CHAPTER IV
RESULTS AND DISCUSSIONS

This chapter presents experimental results and
discussions on demulsification of palm o0il in oil-in-
water emulsion. Experiments conducted in this study
are categorized into five sections:

Section 4.1: Gravity separation of palm o0il in oil-in-
water emulsi
Section 4.2: Relativey ity of each medium

Section 4.3: Effect.o. 1;;ﬂ media on
Ldbdcat i Alm oil
Section 4.4: Eff& ) : T on demulsification

of
Section 4.5: Ef

N

4.1 Gravity Sepdration of In j?\k_ Oil-in-Water

Emulsion L,

A set of ezgPeg <y - O study the
gravity separatig L pil-in-water emulsion
and was conducte8 er of 60°C, 70°C, and
80°C. Palm oil inffoifzdn-ws Mulsion having oil
concentration of 1 w S ed in a beaker which was
submerged in an Qi \ emperature control.
Samples were (@QASECULtIVEIVECOTTSCE8EJgvery 20 minutes
during the peg# A

Experimentgl S opv u ied in Table Al in

Appendix A. Tr“ results are averag *d and presented in
Table 4.1

rabie 4. ﬂummmumm o

emulsion from gravitymseparatiogs study

NIRRT NEIAY

que(mln 60 Celsius 70 Celsius 80 Celsius
0 0.821 0.807 0.816
20 0.777 0.785 0.784
40 0.760 0.736 0.743
60 0.743 0.720 0.733
80 0.728 0.704 0.696
100 0.713 0.694 0.686
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It was observed during these experiments that
small oil droplets float on the surface of the emulsion
in the beaker. These observations indicate that palm
0oil can separate itself from oil-in-water emulsion.

The analysis results in Table 4.1 are plotted and are
shown in Figure 4.1. It is clearly seen that amount of
palm o0il in the emulsion decreases with time. Small
droplets of palm o0il in the emulsion collide and form
larger droplets and separate themselves from the
emulsion.

(Wt%)

0il Content
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Figure 4.1 0Oi -in-water emulsion

Dispersi:g; 7 IE"’j-ecause of a
small droplet ﬁi g O4q an interfacial
film on droplef8 in emu ons. The¥®uspended droplets

do not settle oqg r float 1dly and the droplets do

not coaleﬁuﬂ}jﬂﬁm%ﬂqﬂ lets can come
together reaming

sedlmenta , aggrega tion, and coalesc

gzmmﬁammmﬁmw o

phases® 1In aggregation, two or more droplets clump
together, touching only at certain points and with
virtually no change in total surface area. 1In
coalescence, two or more droplets fuse together to form
a single larger unit with a reduced total surface area.
The original species lose their identity and become
part of new species. 0il droplets in an emulsion will
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have some tendency to settle according to Stokes’s law
shown in Equation 4.1. ©Uncharged spherical droplets in
a fluid will sediment if its density is greater than
that of the fluid the driving force is that gravity;
the resisting force is viscous and is approximately
proportional to the droplet velocity, when the forces
are match.

v = 2P, —plg (4.1)
m
Where v 1is foY ‘ ¥, droplet
r is
ok} is
P1 is

is .y My _4\‘ leoplet

0il with
more water drop
viscosity of ol
heat. Lowering
at which water €@rgp
water droplets.

pility to hold up
pbower viscosity. The
\® e application of
gases both the rate
he mobility of

ds to collisions and
coalescence of thelio interns increase the
rate of separatio he higher the
temperature is, theGf8asen ability to resolve
emulsion is. T

However,15?*““"""*"‘*““‘“75#:y affect other
factors negat *5and Joseph
Turbeville (19‘5) founo . okes#] law could not

directly be used to calculate the profile of gravity

separatio ulsion. They
indicatedrﬁﬁ m ﬂ Mn ﬁfﬁl:ed the

separatlon rocess.

AR RS iandn oo

experiffents. They found that the concentration of the
dispersed droplets in the emulsion decreased
exponentially with time. Hartland and Vohra (1980)
reported similar finding and suggested that the
demulsification process proceeds as
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£ = exp (-Kkt) (4.2)
CO
Where C is the concentration of the emulsion at
time t, C. 1s the initial concentration of the emulsion
and K 1s an overall rate constant for demulsification.
Equation 4.2 is used for prediction of separation
of palm 0il in oil-in-water emulsion in this study.
The experimental results from Table 4.1 are calculated
in the form of C/C.,. The results are shown in Table
4.2 and are plotted in Figure 4.2. Equation 4.2 is the
used for calculation ofy@V¥€dgell rate of demulsification
(K) for each temperadt : :/f alculated rates of
demulsification (K)mee ?§; ) in Table 4.2.

—

Table 4.2 Average

ion (C/C,) from

gravi
_ . /Co)
Time (min) 80 Celsius
0 1.000
20 0.960
40 0.910
60 0.899
80 0.852
100 0.841
% 0.0019

The rateqsgf ound in these
experiments Me—tour anci are et redad close to each
other. These%fe Sthe
demulsificatiogfjof pe PO oiflFin-water emulsion
by gravity is & slow process and an 1ncrease in
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Figure 4.2 Gra
water

A set of g ts Wwas \al sh, ducted using

- 7 A AN - :
empty column, w ANy o A Neki a¢a1e501ng medium, to
verify an effe ' \\ lemulsification of
palm oil from oj Ofy at temperatures of

€0, 70, and 80 *C )\ CF B shown in Tables A3
in Appendix A. he pETIL -ta\ sults from Table A3
are calculated in g@he=Form- . and the results are

shown in Table 4. he results from gravity
separation experimemESti/iAg Equation 4.2 is used to
calculate a yakg omu Oy, (5) and the results
are also sho {f; f}<ﬂ in Figures 4.3
to 4.5. ﬁ ~

Table 4.3 Oil ﬁr ction an value from empty column

ﬂ‘ﬂ’ﬁi'ﬁ‘ﬂ%ﬁﬁﬂt’]"l’?ﬁ B

oil Fractlon (c/c,)

80 Ce151us

L. "
tio CoTumn Separation

.000 1.000 1.000
966 0:989 0.935
.958 0.987 0.908
913 0.912 0.905
.886 0.869 0.886
849 0.861 0.868

K 0.0012 0.0015 0.0013 0.0015 0.0015 0.0016
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Figure 4.4 Palm oil fractions from empty column
experiment and gravity separation experiment at
70Celsius
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study. The resuljs jffae iies indicate that
flowing palm oilfemlils i . an empty column do
not enhance its sefiagsEions e emulsion.
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Figure 4.6 Comparison of gravity separation with rate
of demulsification (K) of empty column separation
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4.2 Relative Wettability of Each Media

Coalescing media used in this study are palm
fiber, synthetic fiber and pumice stone. Each medium
has been tested for it ability to wet water and palm
oil at different temperatures. Each medium is weighed
to find its dry weight and is put into a beaker
containing water or palm o0il at specified temperature
for a period of time. The medium is then taken out of
the beaker and is placed on a screen inside a
temperature controlled owyan to allow the liquid to

The weigh different
liquid wetted on k&
adsorbed on the T

the amount of liquid
the dry weight of
each medium, th® ed on each medium
at each temperas e liquid content
can be considereg O Ur guwid that can wet the
medium surface®™ Jhg 108 hetw \: lm oil content and
water content o@f ed« , N a g Clly temperature is a
relative ability 1 Wwater to wet each
medium. Table 4% n ults of this study
and the relative i¢h medium is plotted
in Figure 4.7. ' : e CAaT palm fiber has a
value of relative igher than 1.0 which
indicates that palm higher ability to attract
palm o0il than_wate "‘<~*w_£, , Rumice stone and
synthetic ‘w:" palm oil
attraction. @i BRdt temperature
slightly affeCrﬁ che Of fthe medium.

|

i¥

Table 4.4 Relati®emwettabili

W01l Wmndlum) ( Wafer/Wmedlm)
edlum 6@ Celsius O Ce131us Celsius
QTN TN S A NENA B
690
Synthetlc Fiber 0.576 0.376 0.406

Where W,;, is the weight of palm o0il on each medium
Wyeqinm 1S the weight of each medium
W,srer 15 the weight of water on each medium
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1.60

1.40 BPalm Fiber BPumice Stone OSynthetic Fiber
1.20

1.00
0.80 }
0.60 +
0.40 -

0.20 ¢

(Wui l/w:n.—;dimn) / (Ww':ter/wmedium)

0.00

80 Celsius

ability

Experiments g < 1 fica \pf palm oil

i G fiber and pumice

ted at

% and liquid flow

\\ \k .50 mm/sec. Each
~~- to the height of

9, 0.11 and 0.41
Wer and pumice stone,

temperatures o
velocities of O
medium was packe
100 mm and a pac
g/ml for palm fibe

respectively. on with a concentration
of 1 wt% was used asteaapitig Each experiment
was conducted Xg ' dyple was taken
every 20 min 5 fElalyzed for palm

oil content. 1 asi zed in Table A2 in
Appendix A. :

The resultsgage then cagdgulated as C/C and are

sumarlzeﬂuﬂlzﬂﬂ ﬁgjdlﬂ igures 4.8 to
4.19 lculation of

demu151flc ion rate. he demu 51f1catlo rates (K)

Wﬁzﬁﬁﬂf’fﬂﬂﬁﬂﬂﬂmﬂﬂ

u-'



Table 4.5 Palm o0il fraction of flowing through a

packed column experiments

32

. . . 0il Fraction (C/C.)
Medium Temperature Time (min) 0 12 025 040 050
0 1.0000 1.0000 1.0000 1.0000
20 0.8973 0.9274 0.7898 0.6735
60 40 0.8448 0.7998 0.5470 0.4909
60 0.7783 0.6066 0.4495 0.4048
80 0.6628 0.4883 0.4425 0.3946
100 0.5683 0.4251 0.3984 0.3844
0 1.0000 1.0000 1.0000 1.0000
20 0.7929 0.9482 0.8653 0.7733
Palm 70 40 0.7835 0.8003 0.7468 0.6537
Fiber 60 Q 0.6498 0.6702 0.5491
e / 0.5310 0.5296 0.4736
Fi 0.4956 0.4669 0.4786
1.0000 1.0000 1.0000
0.9225 0.8079 0.8383
80 0.8689 0.7192 0.7408
8308 0.7032 0.6861
.7020 0.7020 0.6694
448 0.6983 0.6278
0000 1.0000 1.0000
088015 0.9326 0.9426
50 %0 .8723 0.9196 0.8933
%S5 52 0.8546 0.8581
993 0.7222 0.7421
0.7944 0.7009 0.6964
0000 1.0000 1.0000
.9708 0.9545 0.9539
Synthetic 70 . 9668 0.9201 0.9119
Fiber .9017 0.8857 0.8889
.8446 0.7873 0.7590
.8340 0.7534 0.7398
.0000 1.0000 1.0000
< .0024 0.9893 0.9582
8 Olhat $§927 0.9797 0.9258
- L A e e 0.9487 0.9107
H2 0.8842 0.9072
ms486 0.8711 0.8852
~0000 L0000 1.0000 1.0000
0 9472 0.9363 0.9322 0.9718
= 0.8848 0. 8725 0.9559
0.8585 0.8848
ﬂumﬁgﬂjﬁmm
0.7848 0.8113
il 0000 1.0000 1 0000 1.0000
0,932 4i=m i 9626 0.9836
Pumic ﬂ ﬁ gf] 0.9813
Stone 0.9416
0 0.7878 0 8437 0.8575
100 0.7452 0.7522 0.8154 0.8435
0 1.0000 1.0000 1.0000 1.0000
20 0.8772 0.9564 0.9206 0.9534
80 40 0.8169 0.9177 0.9042 0.9436
60 0.7741 0.8717 0.8785 0.8909
80 0.7654 0.8232 0.8715 0.8860
100 0.7599 0.7990 0.8657 0.8725
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Table 4.6 Demulsification rates of flowing through a
packed column experiments.

Demulsification rate (K)

Media Temperature Flow velocity (mm/sec) Gravity
0.12 0i.. 25 0.40 0.50 Separation

Palm 60 °C 0.0052 0.0083 0.0106 0.0118 0.0015
Fiber 70 °C 0.0046 0.0071 0.0075 0.0087 0.0015
80 °C 0.0035 0.0041 0.0047 0.0053 0.0016
Synthetic GOfC 0.0024 0.0026 0.0033 0.0035 0.0015
Fiber 70 °C 0.0016 0.0018 0.0027 0.0029 0.0015
80 "C 0.001 0.0012 0.0013 0.0013 0.001e6
PuNce 60 °C 0 0.0026 0.0021 0.0015
Stone 70 °C 0.0021 0.0015 0.0015
80 °C 0.0018 0.0015 0.0016

4.3 Effect of Cogz g Medi: \\emuls1flcatlon of

Palm Oil

Figures 4.2Q omparisons of each
coalescing medi OBty at different
temperatures. Ij : ed that palm fiber
1s a good coaleScCif 19GH Gt O am¥lsification of palm
0il. The rate o M ¥ f palm fiber is
higher than that qf Bs1fication by factors
of 2.2 to 7.9. S and pumice stone show
only a slight 1mprova' i es of demulsification
than gravity Sgp 1 and afes are many times
lower than th¥ vmwi results from
previous sect '..1m fiber has
higher relat1v-|wet ap , an otk ,r media.

Media et al (1976) studied the influence of

packing w nular packed
bed coale yﬂg wg f]]gimoval ability

increased With 1ncrea812g oil wettablllty of bed

“ERA aﬂammwa%mnaﬁm -

comparg many types of fiber in a flow through system.
They concluded that highly energetlc surface fiber
showed higher separation efficiency. Short fiber and
closely packed bed provided better separation results
than larger fiber and lower packing density bed.
Unfortunately, there is no comparison between granular
packing bed and fiber packing bed.



40

In this study, palm fiber is the packing medium
which shows very high wettability of palm oil over
water. When palm oil-in-water emulsion flows through
the packed bed of palm fiber, small droplets of palm
01l would easily attached on the surface of the fiber.
The attached droplets would then wet from film on the
surface of fiber and this film start to grow. A larger
droplet resulting from the growth of this film would
detach from the surface dug, to its destructive of the
main emulsion flow.
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OO0 000000000 OO

against flcow wolcoitw it 60 C

i
.011 FBPalm Fiber
.010 _HSyn ic Fiber

§;sw¥1w&mw §1N

Flow Velocity (mm/sec)

Figure 4.21 Comparisons of each coalescing medium
against flow velocity at 70 °C
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4.4 Effect of
Palm 0Oil

lsification of

Figures 4.23 rison of flow
velocity against cg Ll -ih.a different
temperatures It is OBEES ncreasing flow
velocity of emu181onﬂa?§ﬁﬁj' p, fiber packed bed
increases the =sa O The improvement

1s more pronoH HCCG 4T LOW Sperating € ‘ perature.
Increasing fla rough synthetic
fiber packed be“ s1TOneE PPetses ffihe rate of

demulsification whlle a reverse effect is observed on
pumice st

farts Eﬁgr Y dg;gqslwcmmce henonens

in a fibroug system He suggested that the
coalescence of water drdplet 1ﬂ‘ﬁxﬂcee thretigh there

e ARSI I ARG JR B o

downstream side of the filter. Increasing of flow
velocity of emulsion through fibrous bed would increase
the amount of droplets approaching the fiber which
inturns increasing the amount of droplets attached on
the fiber. The roughness of palm fiber surface helps
increasing ability of the droplet to easily attach and
collide while the smooth surface of synthetic fiber
slightly affect this ability.
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A reverse effect observed on pumice stone can be
explained using the work conducted by Li and Gu (2003)
studied coalescence of o0il droplets in oil-in-water
emulsions through fibrous and granular beds. They
found that the coalescence efficiency is not a
monotonous function of flow rate in the granular beds.
The coalescence phenomena for the granular beds may not
be adequately assessed by using the coalescence
phenomena in a fibrous filter bed system.

0.012
0.011 E20.12 mm/sec
o-010 | N0 15 mu/e
0.009 00.50 mm/sec
0.008 |
0.007 t
X 0.006 |
0.005 |
0.004 |
0.003 |
0.002 |
0.001 | II
0.000
iber Pumice Stone
Type
Figure 4.23 Compaais : & ow_velocity against
------------ 0 “C
0.012
P11 E0.12 mm/sec
Q.01 HB0.25 mm/sec
0008 ¢ o ot
0.008% . T
ool WL 1BNINYING
X 0.006% .
0,005 I ¢ =1 /s
s
IR
£<m2-
0.001 L
0

Palm Fiber Synthetic Fiber Pumice Stone
Media Type

Figure 4.24 Comparisons of each flow velocity against
coalescing media at 70 °C
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velocities. It is 4BbTed 4 the rate of
demulsification of e?gré T ing medium decreases
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Figure 4.27 Comparisons of each temperature against
coalescing media at flow velocity of 0.25 mm/sec
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Figure 4.29 Comparisons of each temperature against
coalescing media at flow velocity of 0.50 mm/sec
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