CHAPTER II
LITERATURE REVIEWS
2.1 Palm 0Oil Mills Wastewater Treatment

In general, the milling process in palm oil
industry must deal with myriad wastewater streams,
which might require advanced treatment technology
developed specifically for that stream. Wastewater
generated from such activities usually is treated to
remove 0il and grease bgfgpre disposal.
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Where: v 0il droplet rise velocity

K = constant based on particle drag



9 = gravitational constant

d = 0il droplet diameter

v = density of wastewater (continuous phase)
Lo = density of oil (discontinuous phase)

H =

wastewater viscosity

The relationship above shows that the rise
velocity rises primarily in response to increased oil
droplet diameter or size, and secondarily in response
to an increased difference in water-to-o0il density
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2.2 Emulsion Classification

In the general, an emulsion is a dispersion of
one liquid in another with which it is immiscible.
The particle sizes of the dispersed phase lie between
a few hundred nanometers and a few ten of
micrometers. Emulsion technology had developed its
own language and definitions. The two immiscible
liquids that constitute an emulsion are referred to
as “oil” and “water,” as these is proverbial
representatives of two such liquids. Within an

emulsion, one liquid phggg ,is in the form of droplets
and is therefore digi \i /r >d from the other phase.
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Flocculation

Flocculation is defined as a process by which
two or more droplets aggregate without losing their
individual identity. Bridging flocculation occurs in
the presence of macromolecular emulsifying agents in



an emulsion. Emulsion droplets flocculate through
interaction of the adsorbed macromolecules between
droplets. Bridging flocculation is a very complex
phenomena and greatly depends on the size, type,
amount of the macromolecules used in the system. In
addition, rate of flocculation can be affected by the
pH and ionic strength of the aqueous environment.
Interactions among protein, polysaccharide, and water
soluble surfactants can also affect the stability of
the emulsion.
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temperatures, as the adsorption of the stabilizer
decreases with temperature. In some cases the
emulsifying agent is thermally decomposed. The PIT
is the temperature at which the emulsion inverts,
which 1s also the temperature at which it is least
stable. Demulsification can then occur by heating or
cooling the emulsion to the PIT.



Chemical Demulsification

An emulsion will often break if the emulsifying
agent is chemically altered. Emulsions stabilized
with alkali-metal soaps are broken on adding acid or
metal ions. Emulsions stabilized with anionic agents
can be broken by adding a cationic detergent. A more
subtle chemical effect is to alter the HLB
(Hydrophile-Lipophile Balance) number. This
procedure depends on the two solutes being able to
comicellize, which allows them to blend so intimately
that the mixture behavegpgs a unit of intermediate
HLB. Thus an O/W e jtabilize with an agent of
high HLB may be vud e
agent of low HLR
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From these four generalizations it becomes
apparent that a number of options exist in emulsion
breaking. Any single change in these areas may
result in the resolution of an emulsion.
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2.5 Important interfacial parameters

Interfacial tension

At the interface between the liquids there will
be interactions between molecules of different type
and the interfacial tension arises due to the
attractive forces between the molecules in the
different fluids. TIf interfacial tension between two
phases becomes zero, then the two phases become
miscible. This result is the ultimate aim of many
type of enhanced oil recovery. In practice, it is
difficult to make int-15°f'al tension approach 0 for
ligquids of such di acteristics as oil and
water. :
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Figure 2.1 A liquid droplet in equilibrium with a
horizontal surface surrounded by a gas.



10

2.6 Commercial emulsion breaking
Electrodialysis

Electrodialysis (ED) depends on two factors:
first, the fact that if two electrodes are placed in
an aqueous solution and a direct current passed
through it, the ions in solution will migrate to the
electrode of opposite charge; secondly, the fact that
membrane will selectively pass only positive or
negative ions. These cells can be stacked in
parallel and operated cgpfinuously at substantial
throughputs. Care guis Fgeken to keep suspended
solids or oils frd Bl fe _fouling the
membranes. .
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Filtration Coalescence

Coalescers are used to accelerate the merging of
many droplets to form a lesser number of droplets,
but with a greater diameter. This increases the
buoyant forces in the Stokes Law equation. Settling
of the larger droplets downstream of the coalescer
element then requires considerably less residence
time.

If membrane increase the size of the pores,
ultrafiltration go to microfiltration and, finally,
to actual filtration angpfibrous-bed coalescers.
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higlg lonic streng t through glass fibrous
mats having uniform fiber diameters. Incoming mean
drop diameter of 1 to 7 um, fiber diameter of 3.5,
6.0, and 12.0 pm, suspension superficial velocity of
0.01 to 1.0 cm/sec, mat thickness of 0.1 and 0.3 cm,
oil viscosity of 44 and 462 cP, and preferential
wettability were independently varied while measuring
the degree of coalescence by Coulter counting and
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corresponding pressure drops. Measured single phase
pressure drops are about 30% smaller than predicted
by theory. Pressure drops during coalescence were
found to be independent of both incoming drop size
and oil viscosity, as theory predicts. The relative
permeability of the aqueous-wetted mats is about
0.12, corresponding to a uniform coalesced oil
saturation of 0.30 in the mats. Semiempirical
correlations of a dimensionless filter coefficient
against a dimensionless adhesion group are presented
to describe the extent of coalescence.

Burford et al. died the effects of
intermittent perme

rossflow on membrane
coalescence of gi®

— jons. The effect of
01l droplet resisee he membrane porous
matrix was in

process 1is
proposed based sEmeate flow: flow or
no flow, at 0.0

bmoroethylene
membranes wi

al average pore
size were used s with an average
1.5 pym droplg

gliMents were carried
. ; W\K
out in a crossf C&MNand crossflow
velocities wed€ f;’;, \) M 0.28 m/sec.
Fluxes were fo A CeaSt AN crossflow although
0il rejection wWasg ze~~%%& ingk 110 concentration

O o™

polarization. RESVEEE-ale moRstrated an
improvement in coalgSeence formance during
intermittent op:*irfyw-.g% ossflow velocities.
Under some cérditions intermitfentpbormeate flow

¥ bzxes than
11 dms a potential
Jfor membrane coalescédce.

AU NHNSTNYAAT s

of dilut®8) oil-in-water, suspensions at steady state by

flg u eds of, ' VAl rm

o S AP DA A e
of e oi roplets "1 he 1ncoming sSuspensions were
1l to 5 pym with o0il viscosities are 50 and 500 cP,
total suspended volume fractions are 2x10™* and
8x107", and superficial velocities are 0.3 and 0.6
cm/sec The data are interpreted using equations that
assume three distinct regimes of coalescing phase:
0il microdrops suspended in capillary-conducted
water; capillary-conducted oil forming well connected

operation prgOuC
without inters
novel process




13

channels; held-up oil as discrete coalescing globules
that act as an intermediary between the oil
microdrops and the capillary-conducted oil. Filter
coefficients characterizing microdrop capture are
reported and correlated assuming capture is governed
by van der Waals forces. The rate of coalescence of
the intermediary held-up o0il is found to be
approximately first order in the fraction saturation
of the intermediary held-up oil with a rate
coefficient of about 1x10 ‘sec™.

Soo and Radke (1984
of dilute, stable emilt
media. Oil-in-wate
ranging from 1
0.57 and 1.15
velocity of O
permeability
size drops belng
drop sizes apdf pgf ‘ as transient
effluent emulsi® amid transient
pressure data#ff af uAA Fhat, | brddbility reductions
during emulsiog B W\droplet capture
mechanisms si for solid particle
deep-bed filtrgfig

udied the flow mechanism
n fine grained porous
mean drop sizes
Oleed in sandpacks of
w28 superficial

ty oil drops cause
s, with 4 to 5 um
By examining

Walsh et al od¥the effect of solid
and liquid aerosol eading on fibrous filter

material performafices=- £ erk samples of

prefilter maferial of 12% packings 8eh3ity have been
loaded withL%€ Xl 4, and 2.2 um
stearic acid mere gt @ face velocity of
0.10 ms™. @or differences betwe&f the behaviour

of fibrous filgers under s%b;d and liquid load can be
related ] i ce between
SN YIRS
particleQkreates permanent intrusive structures that
ar j icult t ' r > 1ol ' ‘ﬁ ticles
WS TN EE TR o
loaging behaviour 1s much more variable, wit

internal relocation, drainage, re-entrainment, all
possible outcomes of the loading process. Figure 2.2

illustrates the internal structure of a filter is
altered by solid and liquid particles.



14

Lisxliiog wend (B sercasi
wher: s o bl

Saing w1t 4¥3d @l
wikare reacliisie 0w flroed

Figure 2.2 Illus pdrite formation under
solid load, and ye T w6n under liquid load

Actual pofb
back either plha

~do not try to hold
e the suspended

droplets intg encourage
coalescence. : AR onceded to work
best if the Matgfi S e \Bd L Bhit is wet by the

orced into
lter and form a

disperse phasg
contact with®eagl

compact secondffpiige wix Sy Cwrough the filter
and releases TagfelfdudBs )e & dewnstream side.
These large drg@Ps etj;gﬂ ®and the coalesced
phase can be rengWed=s=rom= \-tem.

Sharifi and S} ;%LJ 9%
of secondanyw o in packed-bed
coalescers .y 5‘ Toluene,
Sunflower o%d eysand Tap water
were studiedﬂvi osity §OT07 Jjj0. 0574, 0.0453,
0.00092, and 001 Pa.s, interracial tension of
0.0189, 0.0085f #. 0242, and0.0473 N/m, density of
866.7, uﬂ@,nﬂﬁglﬂﬂm d surface
propert ne, ethylene,

PVC, lass, stainless gsteel, arg ceramic dggerl

ﬁlﬁ Tﬁﬁﬂi&ﬂﬁﬂ‘mm&“ﬂlgﬁi

coafesce on packing surfaces, secondary drops are
also produced during drop detachment from all packing
surfaces and the net coalescence rate for secondary
drops is low. Our principal conclusions are that the
maximum size of secondary drops produced on packing
surfaces is independent of the nature of the packing
material, and that this drop size can be expressed as

died the separation
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a simple function of the physical properties of the
dispersion.

Radmila et al. (1997) studied the separation of
oll-in-water emulsion by bed coalescence using
polyurethane foam chips as the filter media in a
steady-state regime, including gravity settling. A
study was made of the effect of working conditions
such as fluid velocity of 10, 13, 16, 19, 30, 35, 40,
and 45 m h™', bed length of 3, 5, 7, 10, and 15cm,
and influent oil content of 500mg B, 800mg It
1100mg L™', 1400mg L' ap 000mg L™ on the effluent
0il concentration a ! ion efficiency. When
the fluid velocitys ads S itical wvalue, the
influence of copgehs wled length is changed.
The increase imm tration causes an
increase in th ion, the more so
the higher the obtained
empirical equa 4 shoose the working
parameters, g g ;iel: &0, '@ "Mllent concentration
and separation jeney
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fibrous beds and POLY e particles for the
granular beds = e of this study is to
examine the.AfFfeCtS 0T SOME=CO NEEORIS.ng parameters on
the coalescEm il ing parameters
are Flow rat-. 3 ov. 1, 308.92,
468.59, and ﬂ2 68 ml/min, inlet o*“ concentration of
2000, 5000, anéﬁo 000 ppm,.)bed length at the three

outlets mym ﬂgjﬁmﬁéieagi two

differe
oleophll . The polypiopylene fiber w1th the

s the
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e par metric stu Sy, rs it een found

that the overall coalescence eff1c1ency is not a
monotonous function of flow rate in the granular
beds. The coalescence efficiency is higher at some
intermediate superficial velocities. Secondly, the
higher the inlet oil concentration is, the lower the
overall coalescence efficiency is. Thirdly, the
coalescence performance is insensitive to the length
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of the granular bed tested in this study. It has
also been found that the coalescence performance is
better for a fibrous bed packed with smaller fibers.

Yan and Masliyah (1994) studied the
demulsification of Oil-in-water emulsions stabilized
by asphaltenes-treated kaolinite clay particles by
the addition of fresh oil. The effect of oil
droplets diameter was varied form 56 um to 194 um,
Contact angle was varied from 26° to 143°,
equilibrium clay concentration at the oil droplet
surface was varied frqg 52x107° g cm™ to 5.5x107° g
cm™®, volume fractio in emulsion was varied
from 0.184 to 0.49 ity varied to include
Bayol-35 (2. 4mPa oM oil (44mPa s) and
heavy mineral nt of added fresh
0il was varied irring speed was
varied from 200 demulsification are
Studied. It NoYe the oil droplet
diameter and \5 ration in the
water were kep# Milsification rate
exhibited a @ , ae angle of about
90 Celsius. HgWe Wit CHRNR @y concentration at
the oil drop e , ®hstant for
different clay goght &6t anglk & demulsification
rate increased®*mgliotenEcad , an increase in the
contact angle. A VLD & r il droplet and high
volume fraction of e COncentrated emulsion
and a large_amo hii g 2 ddition gave a
higher den1‘;;A,_‘_-_-_________“ﬂwww;j the clay
concentratifrg Mtface led to a
slower demulsHf .sc051t1es of both
the fresh oi Jand the 011 1n the pxn ary emulsion had
little 1nfluenge on the de lsification rate.
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% é nder the
act ing. ro n para e ers are pH of

aqueous phase of 0, 1, 3, 4, and 5, and different
fresh oil of Heptane, Bayol 35, Heptol, and Toluene.
Clay concentration analysis showed that when the
emulsion was mixed with the fresh o0il, the clay
concentration of the resulting flocs became higher
than that of original emulsion, leading to higher
clay coverage at the oil droplet surface and
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difficulties for further demulsification. If the
flocs were centrifuged, the clay concentration in the
centrifuged flocs was about four times that of the
original emulsion. It was not efficient to desorb
the clays from the oil droplet surface by diluting
the emulsions with fresh water because of the
hysteretic behavior involved in the clay desorption.
By modifying the clay surface properties with a
higher aqueous phase pH or by using asphaltene-
soluble solvents as fresh oil, the clays were
desorbed from the oil-water interface, leading to a
higher demulsificatio Ri<.
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oil. Controlling
ulsion residence
ilibrium initial
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40° to 140°, 138 01TV ¢ [H:k ion in prepared
emulsion varieg L tatio of flow rate
of the added - on G , . The o0il in the

emulsion varied <
500 rpm to 900%rpmm, aumi
4.5 to 7.5 on 0i : jas found that the
variation of the oidk _ action in the emulsion
decreased exponenti-=if Wi emulsion residence
time in the.mixer. The den IOTSIENERE0n rate constant
decreased wild lChcentration at

g speed varied from
pllase pH varied from

the o0il droplet e ays offered a strong
barrier to o#¥ droplet coalescence® The
demulsificatiog xrate constgpt exhibited a minimum at
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ned due to poor mixing at wer mixing speed
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