter is no Ion r controlled by the forced balance at detachment, but rather by the

mm NENINTINT

contamlnated with dn‘ferent alum concentrations (MIAF) are closed to those

TR AN

process.

gi¥ke’ bubble growth and
=
sVer~at higher g@' flow rate, the bubble

Over this bubble diameter range, the terminal rising bubble velocities (obtained

experimentally) are nearly constant. They vary between 15 and 25 cm.s” and are within
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the range of the U, values of Grace and Wairegi (1986) [13] corresponding to the pure
systems. By using the experimental results of the bubble diameter (d,) and the bubble
rising velocity (Ug), the bubble formation frequencies (f,) related to the gas flow rates

can be calculated (Eq. 2). Then, the local interfacial area (a) can be determined. Figure

7 presents the relation between - ‘ a algarea (a) and the gas flow rate for the
different alum concentratiog ~ Als '

1.2
Qg | Ymin)

Figure 7: /nterfaC/ Ar " _- Gas F 1‘! ent Alum Concentrations

As shown gas vary pbetween 0.032 and 0.055 mm

while gas flow rates#Can ."ri‘r W 1 /s. The small effect of alum

concentrations on the interj reas has 2in observed as shown previously in
the results -c'Sain ie. val of (a) are directly
linked to th&=libblese bubble-rising-ve e Torhation frequency. In

this study, th low rate equal to 0.3

& max f B
' |
o@sponds to the highest removal efficiency as‘ﬂ

L/min which ¢ own in Figure 3. It can

be thus express‘ t the variation of th values relates to the interacting

Cﬂ‘uﬂ“’m:Et‘l(lb‘mmﬂ:i:f:tz

attam g the good performance nhnhe treatment of oi i wastewater by the ﬂ tation

RIS ARTINGINGY

not only the interfacial area controls the overall removal efficiency, but also the chemical

dosages applied in the MIAF process can affect the associatled performance.
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In conclusion, the proper bubble hydrodynamic condition and chemical
dosages are necessary to determine a good performance in terms of treatment
efficiency and economic management of the Modified Induced Air Flotation (MIAF)

process.

4. Conclusion \\\‘I/ /
The obJectlv |s tostudy % of oil in water emulsion with
e

*“

=V, i
b ' [

%-ﬁ-‘-
Otation process (MIAF) which is the
N

anionic surfactant purpose, the Induced Air
Flotation process (IAF )
combined pro 'on process were applied. In

this study, the fi

® The remo ' / imed s With the' i Sses (60-80%) are greater

L

’ 854 (abOBt 28%): these confirm

lets and act like “rising

® Due to the®ariali®n of ojly: ~' vaste mov ficlency with time, three zones

(free surface zghe, ¢ tiechme "E'ﬁf*‘ akin@lzone) can be defined:

——

® |n jar test expe .um (s, the ’ efficiencies increase the alum
ﬁx

conesptratie t|f~dosage for alum to

cauke P am e e e T Oily wastewater with

A . X
anion SUITAC =

I il

AF process, the removal efficiencies obtained are greater than those

® For the™v

obtained v\‘hﬂlAF process. These ruts relate to the increased sizes of all

AUEANERTHEANG

useparanon in the flotation process

RIBYA A Ivenay

process. Therefore, “the advantages of MIAF process can be expressed as 1)

shorten operation time, 2) economize the chemical cost, 3) save the mixing

energy, and 4) reduce the equipment size;
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® The bubble sizes obtained in liquid phase contaminated with different alum
concentrations (MIAF) are closed to those obtained in tap water (IAF). Moreover,
there is small effect of these contaminants on the bubble rising velocities and

their formation frequencies, along with the calculated interfacial area;

° ogbe the important parameters to consider

% ‘ ent of oily wastewater by the

o the chemical dosages are
*good performance in terms of

e Modified Induced Air

N i anOther type of surfactants

presence in oily, fiegl It is eSséntiallio ",\1 &% uBying with different types of
chemical substancegifang r;_’;_’-:}_ oyder (8 cxtend the operating condition
ranges. Moreover Mt is' @bvious q.;;lE:"_ S obsd ) our small bubble column

volume have to be va .',-e"}:r’-ﬁ.’ﬂ’ bupb nn aAd at higher gas flow rates with

different types of coagulants . —————
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