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Methods for monitoring for the presence of catalyst fines in heavy

fuel oil

Field of the Invention

The invention relates to methods for monitoring for the presence of catalyst fines in
a hydrocarbon composition, as well as to reagents and kits for use in such
methods. The invention particularly relates to methods of monitoring for the

presence of catalyst fines in oil such as heavy fuel oil (HFO) for marine engines.

Background

Long chain hydrocarbons present in crude oil are catalytically cracked to increase
the yield of valuable short chain hydrocarbons. Unfortunately, the cracking
catalysts cannot be completely recovered during the refinery process. As a result,
fuels obtained from refinery processes may contain residual catalyst particles

(known as catalyst fines or cat fines).

Catalyst fines are predominantly found in fuel oils, and in particular in number 6 fuel
oils or heavy fuel oils. Fuel oils are essentially the residue left behind after the
useful short chain hydrocarbons have been removed. Fuel oils are therefore the
heaviest commercial fuel that can be obtained from crude oil, i.e., heavier than

gasoline and naphtha.

It is generally accepted that there are 6 different classes of fuel oil, these are
detailed below. The boiling point and carbon chain length of the fuel increases with
fuel oil number. Viscosity also increases with number, and the heaviest oil has to

be heated to get it to flow.

Number 1 fuel oil is a volatile distillate oil intended for vaporizing pot-type burners.
The carbon chain length is typically between 9-16 carbon atoms. Number 2 fuel oil
is used either as a home heating oil or as fuel for automobiles, trucks, lorries etc..
The carbon chain length is typically between 10-20 carbon atoms. Number 3 fuel

oil is a distillate oil for burners requiring low-viscosity fuel. Number 3 fuel oil is now
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commonly blended with number 2 fuel oil. Number 4 fuel oil is a commercial
heating oil for burner installations not equipped with preheaters. The carbon chain
length is typically between 12-70 carbon atoms. Number 5 fuel oil is a residual-type
industrial heating oil requiring preheating for proper atomization. The carbon chain

length is typically between 12-70 carbon atoms.

Number 6 fuel oil is a high-viscosity residual oil requiring preheating to 104-127°C
for ignition. In this context, residual refers to the material remaining after the more
valuable fractions of crude oil have been evaporated. The residue usually contains
various undesirable impurities, including water, sulphur and catalyst fines. Number
6 fuel oil is also known as residual fuel oil (RFO), heavy fuel oil (HFO), by the Navy
specification of Bunker C, or by the Pacific Specification of PS-400. The carbon

chain length is typically between 20-70 carbon atoms.

As used herein, the term heavy fuel oil or HFO is referring to number 6 fuel oil or
any equivalent thereof. Because of the impurities present in HFO, it is very cheap.
In fact, it is the cheapest liquid fuel available. Since it requires heating before use,
residual fuel oil cannot be used in road vehicles, as the heating equipment takes up
valuable space and makes the vehicle heavier. Heating the HFO is also a delicate
procedure, which is inappropriate to do on small, fast moving vehicles. However,
marine vessels are typically capable of accommodating the heating equipment

necessary to use HFO as a fuel source.

Marine vessels are equipped with settling tanks and purifiers that should reduce the
concentration of catalyst fines in the fuel pumped aboard, which according to ISO
8217:2012 should be less than 60 ppm, to beneath the limit recommended by
engine manufacturers (15 ppm). Very significant damage can occur to engines if
they encounter higher concentrations of cat fines due to, for example, the use of
fuel that is not ISO compliant, problems with the fuel purifiers, or rough weather

kicking up fines from the bottom of the settling tanks.

Use of HFO as a fuel source is not limited to marine vessels, and historically HFO
has been used to power other large engines, such as those found in boilers on
steam locomotives, and in large or industrial buildings. HFO is also used to start

up boilers in many coal fired power plants.
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While there are obvious environmental concerns owing to the presence of residual
sulphur in HFO, the presence of catalyst fines is particularly problematic, as
catalysts fines are very hard particles that can cause significant damage to
engines. In particular, in marine vessels, catalyst fines can cause damage to the
cylinder liners. Monitoring for the presence of catalyst fines in HFO is therefore
desirable, as it can act as an indicator of the likelihood of damage by catalyst fines

from a particular batch of HFO.

Existing methods for detecting catalyst fines are either inadequate, expensive or
time consuming. For example, sophisticated equipment has been developed that
uses spectroscopy to determine the amount of catalyst fines passing into the
engines of the vessel. Examples are the NanoNord Catguard and the Maersk
Fluid Technology Sea-Mate M3000 Analyser, which use NMR and XRF
spectrometry respectively. However, the high cost (c.a. £50,000) of these
machines limits their usefulness. Moreover, such high accuracy methods are
overcomplicated; in general, the person in charge of the engine simply needs to

know whether there is a significant level of catalyst fines present or not.

It is therefore desirable to find a simple, low cost way to monitor for the presence of

catalyst fines in a hydrocarbon sample, particularly heavy fuel oil (HFO).

Summary of the Invention

In a first embodiment, the present invention is directed towards a method for
monitoring for the presence of catalyst fines in heavy fuel oil (HFO), said method
comprising:

a) providing a sample of HFO;

b) mixing the HFO sample with a diluent composition comprising a non-polar
solvent and with an aqueous reagent composition to provide a test sample, wherein
the aqueous reagent composition comprises at least one water soluble inorganic
salt and at least one water soluble base;

¢) allowing phase separation to occur in the test sample to provide an aqueous

phase and an organic phase; and
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d) inspecting the aqueous phase of the test sample for the presence of catalyst

fines.

In a second embodiment, the present invention is directed towards a diluent
composition consisting of a non-polar solvent selected from mineral spirits,
kerosene, naphtha, and heavy distillate (CAS # 64741-65-7) and a phase transfer
agent selected from tripropylene glycol monomethyl ether, ethylene glycol, propyl

alcohol, isopropyl alcohol and butanol.

In a third embodiment, the present invention is directed towards kits for use in the
present invention and to the use of said kits to detect the presence of catalyst fines
in heavy fuel oil (HFO).

Figures

Fig. 1 is a photograph showing the results of applying the test method of the
invention to HFO samples that contain O ppm, 50 ppm, 100 ppm, and 200 ppm of

catalyst fines respectively.

Fig. 2 shows an adapted centrifuge tube which may be used in the method of the

invention.

Detailed description of the invention

The present invention provides a method for monitoring for the presence of
catalyst fines in a sample of heavy fuel oil (HFO), and reagents and kits for use in
the same. By establishing the presence or absence of catalyst fines, and
optionally also determining the rough amount of catalyst fines present in the HFO
sample, action can be taken to mitigate damage which may be caused by these

fines.

The terms “catalyst fines” and “cat fines” are used interchangeably herein.
Catalyst fines, as indicated above, are particles of catalyst (typically 1-75 pm in
diameter) that are left behind after cracking of crude oil. Zeolites are microporous,

aluminosilicate minerals commonly used as commercial adsorbents and catalysts.
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In particular, zeolites make excellent cracking catalysts because they have a well-
defined porous structure with a large surface area that can be readily chemically

modified. Thus, catalyst fines are usually zeolite particles.

The concentration of catalyst fines as used herein (and as generally quoted in the
art) is the combined mass of aluminium plus silicon within a sample. According to
ISO 8217:2012 for marine fuels, the combined mass of aluminium plus silicon in the
fuel should be less than 60 ppm. However, engine manufacturers recommend that
the presence of Al+Si does not exceed 15 ppm. It is important to note that when
catalyst fine concentrations are quoted herein or in the art, they are actually
referring to the sum of the aluminium and silicon contained within sample; the
actual particle concentration [in ppm] will be much higher, as zeolites contain atoms
other than Al and Si. For example, a combined Al+Si mass concentration of 60
ppm roughly corresponds to a particle concentration of 200 ppm (i.e. 200 mg of

catalyst fine particles per kilo of HFO).

The various compositions and steps which are involved in the method of the

invention will now be described in more detail.

By “refinery process” is meant a process in which hydrocarbons are separated
using fractional distillation and/or converted using heat in processes such as

thermal cracking.

As noted above, the method of the invention finds particular use for detecting
catalyst fines in heavy fuel oil (HFO) for use in combustion engines, particularly

combustion engines on marine vessels.

By “marine vessels” is meant ships and boats. A “marine engine” is therefore a

combustion engine on a ship or boat.

In theory, a diluent composition may not be needed if it is possible to mix the
sample of HFO with the aqueous reagent composition to allow separation of the
catalyst fines. However, this can lead to inaccuracies as HFO is particularly
viscous. Due to the high viscosity of heavy fuel oil, it is physically incapable of

mixing with the aqueous reagent composition in a reasonable timescale and
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without significant input of energy (such as by agitation, heating or sonication).
Thus, while the method of the invention could, in theory, be carried out without a
diluent composition being present, some other step would then be necessary to get
the aqueous reagent composition to mix sufficiently with the HFO. This increases
both the complexity and cost of the method, and is therefore disfavoured. Instead,
a relatively small amount of HFO may be used in combination with a diluent
composition, such that the test sample contains majority of aqueous reagent

composition and diluent composition.

The diluent composition comprises at least one non-polar solvent, which reduces
the viscosity of the heavy fuel oil rendering it capable of being mixed with the
aqueous reagent composition and allowing subsequent separation of the test

sample into two phases, an aqueous phase and an organic (non-aqueous) phase.

The diluent composition may be combined with the heavy fuel oil prior to mixing
with the reagent composition to form the test sample. Alternatively, the diluent
composition can be added to the aqueous reagent composition prior to addition of
the heavy fuel oil. Alternatively, the diluent composition, reagent composition and

heavy fuel oil can be combined simultaneously to form the test sample.

By "non-polar solvent" is meant a solvent with a low dielectric constant, preferably
with a dielectric constant below 5. As used herein, the dielectric constant is

measured at 25°C, for example using a BI-870 from Brookhaven Instruments.

Suitable non-polar solvents include aliphatic hydrocarbons, aromatic hydrocarbons
and ethers, with aliphatic hydrocarbons, aromatic hydrocarbons and mixtures

thereof being preferred.

The non-polar solvent preferably has relatively low volatility, flammability and
viscosity. Therefore, highly volatile aliphatic hydrocarbons such as pentane and
low boiling petroleum ethers are less preferred. Thus, while such solvents
generally work perfectly well, on a practical level they are less favourable to work
with due to safety concerns which inevitably arise when using volatile and

flammable solvents.
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Preferred non-polar solvents include petroleum distillates, such as mineral spirits,
kerosene, naphtha, and heavy distillate (CAS # 64741-65-7), with naphtha and
heavy distillate being particularly preferred. It is also preferred that the non-polar

solvent does not consist solely of or comprise toluene.

When carrying out the method of the invention, sufficient diluent composition
should be used to dilute the heavy fuel oil (i.e. reduce its viscosity) enough to allow
mixing with the reagent composition, and thereby allow the cat fines to move out of

the organic phase and into the aqueous phase.

Sufficient diluent composition should be used such that the organic phase will float
above the aqueous phase. In general, heavy fuel oil has a density slightly lower
than 1 g/cm®, and will therefore float on water. However, some samples of HFO
can have a density slightly higher than that of water. In such cases, sufficient
diluent composition should be added such that the organic phase will float above

the aqueous phase.

However, excessive amounts of diluent composition will make the method more
cumbersome and increase costs, both in terms of needing to purchase more
diluent composition, and the costs associated with waste disposal. For this
reason, the amount of diluent composition used in the method of the invention is
preferably between about 1 ml and about 100 ml, more preferably, between about

2 ml and about 50 ml.

Similarly, to reduce costs the amount of heavy fuel oil (HFO) used in the method of
the invention is preferably relatively small. Thus, the method of the invention is
generally carried out using a sample size of up to 10 ml of HFO, for example
approximately 5 to 6 ml. This sample of HFO may be removed from a batch using
any suitable sampling means. For example, particularly if the HFO is slightly

warmed, sampling via syringe may be possible.
The reagent composition comprises water and is aqueous (i.e. water constitutes at

least 50% by volume of all of the liquid in the reagent composition). The reagent

composition additionally comprises at least one water soluble inorganic salt and at
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least one water soluble base. Due to the presence of the at least one water

soluble base, the reagent composition has a pH of 7.5 or above.

There is no particular limitation on the type of water that can be used in the regent
composition. However, for improved reliability and consistency between tests, use

of deionised or distilled water is preferred.

There is no particular limitation on the nature of the at least one inorganic sailt.

However, it must be soluble in water. The presence of the salt increases the ionic
strength of the aqueous reagent composition. The higher the ionic strength of the
reagent composition, the greater the tendency for the aqueous phase to separate

from the organic phase in the test sample.

It is also preferable that the at least one inorganic salt does not impart any colour
to the aqueous phase. This is not because coloured salts will not work but merely
for practical reasons, as the presence of highly or dark coloured salts may make
the results of the test more difficult to see. For ease of handling and disposal, use
of non-toxic salts is also preferred. Thus, preferably the cation of the inorganic salt

is not a heavy metal such as cadmium, mercury, lead or arsenic.

The at least one water soluble inorganic salt is preferably a nitrate salt, a sulfate
salt other than calcium sulfate, a halide salt other than a silver halide, sodium

carbonate or potassium carbonate.

More preferably, the at least one water soluble inorganic salt is a nitrate salt of a
non-toxic metal, a sulfate salt of any non-toxic metal other than calcium (calcium
sulfate is insoluble in water), a halide salt of a non-toxic metal (but not a silver

halide), sodium carbonate or potassium carbonate.

For commercial reasons, use of lower cost salts is generally preferred. Thus, the
water soluble inorganic salt is preferably one or more salts selected from the group
consisting of magnesium sulphate, ammonium sulphate, sodium carbonate,
potassium carbonate, sodium chloride and potassium chloride. Use of sodium

chloride as the water soluble inorganic salt is particularly preferred.
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There is no particular limitation on the nature of the at least one water soluble
base. However, as with the inorganic salt discussed above, for practical reasons
the water soluble base preferably does not impart any colour to the aqueous phase

and is non-toxic.

Without wishing to be bound by theory, it is thought that the presence of the water
soluble base in the aqueous reagent composition helps keep the walls of the lower
part of the separating vessel clear. In particular, these walls are kept free from oil
smears. Any oil that clings to the walls of the vessel below the water-line is
problematic as it can obscure the catalyst fines, making the test results difficult to

evaluate.

Preferred bases include oxides and hydroxides of non-toxic metals, as well as
carbonates and hydrogen carbonates of non-toxic metals. Preferably the water
soluble base is a hydroxide of a Group | or Group |l metal. More preferably, the
water soluble base is at least one base selected from the group consisting of
lithium hydroxide, sodium hydroxide, potassium hydroxide, magnesium hydroxide
and calcium hydroxide. Use of sodium hydroxide as the water soluble base is

particularly preferred.

A preferred aqueous reagent composition for use in the method of the invention
comprises distilled or deionised water, at least one water soluble salt that is
selected from the group consisting of magnesium sulphate, ammonium sulphate,
sodium carbonate, potassium carbonate, sodium chloride and potassium chloride
and at least one water soluble base that is selected from the group consisting of
lithium hydroxide, sodium hydroxide, potassium hydroxide, magnesium hydroxide

and calcium hydroxide.

A particularly preferred aqueous reagent composition for use in the method of the
invention comprises distilled or deionised water, sodium chloride as the water

soluble salt and sodium hydroxide as the water soluble base.

When carrying out the method of the invention, sufficient aqueous reagent
composition should be used such that the organic and aqueous phases are clearly

visible after phase separation in the test sample. However, excessive amounts of
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aqueous reagent composition will make the method more cumbersome and
increase costs. The amount of aqueous reagent composition will normally be
roughly equivalent to, or slightly less than, the amount of the organic phase (i.e.

the total amount of the diluent composition and heavy fuel oil).

The aqueous reagent composition is formed by dissolving the water soluble
inorganic salt and water soluble base in water. The water soluble inorganic salt
and water soluble base can be added to the water separately or together. It may
be necessary to employ some sort of stirring means to fully dissolve the salt and
base in the water. This may involve use of mechanical stirring means, such as an

overhead stirrer or magnetic stirrer bar.

As indicated above, the presence of the water soluble inorganic salt increases the
ionic strength of the aqueous reagent solution. Thus, it is preferable to have a
reasonably high concentration of the water soluble inorganic salt in the aqueous
reagent solution, to achieve high ionic strength. However, the aqueous reagent
solution should not be saturated, as this can lead to precipitation of salts, which

may make the results of the test more difficult to observe.

By way of example, when the salt is sodium chloride and the base is sodium
hydroxide, about 240 g of sodium chloride and about 10 g of sodium hydroxide can

be dissolved in each litre of water to form an aqueous reagent composition.

Heavy fuel oil is immiscible with the aqueous reagent composition. The test
sample therefore phase separates to form an aqueous phase and an organic
phase. However, the amount of phase separation can vary. It is therefore
preferred to use sufficient diluent composition and aqueous reagent composition in
order to ensure that there is clear phase separation in the test sample. The
presence of the aqueous reagent phase causes the catalyst fines to partition into
the aqueous phase. As the catalyst fines are solid particles, these settle to the
bottom of the test sample under gravity. Thus, at the end of the test procedure,
three distinct phases may be visible in the test sample, namely, an upper organic
(hydrocarbon) phase, a lower aqueous phase and a solid phase containing catalyst

fines. Obviously, if no catalyst fines are present, no solid phase will be visible.
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An operator can assess whether catalyst fines are present simply by looking at a
separated sample produced at the end of the test procedure. As indicated above,
Fig. 1 is a photograph showing the results of applying the method of the invention
to HFO samples that contain 0 ppm, 50 ppm, 100 ppm, and 200 ppm of catalyst
fines respectively. By comparing the results of the test with such a photograph, a
skilled person can obtain a rough estimate of the amount of catalyst fines present
in a tested HFO sample. However, the aim of the method of the invention is not
necessarily to provide a quantitative measurement of the amount of catalyst fines
present, but to simply provide a yes/no answer to the question of whether catalyst

fines are present.

Although manufacturers state that engines can tolerate up to 15 ppm catalyst fines,
it is better if no catalyst fines are present, since then all likelihood of damage by the
fines will be removed. If catalyst fines are detected by the test method of the
invention this tells the operator that either (a) action is needed to purify the heavy
fuel oil e.g. by use of a filtration/purification system, or (b) the heavy fuel oil is of

unsulitable quality and an alternative should be sought.

If the skilled person requires a quantitative measure of the amount of catalyst fines
present in the aqueous phase, then turbidimetry could be used. Turbidimetry is the
process of measuring the loss of intensity of transmitted light due to the scattering
effect of particles suspended in it. Light is passed through a filter creating a light of
known wavelength which is then passed through a cuvette containing a solution to
be tested. A photoelectric cell collects the light which passes through the cuvette.
A measurement is then given for the amount of absorbed light. This measurement
then correlates to the level of particulates in the test sample. In the present
invention, it is envisaged that the aqueous layer could be removed following phase
separation, for example using a syringe, and transferred to a cuvette for

turbidimetry analysis.

The method of the invention involves mixing the heavy fuel oil with the diluent
composition and the reagent composition to form a test sample. By “mixing” is
meant that the reagent and diluted heavy fuel oil are combined sufficiently to allow

transfer of the catalyst fines from the organic phase to the aqueous phase.
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To ensure sufficient mixing of the heavy fuel oil, diluent and aqueous reagent
composition, and maximum separation of the catalyst fines, shaking of the test
sample is recommended. This may be carried out either manually or mechanically.
For example, the test sample may be sealed and manually shaken to mix.
Alternatively, mechanical means such as a shaker or a vortex mixer (such as those
supplied by Bio Rad e.g. the BR-2000 vortexer) may be used. Equally, stirring
apparatus may be used to perform the mixing. Stirring means may be “overhead”,
such as by use of a paddle system, or “underneath” such as use of a magnetic
stirrer pellet. The actual means of mixing is not important, provided that thorough
mixing of the heavy fuel oil, diluent composition and aqueous reagent composition

OCcCurs.

After mixing, the aqueous and organic phases are allowed to separate. During the
mixing step, the catalyst fines move from the organic phase into the aqueous
phase. However, due to gravity, the catalyst fines will inevitably settle at the
bottom of the aqueous layer. Thus, in one embodiment, the test sample is left after
mixing to allow the phases to separate and the catalyst fines to settle under

gravity. This typically involves leaving the sample to stand at room temperature in
a stable (i.e. undisturbed) place for a period of time. While some settling of the
catalyst fines may be visible relatively quickly, it is advisable to leave the sample to

settle for at least about an hour before trying to read the results of the test.

It is highly desirable that some or all of the mixed test sample is transferred to a
clean container for the separating step to minimise the risk of the test results being
obscured. For example, a portion of the mixture can be removed via dropping
pipette and transferred to a clean container. Preferably, the clean container is
prefilled with a small amount of aqueous reagent composition, and the mixture is
added above the additional aqueous composition. Any HFO that comes into
contact with the bottom of the separating vessel may adhere to the sides of the
vessel, thereby potentially obscuring any cat fines that might otherwise be visible.
By adding the mixture to the top of a small amount of aqueous composition, the
lower portion of the separating vessel should never come into contact with the

HFQO, and therefore should remain free from oil smears.
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While allowing the test sample to separate under gravity will work, it is relatively
slow. The speed of phase separation may be accelerated by use of heat and/or a
demulsifying agent. Any demulsifier could be added to the aqueous reagent
composition or to the sample before or during mixing. However, these options
increase the complexity of the test and the costs involved. For example, if the test
sample is to be heated, this should be done in a well-ventilated space, and

preferably within a fume hood for safety reasons.

A preferred way to accelerate the phase separation process is to use a centrifuge.
Any standard laboratory centrifuge may be used to accelerate the phase
separation and settling of the catalyst fines. Examples include Argos Technologies
FlexiFuge centrifuge, Thermo Scientific Sorvall™ and SL 8 centrifuges and

Beckman Coulter Alegra® and Microfuge® centrifuges.

The samples should be spun in the centrifuge for a time sufficient to effect phase
separation. This will depend on the centrifuge speed and sample size.
Centrifuges may spin at high speed (up to about 120,000 rpm), thereby exerting
considerable force to a sample. In such cases it is expected that some phase
separation will be visible after only a few seconds. However, to ensure full phase
separation of the sample, centrifugation for a longer period of time is
recommended. Thus, centrifugation under high speed is preferably carried out for
at least one minute. Centrifuges may spin at lower speed (as low as 2,000 rpm),
thereby exerting much less force to a sample. When using a lower speed
centrifuge, longer centrifugation times will be necessary. In practice, centrifugation
times may vary between about 1 minute and about 30 minutes. A skilled person
will be able to readily determine a suitable centrifugation time and speed required
to effect phase separation of any particular test sample. By way of illustration, a
centrifugation time of about 15 minutes at a centrifuge speed of about 9,000 rpm is

typical.
Samples can be removed periodically from a centrifuge and assessed visually for

phase separation. Such samples can, if necessary, be returned to the centrifuge

for a further time period if phase separation is not visible.
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To enhance transfer of the cat fines from the organic phase, a phase transfer
agent may be used. A phase transfer agent is miscible or soluble in both the
aqueous phase and the organic phase, and is capable of interacting with the

catalyst fines to aid in their movement between the two phases.

Preferred phase transfer catalysts are polar solvents such as ethers or alcohols.
As with the non-polar solvents discussed above, for practical purposes relatively
high-boiling ethers and alcohols are preferred, such as those with boiling points
above 50°C. Ethers and alcohols with lower boiling points may function perfectly
well. However, there are safety concerns that arise with use of ether and alcohol

solvents having low boiling points.

Preferred phase transfer agents include tripropylene glycol monomethyl ether,
ethylene glycol, propyl alcohol, isopropyl alcohol and butanol (including n-butanol,
sec-butanol and fert-butanol), with tripropylene glycol monomethyl ether being

particularly preferred.

The phase transfer agent may be added to any of the compositions prior to the
mixing step b) or may be added separately. However, it is preferred that the phase
transfer agent forms part of the diluent composition. Thus, preferred diluent

compositions comprise both a non-polar solvent and a phase transfer agent.

One preferred diluent composition comprises a non-polar solvent selected from
mineral spirits, kerosene, naphtha, and heavy distillate and a phase transfer agent
selected from tripropylene glycol monomethyl ether, ethylene glycol, propyl
alcohol, isopropyl alcohol and butanol (including n-butanol, sec-butanol and tert-

butanol).

Preferred combinations of diluent and phase transfer agents include the following:
e naphtha and tripropylene glycol monomethyl ether;
¢ heavy distillate and tripropylene glycol monomethyl ether;
e naphtha and isopropyl alcohol;
o heavy distillate and isopropyl alcohol;

e naphtha and ethylene glycol; and
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o heavy distillate and ethylene glycol.

Use of heavy distillate and tripropylene glycol monomethyl ether is particularly

preferred.

The amount of phase transfer agent should be such that it does not cause

precipitation of salt(s) from the aqueous reagent composition.

The method of the invention is carried out in a suitably sized vessel. There is no
particular restriction on the size of the vessel. However, to avoid unnecessary
wastage of heavy fuel oil, diluent composition and aqueous reagent composition,

smaller vessels are preferred, such as those holding up to 50 ml of liquid.

Multiple vessels may be used to carry out a single test, as the separation step may

be performed in a different vessel to the mixing step.

To ensure maximum visibility of any catalyst fines present, the walls of the vessel
used for the separating step should be transparent, and preferably colourless.
Thus, the separating step is preferably carried out in a clear glass or plastic
container. If a plastic container is used, care should be taken that the plastic is
chemical resistant, and will not soften or deform in the presence of the heavy fuel

oil or the diluent.

As indicated above, the separation step may take place in a centrifuge. In such
cases, at least the separating step of the method of the invention is carried out in a
centrifuge tube. Centrifuge tubes are typically transparent, colourless plastic tubes
that can be sealed with lids (either screw top or clip on) prior to placing in the
centrifuge. Owing to the clear transparent sides of centrifuge tubes, any phase

separation and/or settling of cat fines is clearly visible.

Centrifuge tubes usually have a rounded or conical base in which solids can
collect. Thus, one way to establish the amount of catalyst fines present might be
to use the depth of precipitate obtained in the base of the centrifuge tube as a
rough measurement of the amount of catalyst fines present in a heavy fuel oil. A

scale could also be added to the tip of the centrifuge tube to assist in estimating
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the amount of cat fines present. Fig. 2 shows an adapted centrifuge tube which

could be used in such a method.

The present invention further relates to an aqueous reagent composition comprising
at least one water soluble inorganic salt and at least one water soluble base,
wherein the at least one water soluble inorganic salt is selected from a nitrate salt, a
sulfate salt other than calcium sulfate, a halide salt other than a silver halide,
sodium carbonate or potassium carbonate; and wherein the and at least one water

soluble base is a hydroxide of a Group | or Group |l metal.

Preferably, the at least one water soluble inorganic salt is sodium chloride.
Preferably, the at least one water soluble base is sodium hydroxide. More
preferably, the at least one water soluble inorganic salt is sodium chloride and the
at least one water soluble base is sodium hydroxide. Thus, the present invention
most preferably further relates to an aqueous reagent composition comprising

sodium chloride and sodium hydroxide.

Another embodiment of the invention is directed towards a diluent composition
consisting of a non-polar solvent selected from mineral spirits, kerosene, naphtha,
and heavy distillate (CAS # 64741-65-7) and a phase transfer agent selected from
tripropylene glycol monomethyl ether, ethylene glycol, propyl alcohol, isopropyl

alcohol and butanol (including n-butanol, sec-butanol and tert-butanol).

Preferably, the non-polar solvent is heavy distillate. Also preferably, the phase
transfer agent is tripropylene glycol monomethyl ether. More preferably, the non-
polar solvent is heavy distillate and the phase transfer agent is tripropylene glycol

monomethyl ether.

The present invention further relates to kits comprising:
a) a diluent composition comprising a non-polar solvent; and
b) an aqueous reagent composition comprising at least one water soluble inorganic

salt and at least one water soluble base.
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Preferably, the non-polar solvent is heavy distillate. Also preferably, the kits of the
invention contain instructions to use the reagent composition and/or the diluent

composition in the method of the invention.

The diluent composition may further comprise a phase transfer agent, selected from
those outlined above. Preferably, in the kits of the invention, the phase transfer

agent is tripropylene glycol monomethyl ether.

In the kits of the invention, the aqueous reagent composition is as described above.
Thus, preferably, the at least one water soluble inorganic salt is sodium chloride.
Preferably, the at least one water soluble base is sodium hydroxide. Most
preferably the at least one water soluble inorganic salt is sodium chloride and the at

least one water soluble base is sodium hydroxide.

As well as the diluent composition and aqueous reagent composition, the kits of
the invention may also comprise equipment to assist with preforming the method of
the invention and/or instructions for performing the method. Obviously, the kits of
the invention can be readily tailored to suit individual customer needs. However,
the kits may, for example, include one or more items selected from the following
list:

- vessels for mixing the heavy fuel oil with the diluent composition and aqueous
reagent composition;

- vessels for performing the separation step (if different from the mixing vessel)
for example, centrifuge tubes;

- measuring and dispensing equipment such as syringes, dropping pipettes or
measuring cylinders for dispensing the heavy fuel oil, diluent composition and
aqueous reagent composition;

- a centrifuge for carrying out the separating step; and

- avisual guide for assessing the results of the test (such as Fig 1).

For ease of carrying out the test, the vessels and/or the measuring/dispensing
equipment may be disposable. Either plastic or glass equipment may be used e.g.
plastic or glass centrifuge tubes. However, such items are likely to be used in a
disposable fashion, as the HFO is difficult to completely remove from surfaces and

therefore cleaning the equipment is not generally cost effective.
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Preferred kits will contain some or all of the consumables used in the test,
including the diluent composition, the reagent composition and/or any disposable
vessels or measuring/dispensing equipment. Some of the vessels may be
provided pre-filled with suitable amounts of the diluent compositions and/or the

aqueous reagent composition for use in the method of the invention.

By way of example, it is envisaged that so-called “starter” kits, suitable for carrying
out the method of the invention a certain number (n) of times, would contain the
following:

- acentrifuge;

- 2n centrifuge tubes;

- 2n pipettes;

- nsyringes;

- a65 ml bottle containing an aqueous reagent composition;

- n 30 ml bottles pre-filled with an aqueous reagent composition;

- instructions for use in the method of the invention.

In the Kits, ‘" may be any number, but it is envisaged that kits will typically enable
the consumer to perform the method of the invention at least 10 times, preferably
25 times. Thus, a kit for performing the method of the invention will contain 50
centrifuge tubes and 25 x 30 ml bottles. Centrifugation must be carried out on a

minimum of two samples, to ensure that the machine is balanced, hence 2n tubes.

It is further envisaged that “top-up” kits could be provided, each containing the

above but without the centrifuge.

The following non-limiting examples are provided to further illustrate the invention.

The following abbreviations are used herein:

g —gram
HFO — heavy fuel oil
min — minute
ml — millilitre
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ppm — parts per million

Example 1

Diluent composition
1950 g Tripropylene glycol monomethyl ether
2000 g Heavy distillate

Aqueous reagent composition
2500 g Deionised water

600 g Sodium chloride

25 g Sodium hydroxide

Test Procedure

1. 4.1 g of the aqueous reagent composition and 8.7 g of the diluent composition
were added to a 30 ml bottle with a lid.

2. A 5 ml syringe was completely filled with HFO by drawing back the plunger until
it reached the stop (this means that about 6 ml of HFO was drawn into the syringe).
The HFO was warmed slightly to reduce its viscosity enough to allow it to be drawn
into the syringe.

3. All of the HFO from the syringe was added to the 30 ml bottle containing the
diluent composition and aqueous reagent composition. The lid was secured and
the bottle shaken vigorously for 3 min.

4. 4.5 ml of the mixture was removed from the bottle using a dropping pipette.

5. This was added to a 5 ml centrifuge tube containing an additional 0.5 ml of the
aqueous reagent composition.

6. Steps 4 and 5 were repeated so that there were two centrifuge tubes, each
containing 5 ml of a mixture of HFO, diluent composition and reagent composition.
7. The centrifuge tubes were sealed and placed inside a centrifuge in opposite
positions (to balance the machine).

8. The tubes were spun in the centrifuge for 15 min.

9. The tubes were removed and visually inspected.

Fig. 1 shows the results of the above test carried out on samples of HFO known to

contain 0 ppm, 50 ppm, 100 ppm and 200 ppm of catalyst fines respectively.
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Comparative Example 1

The above test procedure was repeated using toluene as the non-polar solvent in

the diluent composition, with no phase transfer catalyst.

Poor separation of the aqueous and organic phases was observed even after
centrifugation. Separation of the aqueous and organic phases was eventually
achieved by addition of a demulsifying agent and heating the resulting mixture.
However, no catalyst fines were visible in the aqueous phase, despite performing

this test on a sample of HFO known to contain catalyst fines.

Examples 2 and 3

The test procedure of Example 1 was repeated with alternative aqueous reagent
compositions, replacing the sodium chloride with magnesium sulfate (Example 2) or
ammonium sulfate (Example 3). These salts can be used at lower concentrations
than sodium chloride to provide solutions having similar ionic strength. The salts

are therefore less prone to precipitation from solution.

The compositions of these alternative aqueous reagent compositions are shown in
Table 1 below:
Table 1

Aqgueous reagent compositions

Example 2 Example 3

1000 g Deionised water 1000 g Deionised water

500 g magnesium sulfate 400 g ammonium sulfate

(heptahydrate)

10 g Sodium hydroxide 10 g Sodium hydroxide

Separation of the aqueous and organic phases was observed, with the presence of

catalyst fines visible in the aqueous phase.
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Claims

1. A method for monitoring for the presence of catalyst fines in a heavy fuel oil
(HFO), said method comprising:

a) providing a sample of HFO;

b) mixing the HFO sample with a diluent composition comprising a non-polar
solvent and with an aqueous reagent composition to provide a test sample, wherein
the aqueous reagent composition comprises at least one water soluble inorganic
salt and at least one water soluble base;

c) allowing phase separation to occur in the test sample to provide an aqueous
phase and an organic phase; and

d) inspecting the aqueous phase of the test sample for the presence of catalyst
fines.

2. The method of claim 1, wherein the at least one water soluble inorganic salt
is a nitrate salt, a sulfate salt other than calcium sulfate, a halide other than silver
halide, sodium carbonate or potassium carbonate.

3. The method of claim 2, wherein the at least one water soluble inorganic salt
is sodium chloride.

4, The method of claim 1, wherein the at least one water soluble base is a
hydroxide of a Group | or Group Il metal.

5. The method of claim 4, wherein the at least one water soluble base is
sodium hydroxide.

6. The method of claim 1, wherein the diluent composition comprises a non-
polar solvent selected from mineral spirits, kerosene, naphtha, and heavy distillate

(CAS # 64741-65-7).

7. The method of claim 1, wherein the diluent composition does not comprise

toluene.
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8. The method of claim 1, wherein the diluent composition further comprises a
phase transfer agent.

9. The method of claim 8, wherein the phase transfer agent is selected from
tripropylene glycol monomethyl ether, ethylene glycol, propyl alcohol, isopropyl
alcohol and butanol.

10. The method of claim 9, wherein the diluent composition comprises heavy
distillate and a phase transfer agent that is tripropylene glycol monomethyl ether.

11. The method of claim 1, wherein separation step ¢) comprises centrifuging
the test sample.

12. The method of claim 1, wherein steps b) and c) take place in different

containers.

13. The method of claim 1, wherein the diluent composition and the aqueous
reagent composition are added to the heavy fuel oil sequentially.

14. The method of claim 1, wherein the diluent composition and the aqueous
reagent compositions are added to the heavy fuel oil simultaneously.

15. A kit, comprising: a sealed container containing a diluent composition
comprising a non-polar solvent selected from mineral spirits, kerosene, naphtha,
and heavy distillate (CAS # 64741-65-7); and an aqueous reagent composition
comprising at least one water soluble inorganic salt and at least one water soluble
base.

16. The kit of claim 15, wherein the diluent composition and aqueous reagent
composition are provided in separate sealed containers, are premixed and provided

in a single sealed container, or both.

17. The kit of claim 15, wherein the at least one water soluble inorganic salt is
sodium chloride.
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18. The kit of claim 15, wherein the at least one water soluble base is sodium
hydroxide.
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