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Abstract. Chemical dispersants are universally used to overcome oil spill damages. However,
the toxicity related with chemical dispersants minimizes its usage as oil spill dispersants. Thus,
the employment of biodegradable and environmental benign dispersants in marine environment
is much needed. In this research, the capability of choline myristate [Cho][Myr] and choline
oleate [Cho][OI] were investigated to be used as oil spill dispersants. Results reported in this
study illustrates that by combining these two amphiphilies, an effective dispersion is achieved.
A maximum dispersion of 71 % was achieved by combining [Cho][Myr] and [Cho][OI] with an
optimal ratio of 60:40 (w/w). The dispersant to oil ratio (DOR) was 1:10 (v/v) at this optimal
combination. Further, by increasing the DOR the effectiveness increases and about 78%
dispersion is achieved at 1:1 (v/v). Moreover, the blend of [Cho][Myr] and [Cho][OlI] at 60:40
(w/w) ratio formed a stable emulsion than its single components.

1. Introduction

Several oil spills occurred in the past, for instance, in the year 2010 Deepwater Horizon (DWH) oil spill
occurred due to which about 4.9 million barrels of oil was transferred to the sea [1, 2]. Similarly, about
2000 barrel of oil was shifted to the Gulf of Mexico in the year 2000 [3]. In the same way Exxon Valdez
oil spill (in year 1989) released about 11 million gallons of crude oil to the Gulf of Alaska[4]. In
Malaysia, there remains a regular risk of oil spill and about 121 cases of oil pollution reported in between
the year 2009 and 2015[5].

When dispersants are applied, it reduces the interfacial tension between oil and water. The wave
action transfers the large oil slick to discreate droplets and the adsorbed surfactant molecules stabilizes
each droplet [6]. The stabilized oil droplets are dispersed through the water surface, and with the passage
of time most of the oil is degraded by ocean microbes [7].

The dispersant toxicity is one of the basic parameter to be considered before the employment of
dispersants to the sea environment [8]. Accelerated environmental awareness and strict rules has made
dispersants environmental compatibility a key factor in their applications [9, 10]. A blend of surfactants
is used in the recent research for overcoming oil spill damages [11, 12]. Although Corexit is the most
employed formulation in this regard, the components and solvent used in its formulation are
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nonbiodegradable and toxic. [13]. Therefore, various researches have endeavored to determine the oil
spill dispersant formulations as a replacement to the conventional toxic dispersants [14, 15].

Choline based ionic liquids has recently attracted plenty of attention of academia and researchers
[16]. They are used exclusively in various fields including; biomass pretreatment, carbon dioxide
adsorption and as demulsifying agent [16, 17]. In this research, the capability of choline-based
biocompatible ionic liquids (ILs) as oil spill dispersants were explored. Two choline based ILs,
[Cho][Myr] and [Cho][OI] (figure 1 A) and B)) were synthesized and combined with different
proportion using water as a solvent.

2. Experimental

2.1. Materials

The chemicals employed to synthesize the ionic ILs include; myristic acid (Merck, New Jersey, USA),
oleic acid (Sigma, St. Louis, Missouri, USA), and choline hydroxide (46 wt% water, Sigma-Aldrich, St.
Louis, Missouri, USA). The chemicals were used as supplied without any further purification.
Appropriate amount (about 1%) of salts were dissolved in distilled water to prepare synthetic sea water.
Crude oil emulsions were prepared by employing Tapis crude oil (provided by the Petroleum Industry
of the Malaysia Mutual Aid Group).

2.2. Synthesis of choline based ILs

A previously reported method was employed for the synthesis of [Cho][Myr] and [Cho][Ol] [18]. In this
method, the required acid was imparted to the aqueous choline hydroxide solution with a molar ratio of
1:1 at 25°C. The mixture was continuously stirred, and the reaction mixture was refluxed for 24 h at
80°C. The synthesized ILs were then dried in rotary evaporator (BUCHI, Switzerland) under vacuum
(80°C, 2 h). Figure 1 (A and B) representing the molecular structures of the synthesized ILs.
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Figure 1. Structure of choline based ILs A) Choline myristate B) Choline oleate.

2.3. Measurement of interfacial tension

The crude oil and synthetic sea water interfacial tension (IFT) was measured using the pendant drop
method (OCA20, Data Physics). In this method, the synthetic sea water was placed in a glass tube
followed by injection of dispersant crude oil mixture. The IFT was evaluated by drop shape analysis.
The IFT of the pure components as well as of the combined system were investigated by mixing
appropriate volume of the stock solutions of [Cho][Myr] and [Cho][Ol].

2.4. Baffled Flask Test (BFT)

The effectiveness of dispersant was determine using U.S.A Environmental Protection Agency (EPA)
revised protocol [19]. In the Baffled Flask Test (BFT), 120 mL of synthetic sea water was introduced in
the baffled flask. Then 100 pL of crude oil was gently dispensed onto the surface of synthetic sea water.
On the top of crude oil, 4 uL. dispersant was poured carefully so that the dispersant should not touch the
water first. This gives dispersant-to-oil ratio (DOR) of 1:25. Different DOR was obtained by varying
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the dispersant volume while keeping the oil volume constant. The solution was then mixed by placing
the flask in an orbital shaker (at 200 rpm) for 10 min. Allowing a settling time of 10 min, 30 mL sample
from the center of the flask was then taken and the dispersed oil in the aqueous sample was extracted
with dichloromethane (DCM). Absorbance readings at 340, 370 and 400 nm was recorded by utilizing
a spectrophotometric measurement. The dispersant effectiveness was calculated using equation

Eff(%) — Total (;(i)lilll)/i:iz;ersed % 100 (1)

poil = Density of Tapis crude oil
Vil = Volume of Tapis crude oil added to the test flask

2.5 Emulsions preparation

Crude oil emulsions were prepared by adding 1 mL of crude oil to 10 mL of synthetic sea water.
Appropriate amount of dispersant was added, and the sample was then placed on a vortex mixer for
3 min. After emulsion preparation, vials were placed on the benchtop for visual observation at room
temperature (25°C). Images were taken over a period of time to evaluate the stability.

3. Result and discussion

3.1. Interfacial tension

The IFT between sea water and crude oil were evaluated and the DOR was kept constant at 1:10 (v/v)
for all measurements. The IFT of pure and combined system of [Cho][Myr] and [Cho][Ol] are presented
in figure 2. It is expected that both [Cho][Myr] and [Cho][Ol] pack closely at oil water interface due to
favorable interactions between both the tails of [Cho][Myr] and [Cho][Ol]. As it can be seen that
[Cho][Ol] tail has one cis unsaturation and their existence ensures that the tail remain flexible and liquid
like at room temperature. Therefore, the flexible, bent tail of [Cho][Ol] may aid in the packing of these
molecules close to each other and results in low IFT compared to its pure components. This lower IFT
of the mixture as compared to its pure components is due to the synergistic interaction between the
molecules and this synergistic interaction was maximum at 60/40 (w/w) ratio of [Cho][Myr] and
[Cho][Ol] which resulted in least IFT (2.18 mN/m). Athas et al. [20] noticed a similar trend where the
IFT of the mixture (Lecithin and Tween 80) was less than individual components IFT, showing the
synergism between the components. [FT results presented in this research work illustrates the synergistic
behavior of the two components ([Cho][Myr] and [Cho][Ol]).
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3.2. Effectiveness of dispersant
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Figure 2. Interfacial tension of [Cho][Myr] and [Cho][Ol] at different
ratio (w/w) of two components at 25 °C.

The dispersants effectiveness was determined using BFT (as mentioned in section 2.4) and the results
are presented in figure 3 as a function of [Cho][Myr] and [Cho][Ol] (w/w) ratio. It was noticed that the
individual components exhibited less effectiveness as compared to the combined system. The most
effective dispersion was achieved at 60:40 ratio of [Cho][Myr]: [Cho][Ol]. At this optimal ratio 71%
effectiveness was observed. The IFT measurement (figure 2) between sea water and crude oil (DOR
1:10 (v/v)) revealed that low IFT is achieved at this ratio. The sharp decrease in IFT explains the
corresponding high effectiveness at this optimal ratio. Further, for [Cho][Myr]:[Cho][Ol] ratios other
than 60:40, results in high IFT, which accounted for the decline in dispersant effectiveness.
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Figure 3. Effectives of dispersant at different [Cho][Ol] and
[Cho][Myr] ratios. The DOR was kept constant at 1:10 (v/v) for
all combinations.

3.3. Dispersant oil ratio

The effectiveness of dispersant over a range of DOR are presented in figure 4. The dispersant consists
of 60:40 [Cho][Myr]: [Cho][Ol] (w/w), the most effective [Cho][Myr]: [Cho][Ol] ratio (figure 3). The
DOR used in this work include; 1:1, 1:10, 1:25, 1:50 and 1:100, and it was observed that the
effectiveness increased by increasing the DOR. The highest effectiveness of about 78 % was achieved
at 1:1 DOR. This high effectiveness at high DOR is due to the fact that small oil droplets formed at high
DOR, which are more stable compared to the larger oil droplets, hence resulting in high effectiveness.
The results presented in this work are in line with the previous study conducted by Nyankson et al. [21],
observed high effectiveness at high DOR.



ICPEAM2018 10P Publishing
IOP Conf. Series: Materials Science and Engineering 458 (2018) 012029 do0i:10.1088/1757-899X/458/1/012029

80
{ ]
70 ®
Y °
< 60
(7]
8
5]
>
£ 50
(D)
e
w o
40 -
[ J
30
T T T T T T T " T
1:100 1:50 1:25 1:10 1:1
DOR (v/v)

Figure 4. Effectives of dispersant at different DOR. The
composition of the components are 60:40
([Cho][Myr]:[Cho][Ol]) for all DOR.

3.4. Crude oil and water emulsions

Crude oil sea water emulsions were prepared by maintaining the oil water ratio at 1:10 (w/w) and
presented in figure 5. A dispersant oil ratio of 1:1 (w/w) was kept constant for all experiments. Results
presented in figure 5 are for three cases: [Cho][Myr] alone, [Cho][Ol] alone and a 60:40 ratio of
[Cho][Myr] and [Cho][Ol]. For the first two cases initially, a homogeneous brown coloured emulsion is
formed (at t = 0 min) after vortex mixing. However, after 30 min of vortex mixing the oil droplets rises
to the top by forming a distinct layer of oil above the aqueous phase, indicating that the emulsions in
both cases are unstable. In contrast, the emulsion prepared with 60:40 ratio of [Cho][Myr] and [Cho][Ol]
behaved differently. In this case, the emulsion formed at (t = 0 min) and after 30 min are almost identical
and there is no indication of oil separation from aqueous phase. Therefore, we can infer from visual
observations that blend of [Cho][Myr] and [Cho][Ol] formed a much stable emulsion and acted as an
efficient dispersant than either its stand alone components.

t =0 min t =30 min t=0 min t =30 min t=0 min t =30 min

Figure 5. Emulsification formed between crude oil and sea water (a) 100% [Cho][Ol] (b) 100%
[Cho][Myr] (¢) 60% [Cho][Myr] + 40% [Cho][Ol].
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4. Conclusion

In this study the choline based ILs were employed to combat oil spill issues. The most effective
[Cho][Myr] and [Cho][Ol] mixture ratio is 60:40 (w/w). A stable emulsion was observed at this ratio
compared to the individual components. At this optimal ratio, the dispersant effectiveness was 71 %
having DOR 1:10 (v/v). For ratio [Cho][Myr]:[Cho][Ol] higher/lower than this, effectiveness is
decreased by high interfacial tension. Furthermore, by increasing the DOR ratios the effectiveness
increases, and 78 % effectiveness is achieved at 1:1 (v/v). Moreover, instead of toxic organic solvents,
water was used as a solvent which will ultimately make it an environmentally benign dispersant.
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