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ABSTRACT

Chemical dispersants are offen used to disperse spilled oils, which threaten to pollute shoreline areas. In Indonesta
all dispersants produced or marketed should undergo the toxicity test with regand fo certain types of fish to determine the
threshold limit, LC-50. The type of surface active agent (surfactants) and the solvent used in the dispersants, which
determine the dispersing guality, might be taxic fo the marine species and bacteria

In order to evaluate the toxic properties of the dispersants from their LC50 s value, the compasition of the dispersants
should be understood. The key components of a dispersant are one or more surfactants that contain molecules with both
waler-compatible (hydrophilic) and oil comparible (lipophilic) portions. The charge lype of the dispersant determines the
classes of the surfactant molecule, which are anionic, cationic, nomonic and amphoteric. Early dispersant formulations
were derived from engine room degreasers, which were highly taxic. In recent formulations non aromatic hydrocarbon
solvents ond less toxic surfoctanis have been used

The exact details of dispersant formulations are proprietary. Nevertheless an analytical approach could be used o
develop an analytical method or technigue for the identification of dispersant formulation or compasition. This paper
describex an analytical method, which was developed using distillation technigue o separate solvent fram the surfactan!
followed by chromatographic analysis fo the seporated fractions. Capillary Column Gas Chromatography (GC) war used
to determine the number of the components, Column Chromatography as well as Thin Layer Chromatography (TLC) were
used to collect the separated fractions which are followed by the identification of the component using Fourier Transform
Infrared Spectrophotometry (FTIR). The technigues have been used successfully for the composition identification of

both oil and water base dispersants.

L INTRODUCTION

Chemacal dispersants are often used (o disperse spilled
oils, which threaten to pollute shoreline areas. In Indonesia
the use of oil spill dispersants is controlled by the Direclorate
General of 0il and Gas. All dispersants produced or
marketed should undergo the toxicity test. This toxicily lest
is conducted with regard to certain types of fish 1o determine
the threshold limit, LC-50, of dispersants (Prasetyo, 1990).

It is generally assumed that the cnteria for a good oil
dispersant s adequate dispersing qualitics. Dispersing the
ol throughout the water column 1o increase its surface area
should accelerate biodegradation. Mot only is the oil made
more readily available to microorganisms, bul movement
of emulsion droplets through a water column makes oxygen
and nutrients more readily available to microorganisms,

On the other hand, the type of surface active agent and
the solvent used in the dispersant which determine their
dispersing quality might be toxic. In order to evaluate the
toxic propertics of the dispersants from thesr LC-50s value,
the compaosition of the dispersants should be understood.

The exact details of dispersant formulations are proprictary.
Nevertheless, an analytical approach could be used to
develop an analytical method or technique for the
identification of dispersant formulation or composition. This
paper describes an analytical method, which was developed
using distillation technique to scparate solvent from the
surfactant followed by chromatographic analysis to the
separsted fractions. Capillary Column Gas Chromatography
(GC) was used to determing number of the components.
Column Chromatography as well as Thin Layer
Chromatography (TLC) were used to collect the separated
fractions which are followed by the identification of the
component using Fourier Transform Infrared

Spectrophotometry (FTIR).

IL. DISPERSANT COMPOSITION

The key components of a dispersant are onc or more
surfactants that contain molecules with both waler-
compatible (hydrophilic) and oil compatible (lipophilic)
portions. Most formulations also contain a solvent to reduce
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viscossty and facilitate dispersal. The behavior of o surfactant
is strongly affected by the balance between the hvdrophilic
and lipophilic groups in the molecule (defined ns HLB,
hydrophile-lipophile balance ) which has range from | (most
lipophilic) to 20 (most hydrophilic). The charge type of the
dispersani delermines the classes of the surfactant molecule,
which are anionic, cationic, nonionic and amphoteric.
Anionic surfactants include sulfosuccinate esters, such as
dioctyl sulfosuccinate, Cationic surfactants arc the
qualernary ammonium salt, but such compounds are often
toxic to many organisms and are nol currently used o
commercial dispersant formulations. Nomiomie surfactanis
are the mosi common surfaciants used in commercial
dispersani: formulalions, such as sorbitan monooleate,
polvethylene glvcol esters of unsaturated fatty scid and
ethoxvlated or propoxylaied faity alcohol Amphoteric
surfactants contain both positively and negatively charge
groups with both quarternary ammonium group and a
sulfonic acid group. Such compounds, however, are not found
in current commercial formulations.

Early dispersants formulations were derived from engine
room degreasers and some were highly loxic To reduce
loxicity, non-aromalic hydrocarbons (or waler-miscible
solvents such as ethylene ghveol or ghycerol esiers), as well
a5 less toxic surfoctant, have been used in more recent
formulations. A blend of surfactants with differemt HLB
giving a result of 12, will be more effective than a similar
quantity of a single surfactant with HLB of 12. A review of
the patent lilerature indicates thal a hmited number of
surfaciant chemicals are used in the dispersanis formulabons
most widely available ioday, The exact details of dispersani
formulations are proprctary but the chemical characteristics
of these formulahons are broadly known. Thus modern
dispersant formulations containing one or more nonONIC
surfactants (15 - 75 %) may contnin an amonic (5 - 25 %)
surfactants and include one or more solvenis. Nonionic
surfactants which are normally used are sorbitan esther of
oleic.or laurie scid, ethoxylated and propoxyvlated farty
aleohols, and ethoxviaied octviphenols, while anionic
surfactants could be sodium diocty] sulfosuccinate and
sodium ditnidecanoy] sulfosuccinnie,

Dispersant formulanion also contains solvent to dissolve
solid surfactant and reduce viscosity so that the dispersant
can be spraved uniformby. The three main classes of salvents
are: (1) water, (2) waler-miscible hydroxy compounds, and
{3} hydrocarbons, Aqueous solvenis permist surfactants o
be applied by reduction into a water stream. Hydrocarbon
solvents enhance mixing and penctration of surfactant into
asre cthylene glveol mono-butyl ether, dicthylene ghyeol
mono-methy] ether, and diethvlene glveol mono-butyl ether.
An example of a hydrocarbon solvent is a low aromatic
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kerosene. High boiling solvents containing branched
saturated hyvdrocarbons are also used since they are less
toxic than aromatics.

Surfacianis are used for many purposes other than
ireating oul spills; and their degradation in the aqueous
environmeni has been a concern since the 1950°s, when
synthetic alkyl beneene sullonate (ABS) delergenis were
found to be resistant to biodegradation and produced
persistent foam on waters receiving domeslic sewage
efMuent. This problem was solved by replacing the ABS
detergents with more readily biodegradable surfactanis. The
fate of solvents used in dispersant formulations might also
be of concern. Hvdrocarban solvenis are similar o portions
of the oil being dispersed and tend to suffer o simular fate.
Glvecol ether solvents are likely to be more readily

bindegradable than the oil being dispersed

Il LABORATORY EXPERIMENTS

The analvtical approaches wsed for dispersant
compasition identification are summarnized in Figure | and
are described in detail in the followings

A Distillation

Solvent of the dispersant was separated by distillation
The distillate and the residue were then examined by
infrared spectral analysis to determine the surfactant
composition and type of solvent.

B. Infrared Speciral Anuelysis

Infrared spectral analysis was performed using Founer
Transform Infrared Spectrometer, FE-1 710, equipped with
the Diata Siation enabling the comparison of the specira

through compuier

B TILLATION
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C. Gras Chromatography

Gias chromatography method was used for identifying
type of the solvent after separating by distillation technigue
Operating condition for gas chromatography are as follows

5PB-3 (3% dipheny| and 95% dimethyl
polysylocsan) 30 M x 0.25 mm, 0,23, jpm
film
Tempemture - injector 180 °C
detector (FID 300 "C
coboumn 45 °C fior 140 minutes (imitial)

5 *C/minute | programmed )

300 °C for 50 minutes [final)

: Nitrogen, 1.8 mL/minute.

Column

Carmer gas
. Thin Layer Chromatography (TLC)

TLC was used for separating the surface active agents
in the residue. Silica gel of 1.5 em wis used and several
solvent with increasing order of polanty: hexane, benzene,
iolugne, butanon, carbon tetra chlonde, ehloroform,
isopropancl, ethanol and water. Detection of the spot wis
perfomnmed using solution of ioding in methanol.

E. Column Chromatography

Crliss column having | em intemil dinmeter containing
+ 40 gram silica was used for separating the residue.
According o the TLC results, elution for water base
dispersant {dispersant A} was 0 mgture of butanon-water
2:1. while for oil-base dispersant (dispersant B) was iso-
propanal. The eluates were then evaporated and the residues
were examined by FTIR.

IV. RESULTS AND DISCUSSIONS
Drestilbntion process of the dispersints resulted distillntes
and residucs having properties as shown in Table |

A Distillate Examinaiion

[nspersant A has a boiling point of 100 *C representing
wiiler s o solvent, while dispersant B shows s boiling range
of 180 - 295 *C which need further examination for solvent

Tabile 1
Distilates and residues of the dispersants
Dispersant & | Dispersant B
1 |water-base| ioil-basel
Cratitate colour discolour yellow
Residues calowr yelow yaliowish-brown
Inilial beding paint, *C 100 180
Final boshng paint, °C _i0 285

identification. This could be done either by infrared or gas
chromatography analysis.

Infrared analysis of the salvent of dispersant A shows
i O~ group which exhibit at 3300 cm© and imier molecular
hydrogen bonding ot ~ 1650 cm ' (ef.Figure 2).

Infrared spectra showing such absorphion bands indi-
cate the existence of water and this 15 confirmed with iis
boiling point. Absorption bands of the dispersant B mo-
lecular groups of methyl <CH, and methylene -CH_- at
2952 em', 1458 cm' and 1373 ¢cm (ef. Figure 3}

Such absorption bands mdicate strongly the presence
of hydrocarbon solvent, which can be examined further
using gas chromatography method to classify the hydro-
carbon components. Figure 4 shows a chromatogram of
the distillate of dispersant B, which shows normal alkane
peaks having atom carbons mnging from C to C, . These

:

Figure 2
Infrared spectra of the distillate of dispersant &
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Figura 3 {

Infrared spectra of the distillste of dispersant B
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Figure 4
Chromatogram of the distillate of dispersant B
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Flgure 5
Infrared spectra of the residue of disparsant A
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Figure &
Infrared spectra of the residue of dispersant B

alkanes correspond to kerosene fraction and are confirmed
with its boiling range of the distillate.

B. Residue FEvaminafion

Infrared spectral analysis of the residues are presented
in Figure 5 nnd Figure 6 for dispersant A and dispersant B
respectively, Thin layer chromutography (TLC) analysis
of the residues show a complex mixture for dispersant A,
while there is less components for dispersant B (cf. Figure
7). The residue of dispersant A was estimated contains o
mixture of polimers having smill diferences of molecular
weights regarding that the spots were close 10 eich other,
The long spot at the beginning was probably s mixture of
polimers having similar degree of polanty. The residue of
dispersant B which shows several spots could be assumed
as amixture of several components. This mixture could be
identified using infrared spectral analysis afier treating
through chromatography column, Figure 8 and Figure 9 rep-
resent the infrared spectra of the separated fractions of dis-
persant A and dispersant B, respectively.

Severnl chromatographic fractions were collected and
analyzed by FTIR. For dispersant A there was ane fraction,
i.e. second fraction (cf. Figure #a) which shows a differem
infrared spectra comparing to the other fractions. All other
fractions, except those mentioned above have simillar in
rared spectra (cf. Figure 8b). The second fraction of dis-
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persant A was identified as castor oil, while all other frac-
tions were cthoxylated castor oil. Both castor o1l and
ethoxylaied castor oil are used ns non-ionic surfactants, Ces-
tor oil spectra in the second fraction was probably an
indication of the residual castor ol which did not undergo
complete process of ethoxilation. Hydrophilic groups of
duspersant A is represented by carboxyl and hydroxyl groups
of the molecule, while lyvpophilic groups are represented by

long chain of CHIa of the polyoxyethylens,

Infrared spectra of the separated fractions of dispersant
B do not show different wavenumbers to each other (ef
Figure %b), except for the first fraction, which shows similar
spectra to the solvent (Figure 9a). The infrared spectra were
dominated by the C nlnd-CHz-p-nupiindiultin;llmg
chain of methviene, is also an indication of hydroxyl
group representing a bong chain of alcohol compounds. Such
compounds have been used as detergents and surfactants,
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Figurs 8.
Infrared spectra of the separated fraction of
dispersant B

Y. CONCLUSION

The analyvtical approaches used in this experiment for
identification of surfactant compounds in the dispersant
utilize distillation technique 1o scparate solvent from the
dispersants. Boiling point as well as infrared spectra and
chromatography analvsis of the solvent indicate tvpe of the
solvent, which normally 15 water, palvethyvlene ghyeol or
hydrocarbon compounds, Identification of the residue needs
further separation techniques which are cither thin layer
chromatography or coloumn chromatography followed by
infrared spectral analysis of the separated fractions.

Although this analytical approach uses only two
analyiical methods, infrared spectrometry and gas
chromatography, the techniques have been used successfully
for the composition identification of both oil and water based
dispersants. More detail separation and more positive
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identification could be achieved by using sophisticated
techniques such as high performance liquid chromatography
(HPLC) and gas chromatography-mass spectrometry system
(GC-MS). These technigues need more attention and will
be used in next experimentation.
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