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) Desulphurization of oil.

€) Sulphur present in petroleum oils represents a very
undesirable pollutant when the oils are burnt.

A process of treating oil containing suiphut is provided
wherein the oil is contacted with hydrogen fluoride. The
hydrogen fluoride converts the sulphur to a sulphur fluo-
ride which may be removed from the oil.

The sulphur fluoride may then be converted to other
forms of sulphur thus allowing for regeneration of the hy-
drogen fluoride for reuse in the process.
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This invention relates to a method of desulphurizing
oil, particularly crude oil.

As is well known in the petroleum art, many crude
oiis have very high sulphur contents and thus are unsuitable
for a numbe; of uées, if not being totally unsuitable. This
is because on combustion of the o0il the sulphur forms pollutants
in the form of noxious gases and acids.

VDesulphurization of oil has been a major problem which
has not been satisfactorily overcome on an economic basis by
the existing prior art methods.

It is the object of this invention to provide a
method of desulpﬁurizing oil.

In its broadest form the invention provides a process
of treating petroleum o0il to reduce the sulphur content thereof,
comprising treating said oil with hydrogen fluoride at an
effective concentration level such thaﬁ available sulphur in the
oil is converted to a sulphur fluoride compound, and'separating
the o0il from the sulphur fiuoride produced by the reaction.

Preferably the o0il is substantially dehydrated before
ireatment with the hydrogen flgoride. Furthermore, prior to
reaction wiﬁh the HF some oils may be advantageously treated
with an oxidizing agent, such as sulphur trioxide gas, to

oxidize certain forms of sulphur present to a form more readily

reactable with HF. 3

The hydrogen fluoride may be utiiized in liquid or gas
state. The gas state is preferred as the conversion of the sul-
phur to a gas is not hindered by water present as in a liquid HF
reaction. Water tends to cause any sulphur fluorides formed to

precipitate and thus complicate its separation from the oil.

By using HF as a gas the sulphur forms mainly sulphur

-2 -



10

20

30

0020053

tetrafluoride in gaseous form and is:readily separated from
the liquid o0il along with excess HF.

It is preferable from fhe economic point of view
that the sulphur fluoride and the excess hydrogen fluoride
eminating from thé hydrogen fluoride contact'with oil be
reclaimed, particularly to réuse the fluoride. To this end
the hydrogen fluoride and sulphur fluorides removed from one
gas-liquid reaction are passed to a gas separation tower wherein
due to their significantly different specific gravities, they
may be easily separated. The hyérogen fluoride being the |
lighterrgas separating out of the top of the gas separation

tower and being recycled to the hydrogen fluoride gas storage,

.the sulphur fluorides being the heavier of the gases being

removed from the bottom of the gas_separationrtower from where
they can be passed to a hydrolyzatibn unit +to convert the '
sulphur gas to sulphur crystals and the fluorides to hydrogen
fluoride. The hydrogen fluoride eminating from_the'gas—water
contact unit can then also be fed back to the hydrogen fluoride
'stofage.

| The invention will now be described by way of example 7
only with reference to the accompanying drawing wherein there
is shown a process' flow sheet of therpréferred form of this
invention. _

0il, ﬁsually crude oil which has beeﬁ extracted Irom

the ground, generally contains a certain percéntage of water.
As it is preferable for the primary reaction of this invention
to have a minimum amount of water in the oil for contact with
the hydrogen fluoride gas, it is necessary to substantially
dehydrate the oil before reacting the oil with the hydrogen

fluoride gas. Thus oil 18 is fed to a dehydration unit 10.
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To dehydrate.the oil, temperature drying at 240°F or '
temperaturés thereabove is suitable. Alternatively, a
selective oil-water separator may be used to dehydrate the
oil. |

The dehyérated oil is then fed 20 to an oxidizing
chamber 11 such as a counter-current flow gas-liquid contact
unit. TIn the oxidizing chamber an oxidizing agent such as
gaseous 503 is contacted with thé oil by, say, being bubbled 21
through the oil. This oxidizes some of the free and bound
sulphurs to an oxide form thus making it more available for
reaction with the HF. 7

The liquid oil is then fed 22 to the main reactor 12.

The reactor is preferably a counter-current flow gas-liquid

‘contacting unit. This unit may be a distillation tower, packed

column, spray fower or other suitable unit. The oil descends
down thé tower whilst hydrogen fluoride gas 23 is-fed from
storage unit_lS into the uhit 12 from the bottom of the tower
and passes up the tower. The hydrogen fluoride gas contacts
the descending o0il and converts the sulphur that will react
which may be in a free form or in compound with other substan-
ces in the oil to sulphur fluorides, generally sulphur tetra-
fluox}de. Tﬁe sulphur fluorides which are gaseous along with
the remaining hydrogen fluoride gas leave the top of the gas-
liguid contact unit and are preferably then passéd 24 to a gas
separation tower 13 wherein as above described, the lighter
hydrogen fluoride is removed 25 at the top, whilst the heavier
sulphur fluorides are removed from thé bottom 26. The gas
separation tower 13 is not essential, but very desirable. The
sulphur fluoridés'are then heated to from 220°F to 240°F and

compressed to from 60 to 100 psig before being passed to a
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gas-water contact wnit 14 at similar temperatures and pressures,
where on contact with water sprays 27 sulphur precipitates ouf
and may be removed 35 for further use. The fluoride from the
sulphur fluorides is converted to hydrogen fluoride gas,
removed 28 from the unit 14 and this is combined with the
hydrogen fluoride gas leaving the gas separation tower to be
passed back to the hydrogen fluoride gas storage 15.

0il jeaving the main reactor 32 has ‘thus had its
sulphur.content reduced to from 0.1 to D.65% providing the
reaction in the reactor 12 has been carried out with sufficient

residence time, concentrations and at a reasonable temperature,

about SOOC.

The oil 34 leaving the reactor 12 contains a small
amount of entrained HF which can be removed by treating the 7
0il with an ammonia solution 33 +o form salts with the fluorigde
compounds in the agueous phase. '

The oil phase 31 may then be extrécted from the
agueous phase 32 by say phase separation apparatus 30.

Thus, it can be appreciated that dﬁe to the high rate
of reclamation of hydrogen fluoride gas, the process is very
efficient. The oil leaving the gas-liguid contact unit is
substantially desulphurized and of course the degree of
desulphurization is dependant upoh the efficiency of the gas-
liguid contacting unit and the residence ﬁime therein.
Obviously, to increase the level of desulphurization further
contacting may be desirable. The temperature of the HF gas
passing into the gas-liquid contact unit is‘preferably around
SQOF, although this temperature may be varied according to the
conditions desirable with particular oils. The desulphurized

0il leaving the gas-liquid contact unit may then be passed for
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further processing>in normal refinery practice.

Where the hfdrogen filuoride used in the main reaction
unit 12 is in the form of a liguid instead of a gas, the
reaction with sulphur will still take place, however there
may be some preciéitation of sulphur components due to contact
with water present in the mixture. Thus, the separation of
the o0il ffom the resulting Ieactinn‘mixtﬁre would comprise a
solids separation stage as well as a liquid phase separation
stage, thus allowing the o0il to be extracted and passed to,
say, an ammonia treatment stage 30 for stripping the 0il of

non-hydrocarbon components.
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WHAT WE CLAIM IS:

1. A process of treating petroleum 6i1 to reduce
the sulphur content thereof, comprising treating said oil
with-hydrogen fluoride at an effective concentration level
such that available sulphur in the oil is converted to a sulphur
fluoride compound, and separating the oil from the sulphur
fluoride produced by the reaction.

2. #he process of claim 1 wherein the oil is

substantially dehydrated before the reaction with hydrogen

fluoride.

3. The process of claim 1 or 2 wherein the o0il is
treated by an oxidizing agent prior to reaction with the
hydrogen fluoride.r

4. The process of claim 1 wherein the hydrogen
fluoride is fed to the reaction oil in a gaseous state.

5. The process of claim 4 wherein the gaseous
products of the reaction with oil are removed and treated
to recover the hydrogen fluoride.

6. The process of claim 5 wherein the recovery of
hydrogen fluoride is recovered by firstly separating the
gas ﬁﬁream into an HF and sulphur fluoride gas stream,rand
wherein the sulphur fluoride gas stream is contacted with
water to precipitate out sulphur cbmpounds.

7. The process of claim 1 wherein the o0il removed
from the reaction with hydrogen fluoride is treated with

ammonia solution to remove entrained fluorides from the oil.
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