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(54) Oxycombustion process for heating a feedstock

(57) The invention relates to a method for treating a
feed containing hydrocarbons with hydrogen wherein a
fuel is combusted in a furnace by means of one or more
burners, said feed is preheated by indirect heat exchange
with the reaction products and/or the reaction heat from
the combustion of said fuel to obtain a preheated feed,

said preheated feed is passed in a reactor containing a
catalyst and said preheated feed is treated with hydrogen
in said reactor and wherein said fuel is combusted in a
reaction with an oxidant comprising more than 21 % by
volume of oxygen.
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Description

[0001] The invention relates to a method for treating a
feed containing hydrocarbons with hydrogen wherein a
fuel is combusted in a furnace by means of one or more
burners, said feed is preheated by indirect heat exchange
with the reaction products and/or the reaction heat from
the combustion of said fuel to obtain a preheated feed,
said preheated feed is passed in a reactor containing a
catalyst and said preheated feed is treated with hydrogen
in said reactor.
[0002] Since the early 1950s several influences have
triggered the development of various hydrotreating proc-
esses. The increased production of high-sulfur crude oils
and consequently the need to remove sulfur compounds
from oil fractions, more stringent product specifications
because of environmental requirements, and the produc-
tion of increased quantities of cracked material from con-
version processes boosted the installation of adequate
hydrotreating capacities in refineries. Hydrotreating
plants represent the highest capacities of all secondary
refining processes worldwide.
[0003] The term hydrotreatment shall mean a catalytic
process wherein a hydrocarbons containing feed is re-
acted with hydrogen. This reaction may especially be
used to purify the feed stream from nitrogen and/or sulfur
or to crack heavy hydrocarbons into simpler molecules
such as light hydrocarbons by breaking of carbon-carbon
bonds. One important example of hydrotreating is the
removal of sulfur components (hydrodesulphurization or
HDS) by reaction with hydrogen in the presence of a suit-
able catalyst, to form hydrogen sulfide. The hydrogen
sulfide is removed from the process gas stream using a
solvent (e.g., amine) wash and is then converted into
elemental sulfur in a Claus plant.
[0004] Hydrotreating processes are applied to achieve
the following objectives:

• Removal of sulfur, nitrogen, oxygen, and arsenic
compounds from reformer feedstock (naphtha) to
prevent poisoning of the platinum catalysts in the
reformers. Hydrogenation of the unsaturated hydro-
carbons of cracked naphtha to minimize coking of
the reformer catalysts.

• Increase in the thermal stability of jet fuels. Addition-
ally, an improvement of the smoke point can be
aimed at by (partial) hydrogenation of aromatics.

• Removal of sulfur compounds from middle distillates
(gas oils) to achieve blending qualities for diesel fuels
and light heating oil. Unsaturated hydrocarbons in
cracked gas oils are hydrogenated to improve the
color stability and reduce the coking tendency of the
products.

• Removal of sulfur, nitrogen, and metal compounds
from catalytic cracking feedstock (vacuum gas oils,
atmospheric residues) to limit the catalyst deactiva-
tion by nitrogen and metals, and to yield lower sulfur
contents in the cracked products.

• Reduction of the sulfur content of heavy fuel oils.
• Hydrogenation of diolefins in pyrolysis gasoline

(originating from ethylene production plants) to avoid
the formation of gum which deteriorates the stability
of these gasoline.

• Improvement of odor, color, and oxidation stability
of lubricating oils by hydrofinishing (mild hydrotreat-
ing). Dearomatization and removal of sulfur, nitro-
gen, and oxygen compounds by deep hydrogenation
(high-pressure hydrotreating) of lubricating oils

[0005] The present invention is related to the above
mentioned processes in general and in particular to the
removal of sulfur, nitrogen and metal compounds con-
tained in the treated hydrocarbon containing feeds in par-
ticular within a refinery. The invention is also related to
hydrocracking, whereby low weight hydrocarbons are
produced by cracking long-chained hydrocarbons.
[0006] According to the prior art the feed containing
hydrocarbons is preheated in a furnace comprising one
or more burners. The feed is preheated by indirect heat
exchange with the reaction products from the combustion
of a fuel and/or with the reaction heat. Gaseous or liquid
hydrocarbons are used as fuel and combusted with air
in one or more burners.
[0007] The preheated feed is then passed to a reactor
where it is treated with hydrogen in the presence of a
suitable catalyst. The reaction of the hydrocarbons with
the hydrogen requires a certain temperature to accom-
plish the desired hydrogenation reaction. The design of
the furnace and the burner or burners is usually set up
in a way that the feed is heated to a temperature sufficient
for the downstream hydrogenation reaction.
[0008] With time the performance of the catalyst de-
creases. In order to compensate for this decrease the
temperature of the hydrocarbon feed can be increased.
Further, in cases when the feed composition changes an
increase in the preheating temperature might be neces-
sary.
[0009] In the prior art such a temperature increase is
achieved by burning more fuel which in turn has to be
accomplished by the addition of more oxidant. Thus, the
amount of combustion air has to be increased. However,
sometimes the amount of combustion air which can be
supplied to the burners is limited in particular by the limits
of the blower which provide the air or by the design limit
of the burners or by the furnace which does not allow
additional gas flow.
[0010] The object of the present invention is to provide
a method of the above mentioned type which ensures a
flexible and easy adjustment of the preheat temperature
and thereby the hydrogenation reaction temperature.
[0011] The object is solved by the features of claim 1.
Advantageous embodiments of the invention are claimed
by the dependent claims.
[0012] The inventive method for treating a feed con-
taining hydrocarbons with hydrogen comprises the fol-
lowing steps:
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A fuel is combusted in a furnace by means of one or
more burners. The fuel is combusted in a reaction
with an oxidant comprising more than 21 % by vol-
ume of oxygen, for example with oxygen-enriched
air, technical oxygen or pure oxygen. The term tech-
nical oxygen shall in particular include an oxidant
with an oxygen content of at least 90% by volume,
at least 95% by volume or at least 98 % by volume.

[0013] Said combustion of the fuel is carried out in a
furnace upstream of the reactor where the actual treat-
ment of the hydrocarbon containing feed with hydrogen
is carried out. In the furnace the feed is preheated by
indirect heat exchange with the reaction products and/or
the reaction heat from the combustion of the fuel. As a
result a preheated feed of hydrocarbons is obtained.
[0014] That preheated feed is then passed to a down-
stream reactor containing a suitable catalyst. In the re-
actor the preheated feed is treated with hydrogen in the
presence of said catalyst.
[0015] According to the invention the fuel is combusted
in a reaction with oxygen enriched air, technical oxygen
or pure oxygen. The use of oxygen as claimed ensures
an easy adjustment of the preheating temperature and
thereby the temperature in the downstream reactor (hy-
drogenation temperature). Only a small amount of addi-
tional oxygen provided to the combustion increases the
preheating temperature. The design limits of the burner/s
or the blower/compressor do no longer limit the preheat-
ing temperature. The use of oxygen as claimed increases
the combustion temperature or in particular the temper-
ature of the flame and not necessarily the size of the
flame.
[0016] Additionally the throughput of the hydrocarbon
feed can be raised because of the increased amount of
heat provided by the oxygen enriched combustion ac-
cording to the invention. Therefore the whole capacity of
the process and the plant is increased by minor invest-
ments.
[0017] According to an embodiment of the invention
oxygen, preferably technical oxygen, is mixed with com-
bustion air directly at or in the burner/s to generate oxy-
gen enriched air. This embodiment is the easiest way to
benefit on the inventive thought. Only very little changes
to an existing process and existing equipment are re-
quired. The flame temperature could be sensitively reg-
ulated by the amount of oxygen mixed into the combus-
tion air.
[0018] In general, the temperature of the preheated
feed and thereby the hydrogenation temperature in the
reactor is controlled by the amount of said oxidant com-
prising more than 21 % by volume of oxygen supplied to
the combustion reaction of the fuel. Preferably, the
amount of oxidant is controlled in such a manner that a
reaction temperature between 280°C and 480°C is
achieved at the inlet of the reactor.
[0019] It is also possible to introduce the additional
amount of oxygen directly into the combustion zone. The

combustion zone shall mean the zone or region where
the fuel and the oxidant leaving the burner react with
each other. The oxidant provided to the burner as such
can be air, oxygen-enriched air or oxygen. In this case
an additional  oxidant stream, preferably technical oxy-
gen or pure oxygen, is injected directly into the combus-
tion zone. The additional oxidant mixes with the fuel and
the oxidant supplied to the burner and thereby increases
the total oxygen content for the combustion of the fuel.
[0020] In a preferred embodiment that additional oxi-
dant is supplied to the combustion zone via the pilot burn-
er. Many burners comprise a pilot burner in order to pro-
vide a flame to ignite said burner. According to this em-
bodiment the pilot burner is not only used to ignite the
burner but also to provide additional oxygen to the com-
bustion zone when the burner is operating.
[0021] Advantageously the preheating temperature of
the feed and thereby the hydrogenation temperature in
the reactor is enhanced in a certain time period prior to
a regular shutdown of the plant, wherein the hydrogen-
ation method is operated, to deactivate the catalyst ear-
lier.
[0022] In the prior art the catalyst load of the hydro-
genation reactor is changed periodically. Usually the
changes are correlated with the deactivation of the cat-
alyst but the change date is usually influenced by organ-
izational reasons in particular in case of a shut-down of
the whole complex. According to a preferred embodiment
of the invention the preheating temperature and thereby
the reaction temperature is enhanced in a certain period
before a shut-down of the plant. The enhanced reaction
temperature leads to a higher performance of the catalyst
related to an earlier deactivation. In this embodiment the
reaction temperature is adjusted in a way, that the cata-
lyst reaches its deactivation (End Of Run) state at the
same time as the regular shut-down is planned. The high-
er performance in the certain time period before the reg-
ular shut-down is the great benefit of this embodiment.
[0023] The performance of the catalysts used in the
hydrotreatment reaction decreases with time. In order to
compensate for this decrease it is possible to reduce the
flow of the feed stream. However, this would mean re-
duced output from the hydrogenation reactor. In a pre-
ferred embodiment of the invention the temperature of
the feed stream to the reactor is increased by increasing
the oxygen content of the oxidant reacting with the fuel.
Thereby, the run time of the catalyst can be increased in
order to counterbalance the deterioration of the catalyst.
[0024] Preferably the amount of oxygen is regulated in
way, that a reaction temperature of 330 °C to 340 °C in
the hydrogenation reactor is achieved, which leads to a
high performance of the catalyst and thereby high con-
version rates. Thereby a deep desulphurization is
achieved, sufficient to produce so called "clean fuels".
For instance Dimethyldibenzothiophene is only convert-
ed at elevated temperatures and pressures. Such a con-
version is on the other hand essential to gain sulfur con-
tent of 10 ppmw maximum in the desulphurized feed.
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[0025] The invention is preferably used in a hydrotreat-
ment process wherein said treatment of the hydrocarbon
feed with hydrogen shall reduce the content of sulphur
and / or nitrogen of the hydrocarbons in the feed. Such
treatments are often referred to as hydrodesulphurization
or HDS and as hydrodenitrogenation or HDN. According
to the invention the preheating temperature and thereby
the hydrogenation temperature can be adjusted in an
easy way and over a large range.
[0026] The purification of the hydrocarbon feed from
sulphur or nitrogen takes place in socalled HDS units or
HDN units. The hydrocarbon feed, for example raw
gasoil, reacts with the hydrogen over the catalyst to re-
move sulphur and/or nitrogen from the hydrocarbons.
[0027] The feed to these HDS units or HDN units can
comprise naphta. Naphta is an intermediate distillation
product from petroleum refineries boiling in a certain
range and containing certain hydrocarbons. Naphta shall
in particular mean the fraction of hydrocarbons which boil
between 30 °C and 200 °C. It consists of a complex mix-
ture of hydrocarbon molecules generally having between
5 and 12 carbon atoms. The naphta feed purified in the
inventive manner can then be used as clean fuel.
[0028] The invention can also be used to remove sul-
phur and/or nitrogen from a hydrocarbon feed comprising
kerosene and / or petroleum diesel. Kerosene and pe-
troleum diesel are also intermediate products from the
fractional distillation of petroleum. Kerosene has a boiling
point between 150 °C and 275 °C and comprises a mix-
ture of carbon chains that typically contain between six
and 16 carbon atoms per molecule. Petroleum diesel,
also called petrodiesel, or fossil diesel is produced from
the fractional distillation  of crude oil between 200 °C and
350 °C, resulting in a mixture of carbon chains that typ-
ically contain between 8 and 21 carbon atoms per mol-
ecule.
[0029] Another preferred field of application of the in-
vention is the treatment of a hydrocarbon feed with hy-
drogen in order to crack the hydrocarbon molecules.
Such a process is also referred to as hydrocracking. Hy-
drocracking is a catalytic cracking process in the pres-
ence of gaseous hydrogen wherein longer-chain carbon
molecules are broken down into short chain carbon mol-
ecules. The products of this process are saturated hy-
drocarbons. Major products from hydrocracking are for
example jet fuel and diesel. Similar to the products of the
above-described hydrodesulphurization process all
these products have a very low content of sulfur and other
contaminants.
[0030] In general, the invention provides a method for
treating a hydrocarbon feed wuith hydrogen wherein the
feed can be pre-heated in a controlled manner, in partic-
ular wherein the temperature of the hydrocarbon feed
can be chosen according to the requirements of the sub-
sequent reaction. The invention allows to compensate a
decrease of the catalyst performance by increasing the
feed temperature. That increase is achieved by increas-
ing the oxygen content of the oxidant supplied to the burn-

er and/or the combustion reaction of the fuel.

Claims

1. Method for treating a feed containing hydrocarbons
with hydrogen wherein:

• a fuel is combusted in a furnace by means of
one or more burners,
• said feed is preheated by indirect heat ex-
change with the reaction products and/or the re-
action heat from the combustion of said fuel to
obtain a preheated feed
• said preheated feed is passed in a reactor con-
taining a catalyst and
• said preheated feed is treated with hydrogen
in said reactor characterized in that,
• said fuel is combusted in a reaction with an
oxidant comprising more than 21 % by volume
of oxygen.

2. Method according to claim 1, characterized in that
said fuel is combusted in a reaction with oxygen en-
riched air, technical oxygen or pure oxygen

3. Method according to claim 2, characterized in that
said burner(s) is supplied with said fuel and with ox-
ygen enriched air.

4. Method according to any of the previous claims,
characterized in that said fuel and oxygen react in
a combustion zone and wherein said oxidant is in-
jected into said combustion zone.

5. Method according to claim 4, characterized in that
said burner(s) comprises a pilot burner in order to
provide a flame to ignite said burner and wherein
said oxidant is supplied to the combustion zone via
said pilot burner.

6. Method according to any of the previous claims,
characterized in that the temperature of the pre-
heated feed is controlled by the amount of oxygen,
preferably technical oxygen, combusted with said fu-
el.

7. Method according to any of the previous claims,
characterized in that the temperature of the pre-
heated feed is increased when the performance of
the catalyst decreases.

8. Method according to any of the previous claims,
characterized in that the amount of oxidant is con-
trolled in such a manner that a reaction temperature
between 280°C and 480°C is achieved at the inlet
of the reactor.
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9. Method according to any of the previous claims,
characterized in that said treatment with hydrogen
is used to reduce the content of sulphur and / or
nitrogen of said hydrocarbons in said feed.

10. Method according to any of the previous claims,
characterized in that said hydrocarbons containing
feed comprises naphta.

11. Method according to any of the previous claims,
characterized in that said hydrocarbons containing
feed comprises kerosene.

12. Method according to any of the previous claims,
characterized in that said hydrocarbons containing
feed comprises petroleum diesel.

13. Method according to any of the previous claims,
characterized in that said treatment with hydrogen
is used for hydrocracking of said hydrocarbons in
said feed.
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