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Abstract: Demulsification (emulsion breaking) 1s necessary in many practical applications such as the petroleum
industry, painting and waste-water treatment m environmental technology. Chemical demulsification is the most
widely applied method of treating water-in-crude oil emulsions and involves the use of chemical additives to
accelerate the emulsion breaking process. The effect of chemical demulsification operations on the stability and
properties of water-in-crude oil emulsions was assessed experimentally. Tn this regard, Amine Demulsifier,
Polyhydric Alcohol, Acid and Polymeric demulsifiers were used. Using samples of w/o, the data presented for
several commercial-type demulsifiers show a strong connection (correlation) between good performance (fast
coalescence) and the demulsifiers. The relative rates of water separation were characterized via bealcer tests.

The amine group demulsifiers promoted best coalescence of droplets. In contrast, polymeric demulsifier group

1s the least in water separation.
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INTRODUCTION

The breaking of emulsions (demulsification) is
necessary in many applications such as environmental
technology, pamting, petroleum industry and waste-water
treatments.  Methods  currently
demulsification can be broadly classified as chemical,
electrical and mechanical. Chemical demulsification 1s the
most widely applied method of treating water-in-o1il and

available for

oil-in-water emulsions and mvolves the use of chemical
additives to accelerate the emulsion breaking process.
The formulation of an emulsion demulsifier for a specific
petroleum emulsion is a complicated undertaking. In
petroleum system, asphaltenes and resinous substances
comprise a major portion of the interfacially active
components of the oil (Sjoblom et al, 1992;
Johansen ef al., 1989, Urdahl et af., 1992; Corbett and
Petrossi, 1978; Shiffert ef al., 1984).

Asphaltenes and resinous are large polyaromatic and
polycyclic condensed ming compounds containing
hetercatoms Urdahl et af. (1992) and Moschopedis ef al.
(1976). Chemically, asphaltenes and resins are represent
the pentane or hexane insoluble portion of the oil
Anderson and Bird, (1990, 1991), Moschopedis ez al.
(1976) and Ferworn et al. (1993). Understanding and
controlling demulsification is of primary importance for
breaking waste emulsions and for using emulsions in
industrial processes that require emulsion destabilization

as a main step. Anklam (1997) reported that in the oil
industry water comes into contact with crude oil on many
occasions, creating emulsions stabilized by various
components in the oil, including the asphaltenes and
resins. At drilling site, the recovered o1l will contain some
water and hydrophilic unpurities which need to be
removed before shipping and processing. The water
concentration may vary, but a target specification for
water and sediments removal may be 1% or less (Rowan,
1992).

There are many procedures for the neutralization and
reduction of the emulsifying agent has been used, for
example, Hemnessey et al. (1995) are used the gravity
separation, while electrostatic coalescence has used by
Bailes et al. (1997). Also centrifugal and filtration methods
mentioned by Lissant (1983) as techniques used for
breaking the emulsion.

This research conducted to study the influence of
chemical demulsifiers on the destabilization of emulsions.
results showed a strong comnection
between good performance  (fast
coalescence) and the demulsifiers.

Experimental
(correlation)

MATERIALS AND METHODS

In this study, four chemical demulsifiers, Amine
groups, Polyhydric Alcohol, Acid and Polymeric
demulsifiers were used for water-in-crude o1l emulsions
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demulsification. A 900 mI, graduated cylindrical glass was
used as sample contamer.

Sample preparations and procedures: The crude oil
samples were obtained from Petronas Refinery. A detailed
procedure for the w/o emulsion preparation and their
procedures, including the formulation of w/o emulsion,
their characteristics and the method of preparation is
thoroughly described in a previous research by
Abdurahman et al. (2006). Here the study merely
describes the main steps of the experimental procedure.
Water-in-crude oil emulsions were prepared at room
temperature with a standard three blade propeller at speed
of 1800 rpm. For w/o preparations, distilled water was
the phase (dispersed phase) and
as oil phase (continuous phase). The
surfactants used in this study for emulsion formulation
and stabilization were; Low Sulfur Wax Residue
(LSWR) and Triton X-100. The emulsifying agents
were used as received without further dilution
chemical demulsification performance study, water-in-

used as water

crude oil

For

crude o1l emulsions were prepared and tested. Four

groups of demulsifiers with different functional groups
were utilized in this paper namely, polymeric, polyhydric
alcohols, amines and sulphonate groups, respectively.
Demulsifiers used were listed in Table 1. The water
separation in percent was calculated as separation
efficiency (e) from volume of water observed in the beaker
as follows:

Volume of
separated

water, mL

(% water separated (e)) = x100) (1

Original volume
of water in

the emulsion, mL

The prepared emulsion was used to check for w/o
or o/w emulsions. All emulsions investigated were
found w/o emulsion (oil continuous). Table 2 and 3 show
the effect of amine group demulsifiers on crude oil
emulsion stability (% of water and o1l separation v/v),
respectively.

Table 1: The demulsifiers and their concentrations which were used in emulsions demulsification tests

Group Demulsifier Concentration (mole/T) HI.B Number

A/ Polymeric Polyethylene block PEG 800 8.30
Poly PO terminated 800 7.32
Polyethylene Oxide (PEQ) 600,000 0.2485 .80
Polyethylene Oxide (PEQ) 1000,000 0.2485 .88

B/ Polyhydric alcohols Polyethylene glycol (PEG) 600 0.2485 13.20
FEthylene glycol (EG) 0.2485 9.85
Propylene glycol (PG 0.2485 9.40
Polyethylene glycol (PEG) 1000 0.2485 16.00

C/ Amines Hexylamine 0.2485 6.98
Trioctylamine 0.2485 5.00
Dioctylamine 0.2485 6.75
Octylamine 0.2485 6.88
Pentylamine 0.2485 6.87
Propylamine 0.2485 6.86
Decylamine 0.2485 6.93

D/ Sulphonate Sodium di-2-ethylhexyl sulphosuccinate (AOT) 0.0013 13.65
Dodecy] benzene sulphonic acid (DBSA) 0.0013 7.35
Sodium dodecyl benzene sulphonic (NaDBS) 0.0013

Table 2: Effect of amine group demulsifiers on crude oil emulsion stability (®owater separation v/v)

Time (min) Decyl-amine (%) Octyl-amine (%) Hexyl-amine (%) Pentyl-amine (%0) Dioctyl-amine (%)

Trioctyl-amine %6)  Propyl-amine (%)

0 0 0 0 0
85 12 8 6 4
193 12 10 8 6
347 16 16 12 9
490 23 22 18 12
656 34 30 27 18
800 36 41 38 27
880 51 55 49 38
937 68 62 59 46
1050 78 67 64 57
1333 80 67 64 57
1600 80 68 64 58
1800 80 67 &4 57

0 0 0
3 0 0
4 2 0
6 4 1
9 6 3
13 9 5
19 11 8
28 15 11
34 22 15
46 30 25
44 30 28
43 31 25
43 30 25
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Table 3: Effect of amine group demulsifiers on crude oil emulsion stability (%60l separation v/v)

Time (min) Decyl-amine (%) Octyl-amine (%) Hexyl-amine (%) Pentyl-amine (%) Dioctyl-amine (%o)

Trioctyl-amine (%) Propyl-amine (%o)

0 0 0 0 0 0 0 0
85 15 11 8 5 6 3 1
193 23 19 16 11 7 6 2
347 31 28 25 17 12 9 6
490 44 36 31 27 21 13 10
620 57 47 43 316 30 23 18
687 65 58 52 43 36 29 23
733 73 66 60 50 42 37 20
937 84 73 69 61 54 43 38
1050 86 75 74 68 58 47 39
1333 87 77 74 68 58 47 39
1600 87 77 74 68 58 47 39
1800 87 77 74 68 58 47 39

RESULTS AND DISCUSSION factor of amine which acts as flocculants in adsorption

and mteraction activities. These molecules act more

Figure 1-3 shown some typical results of  slowly due to their lower diffusivities and more effective

demulsification experiments conducted to test the
influence and performance of the amine group
demulsifiers on the crude oil emulsion stability. The
stability of the emulsions was determmed visually by
measuring the water and oil separation from emulsions at
30°C as a function of time. After about 2% of amine, the
separation of water and oil are stagnates. Figure 1 and 2
shows separation of water and oil from water-in-oil
emulsions as a function of time, respectively. As shown
inFig. 1 and 2, all amine groups showed the water and oil
separations. This could be attributed to a very specific
mteraction between the amine added and the naturally
occurring constituents i the interfacial film.

As shown in Fig. 1, after 85 min, the amount of water
separated from the emulsion for decylamine, octylamine,
hexylamine, pentylamine and dioctylamine were found as
12, 8, 6, 4 and 3%, respectively. After a prolonged
duration (1085 min), decylamine separated highest
percentage of water separation (80%), followed by
octylamine (67%), hexylamine (64%), pentylamine (57%),
dioctylamine (43%), trioctylamimne (30%) and propylamine
(25%), respectively. After 1050 min, there was no further
water separation observed in the entire sample tested.
Figure 2, shows the o1l separation from water-in-oil
emulsions through the addition of amme group. It was
found that the percentage of oil separated achieved the
maximum values, in the descending order of decylamine
(87%), octylamine (77%), hexylamine (74%), pentylamine
(68%), dioctylamme (58%), trioctylamine (47%) and
propylamine (39%), respectively.

From the results, the amine group demulsifiers on
crude o1l emulsion stability can be arrange as: decylamine
has highest separation capacity (87%), followed by
octylamine (77%), hexylamine (74%), pentylamine (68%),
dioctylamine (58%), trioctylamine (47%) and propylamine
(39%). The observed descending sequence of amine
demulsifier efficiency was due to high molecular weight
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1in removing remaining small water drops and tight, fine
emulsions once most of the dispersed phase has been
removed by the water droppers. Figure 3 depicts the
influence of decylamme demulsifier on crude o1l emulsion
stability for crude oils, A, B, C and D. In this regard, crude
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Fig. 1: The influence of amine group demulsifiers on crude
o1l emulsion stability (percentage of water
separation)
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oil D (Miri) produced the highest percentage of water
separation (80%). Followed by crude o1l A (74%), crude o1l
B (67%) and Crude oil C (63%). Based on solubility
properties, pentylamine, propylamine, dioctylamine and
trioctylamine are insoluble in water but they are soluble
in less polar solvents such as benzene, alcohol and
ether. However, decylamine, octylamine and hexylamine
are slightly soluble in water due to their hydrophobic
chain, which is shorter than of the pentylamine and
dioctylamine.

The mfluence of polyhydric alcohol demulsifiers on
crude oil emulsion stability also studied. Table 4 shows
the effects of polyhydric alcohol demulsifiers on crude oil
emulsion stability. Figure 4 and 5 shows the separation of
water and oil from water-in-oil emulsions as a function of
time, respectively. All polyhydric alcohols (polyethylene
glycol PEG 1000), polyethylene glycol PEG 600, ethylene
glycol EG and propylene glycol PG are aliphatic alcohol
compounds which contain two hydroxyl groups as their
functional groups. As illustrated 1n Fig. 4, the PEG 1000
and PEG 600 are able to separate water from the emulsion.
Tn this regards, their water separation found as PEG 1000
(46%) and PEG 600 (40%), respectively. While for EG and
PG, there was no separation of water. The percentage of
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Fig. 3: The influence of Decylamine demulsifier on crude
oil emulsion stability (percentage of water
separation)

oil separation is shown in Fig. 5. As shows in the Fig. 5,
all polyhydric alcohol demulsiers are ablem separating
oil from the emulsion. After 30 h (1800 min), the
percentage of oil separated for each demulsifier can be
arranged as follows: polyethylene glycol PEG 600 has the
highest separation (58%), followed by polyethylene
glycol PEG 1000 (55%), ethylene glycol EG (25%) and
propylene glycol PG (15%).
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Fig. 5: The influence of polyhydric alcohols group on

crude oil emulsion stability (Percentage of oil
separation?o)

Table 4: Effects of polyhydric alcohol demulsifier on emulsion stability: water separated, % (v/v)

Time (min) Polyethylene glyco IPEG 1000 Propylene glycol (PG) PEG 600 Propylene glycol PG
0 4 0 2 0
85 12 0 7 0
193 21 0 14 0
374 25 0 18 0
490 33 0 20 0
656 35 0 26 0
800 41 0 30 0
880 45 0 37 0
937 46 5 40 0
1058 46 7 40 0
1333 46 7 40 2
1600 46 7 40 2
1800 46 7 40 2
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Based on the solubility properties, the water
solubility of alcohols can be explained as; low molecular
welght alcohols are water soluble such as methanol and
ethanol. However, four carbon alcohols and higher, have
much lower water solubility. This can be explained by
considering the way that water molecules can disperse
solute molecules into a solution. The polar water
molecules are attracted to the hydroxyl group by
hydrogen bonding that occurs between the hydrogen of
water molecules and the oxygen in the alcohol molecules.
As the hydrocarbon portions of the alcohol become more
extensive, they would be in a lugher molecular weight.

The influence and effectiveness of emulsion breaking
between the amine group demulsifiers and polyhydric
group demulsifiers can be compared in terms of their
ability in separating the water and oil from emulsions.
From experimental results obtained in this paper, it was
found that the amine demulsifiers were more effective in
emulsion breaking than polyhydric demulsifier group.
There were no water separations for EG and PG in
polyhydric demulsifiers and maximum water separation
from this group found to be 46 and 40% for PEG 1000 and
PEG 600, respectively. In contrast, the water separations
mn amine demulsifiers were in the range 25 to 80%. The
maximum amount of water separation was 80% in the case
of decylamine followed by octylamine 67%, hexylamine
64% and propylamine 25%. From literature view point,
both functional groups of amme and polyhydric alcohols
have the hydrogen bonding ability. However, from these
results, it may be concluded that, the amine demulsifiers
for hydrogen bonding in much stronger than polyhydric
alcohols demulsifier groups. The affect and performance
of acid demulsifier group in separation of water and oil
from emulsion also studied. Six acid demulsifiers were
tested separately and their performances were compared.
This group involves formic acid, pentanoic, butanoic,
hexanoic, heptanoic and octanocic acid. The percentage of
both water and oil separation as a function of time is
shown in Fig. 6 and 9, respectively. Figure 6 shows the
best performance m terms of total amount of separated
water achieved with butanoic acid (42%), followed by
formic acid (38%). In the case of octanoic acid demulsifier,
it showed quite a long time of mduction where no
separation was observed (approximately 800 min), but the
maximum amount of water separated after 1800 min is
(40%) was very close to that observed with butanoic acid
(42%). In the case of hexanoic, pentanoic and heptanoic,
there were no separation of water before 800 min, but after
800 min, the separation f water obtained were 2, 2 and 1%,
respectively.

Comnsidering the amount of separated water after 800
min of test, the classification of the demulsifiers n terms
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of  decreasing efficiency is therefore the following:
butanoic>formic>octanoic>hexanoic>

pentanocic>heptanoie. The specific behavior of octanoic
acid demulsifier encouraged, further to be undertaken to
perform some tests on acid blends. Fig. 7 shows the
structure of the octanoic acid, which has the molecular
formula as examination CH, (CH,); COOH and molecular
weight of 144.21. Figure 8 shows the efficiency of
separation of blended butanoic/octanoic, formic/octanoic
and hexanoic/octanoic (50/50 w/w). As shown in Fig. &,
the performance of blended demulsifiers was better than
the single demulsifier. The water separation for the
blended demulsifiers was found to be: butanoic/octancic
(50%), formic/octanocic (48%) and hexanoic/octanoic
(38%), respectively. This may be attributed to the
presence of the low molecular weight octanoic acid which
effectively increases the efficiency of water separation
compared to the performance of each demulsifier used
alone.

The percentages of o1l separation from acid
demulsifiers as a function of time are shown in Fig. 9. As
show, all acid demulsifiers permit oil separation. The
maximum percentage was given by butanoic acid (50%)
after 1340 mm, followed by formic acid (38%). The
minimum percentage of water separation was given by
heptanoic acid (27%) after 1340 min in comparison to
polyhydnc demulsifiers group, acid demulsifiers were less
1 terms of both water and o1l separations.

CONCLUSIONS

Water-in-crude o1l emulsion has great importance in
the oil industry. Chemical demulsifiers thoroughly
mvestigated for breaking water-m-oil emulsions (w/o).
From experimental results obtained in this research, it can
conclude that, Amme demulsifiers group were more
effective in emulsion breaking than polyhydric and acid
demulsifiers. Decylamine demulsifier is the best in terms
of separation both water and oil from emulsion. It
obtamed 80% water and 87% oil, respectively.
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