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Process and Apparatus for Producing a Mixed Feed Stream for a
Steam Reforming Plant

Field of the Invention

The present invention relates to a process for producing a mixed feed stream for a
steam reforming plant which contains at least one reforming stage. The mixed feed
stream comprises a first feed stream containing methane and a second feed stream
comprising higher hydrocarbons, olefins and diolefins, wherein the first and/or the se-
cond feed stream also contains organic sulfur compounds. As first feed stream natural
gas can be used, and as second feed stream for example a refinery waste gas. The se-
cond feed stream also can contain methane, hydrogen as well as metals and chlorides.

Furthermore, the invention also relates to an apparatus for carrying out such process.

Prior art

Hydrocarbons can catalytically be converted to synthesis gas, i.e. mixtures of hydrogen
(H2) and carbon monoxide (CO), by using steam. As is explained in Ullmann’s Encyclo-
pedia of Industrial Chemistry, Sixth Edition, 1998 Electronic Release, keyword "Gas
Production”, this so-called steam reforming is the most frequently used method for the
production of synthesis gas, which subsequently can be converted to further important

basic chemicals such as methanol or ammonia.
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Steam reforming of natural gas proceeds strongly endothermally. It is therefore carried
out in a reformer furnace in which numerous catalyst-containing reformer tubes are ar-
ranged in parallel, in which the steam reforming reaction takes place. The reformer
tubes mostly are fired by means of burners, which are mounted on the upper side or un-
derside or on the side walls in the interior space of the reformer furnace and directly fire
the space between the reformer tubes.

After preheating by heat exchangers or fired heaters the hydrocarbon-steam mixture en-
ters into the reformer tubes after final heating and is converted there at the reforming
catalyst to obtain carbon monoxide and hydrogen. The composition of the product gas is
determined by the reaction equilibrium; beside carbon monoxide and hydrogen, the
product gas therefore also contains carbon dioxide, non-converted methane and steam.

For energy optimization and/or in feedstocks with higher hydrocarbons, a so-called
prereformer after the preheater can be used for pre-cracking the feedstock. In a further
heater, the pre-cracked feedstock then is heated to the desired inlet temperature into the
main reformer, for example the steam reformer. Conventional prereforming can be de-
fined as steam reforming process at limited temperatures (distinctly below 700 °C). It
leads to a gaseous intermediate product whose main constituents are methane and
steam. The intermediate product contains no or only small amounts of higher hydrocar-
bons. This intermediate product normally is treated further in a steam reformer referred

to as main reformer.

As is explained in Ullmann’s Encyclopedia of Industrial Chemistry, loc. cit., nickel-based
catalysts normally are used for steam reforming. The same are sensitive to catalyst poi-
sons such as sulfur, arsenic, copper, vanadium, lead and chlorine or halogens in gen-
eral. Sulfur in particular distinctly lowers the catalyst activity and can virtually be found in
all feedstocks which are suitable as feed for the steam reformation. Earlier desulfurizing
systems were operated with impregnated activated carbon as adsorbent and at ambient
temperature. The efficiency of this adsorption method, however, differs in dependence
on the specific sulfur compounds in the feed gas stream. For this reason, desulfurizing
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systems now are preferred in which the removal of sulfur compounds is effected on zinc
oxide as sorbent at temperatures of 350 to 400 °C. These desulfurizing systems based
on zinc oxide are very reliable in the absorption of hydrogen sulfide and, with limitations,
sulfur compounds such as carbonyl sulfide and mercaptans. The removal of cyclic or-
ganic sulfur compounds, such as e.g. thiophenes, on the other hand normally requires a
hydrogenation on cobalt-molybdenum or nickel-molybdenum catalysts with hydrogen or
a hydrogen-containing gas at temperatures of typically 350 to 380 °C. Reference here is
also made to hydrogenating desulfurization or hydrodesulfurization (HDS). The cyclic
sulfur compounds are hydrogenated to hydrogen sulfide which then is bound in a down-
stream fixed zinc oxide bed. This hydrogenation at the same time can be used to hydro-
genate unsaturated hydrocarbons, for example olefins or diolefins, in the feed gas. Be-
cause the temperature range for this hydrogenation usually is limited to 250 to 400 °C,
the content of unsaturated compounds in the feed gas must be limited, as their hydro-
genation proceeds strongly exothermally.

For steam reforming the use of methane-containing natural gas as feedstock or so-
called feed is dominant; but, depending on local availability, there are also used other
hydrocarbons, such as naphtha, liquefied gas or refinery gases. The U.S. patent specifi-
cation US 3,477,832 for example describes a process for producing a synthesis gas by
catalytic steam reforming of naphtha and similar hydrocarbons. Naphtha in the sense of
this application is understood to be hydrocarbons with a mean carbon number of seven,
which contain straight and branched hydrocarbons, a certain amount of aromatic and
olefinic hydrocarbons, and various impurities, for example sulfur components. In order to
transfer this substance mixture liquid at ambient conditions into a feed stream for steam
reforming, it is evaporated and heated, wherein the temperature ideally should lie be-
tween 260 and 316 °C, but by no means should exceed 343 °C, as otherwise a decom-
position of components contained in the feed will occur by forming undesired carbon de-

posits in the steam reforming plant and in upstream plant components.

The International Patent Application WO 2011/016981 A2 discloses a process for pro-
ducing a mixed feed stream for a steam reforming plant, wherein refinery gases, for ex-

ample FCC waste gas or coker waste gas, serve as a basis, to which gases a natural
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gas stream is admixed. Beside olefins, both refinery gases also contain diolefins
such as 1,3-butadiene. It is taught that the olefin content and the content of such
streams in organic sulfur compounds requires a pretreatment, in order to avoid the
deposition of carbon on the reforming catalyst or the poisoning of the catalyst with

sulfur compounds which otherwise might lead to a deactivation of such catalyst.

The U.S. patent specification US 7,037,485 B1 also teaches the formation of a mixed
feed for steam reforming, comprising a natural gas stream and a refinery gas stream.
The two feed streams initially are combined and mixed and subsequently heated by
indirect heat exchange against the hot product stream from the CO conversion plant
downstream of the steam reforming plant. Subsequently, the heated mixed stream is
treated in a reactor which contains a catalyst active both for the hydrogenation of the
olefins and the sulfur compounds and for the partial autothermal reformation (ATR).
Steam used as temperature moderator and optionally oxygen is added to the reactor
when the reactor is to be operated in the partial ATR mode, wherein pre-reforming of
the higher hydrocarbons to methane and synthesis gas constituents already is effect-
ed. What is disadvantageous is the logistics needed for supplying steam and oxygen.
Too much addition of steam also can lower the temperature in the reactor too much
and thus negatively influence pre-reforming. Furthermore, the downstream sulfur

separation then is impaired as well.

US 7,037,485 B1 furthermore teaches two embodiments of the process, in which the
natural gas stream and the refinery gas stream are pretreated completely separately
and are combined only before introduction into the steam reforming unit. It is very

disadvantageous that all pretreatment devices accordingly must be present twice.

Summary

In one aspect, there is provided a process for producing a mixed feed stream for a
steam reforming plant containing at least one reforming stage, comprising a first feed
stream containing methane and a second feed stream comprising higher hydrocar-
bons, olefins and diolefins, wherein the first and/or the second feed stream also con-
tains sulfur compounds, and wherein the process comprises the following steps:

(a) providing the first feed stream and the second feed stream,
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(b) heating the first feed stream in a first heating device,

(c) combining and mixing at least a part of the first feed stream with the second feed
stream, introducing this mixture into a first hydrogenation zone, at least partly con-
verting the diolefins in the first hydrogenation zone under diolefin hydrogenation con-
ditions, discharging a diolefin hydrogenation product stream from the first hydrogena-
tion zone,

(d) introducing the diolefin hydrogenation product stream into a second hydrogena-
tion zone, at least partly converting the olefins in the second hydrogenation zone un-
der olefin hydrogenation conditions, discharging an olefin hydrogenation product
stream from the second hydrogenation zone,

(e) introducing the olefin hydrogenation product stream into a third hydrogenation
zone, at least partly converting the sulfur compounds in the third hydrogenation zone
under conditions of the hydrodesulfurization (HDS) to desulfurized hydrocarbons and
hydrogen sulfide, discharging an HDS product stream from the third hydrogenation
zone,

(f) introducing the HDS product stream into at least one adsorption zone, filled with
an adsorbent selective for hydrogen sulfide, at least partly separating the hydrogen
sulfide by adsorption on the adsorbent, discharging an adsorber product stream de-
pleted of hydrogen sulfide from the adsorption zone,

(9) introducing the adsorber product stream as mixed feed stream into at least one
reforming stage, characterized in that

- after heating in the first heating device, the first feed stream is split up into a first
hydrogenation partial stream and a second hydrogenation partial stream,

- the first hydrogenation partial stream is introduced into a cooling device,

- a cooled first hydrogenation partial stream is discharged from the cooling device,

- the cooled first hydrogenation partial stream is combined and mixed with the second
feed stream,

- the mixture thus obtained is introduced into the first hydrogenation zone.

In another aspect of the present disclosure, there is provided an apparatus for pro-
ducing a mixed feed stream for a steam reforming plant containing at least one re-
forming stage, comprising a first feed stream containing methane and a second feed
stream comprising higher hydrocarbons, olefins and diolefins, wherein the first and/or
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the second feed stream also contains sulfur compounds, and wherein the apparatus
comprises the following components which are in fluid connection with each other:

(a) means for providing the first feed stream and the second feed stream,

(b) a first heating device for heating the first feed stream,

(c) means for combining and mixing at least a part of the first feed stream with the
second feed stream, a first hydrogenation zone, means for introducing this mixture in-
to the first hydrogenation zone, means for discharging a diolefin hydrogenation prod-
uct stream from the first hydrogenation zone,

(d) a second hydrogenation zone, means for introducing the diolefin hydrogenation
product stream into the second hydrogenation zone, means for discharging an olefin
hydrogenation product stream from the second hydrogenation zone,

(e) a third hydrogenation zone (HDS), means for introducing the olefin hydrogenation
product stream into the third hydrogenation zone, means for discharging an HDS
product stream from the third hydrogenation zone,

(f) an adsorption zone, filled with an adsorbent selective for hydrogen sulfide, means
for introducing the HDS product stream into the at least one adsorption zone, means
for discharging an adsorber product stream depleted of hydrogen sulfide from the ad-
sorption zone,

(g) at least one reforming stage, means for introducing the adsorber product stream
as mixed feed stream into the at least one reforming stage,

wherein the apparatus further comprises:

- a separating device for splitting up the first feed stream, after heating in the first
heating device, into a first hydrogenation partial stream and a second hydrogenation
partial stream,

- a cooling device and means for introducing the first hydrogenation partial stream in-
to the cooling device,

- means for discharging a cooled first hydrogenation partial stream from the cooling
device,

- means for combining and mixing the cooled first hydrogenation partial stream with
the second feed stream,

- means for introducing the mixture thus obtained into the first hydrogenation zone.

Description of the Invention
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It therefore is the object of the present invention to indicate a process and an apparatus
for producing a mixed feed stream for a steam reforming plant, which can do without the
described disadvantages of the prior art.

This object is solved by a process with the features of claim 1 and by an apparatus with
the features of claim 10. Further aspects of the invention will be found in the respective
sub-claims.

Process according to the invention:

A process for producing a mixed feed stream for a steam reforming plant containing at
least one reforming stage, comprising a first feed stream containing methane and a se-
cond feed stream comprising higher hydrocarbons, olefins and diolefins, wherein the
first and/or the second feed stream also contains sulfur compounds, and wherein the
process comprises the following steps:

(a) providing the first feed stream and the second feed stream,

(b) heating the first feed stream in a first heating device,

(c) combining and mixing at least a part of the first feed stream with the second feed
stream, introducing this mixture into a first hydrogenation zone, at least partly converting
the diolefins in the first hydrogenation zone under diolefin hydrogenation conditions, dis-
charging a diolefin hydrogenation product stream from the first hydrogenation zone,

(d) introducing the diolefin hydrogenation product stream into a second hydrogenation
zone, at least partly converting the olefins in the second hydrogenation zone under ole-
fin hydrogenation conditions, discharging an olefin hydrogenation product stream from
the second hydrogenation zone,

(e) introducing the olefin hydrogenation product stream into a third hydrogenation zone,
at least partly converting the sulfur compounds in the third hydrogenation zone under
hydrodesulfurization (HDS) conditions to desulfurized hydrocarbons and hydrogen sul-
fide, discharging an HDS product stream from the third hydrogenation zone,

(f) introducing the HDS product stream into at least one adsorption zone, filled with an
adsorbent selective for hydrogen sulfide, at least partly separating the hydrogen sulfide
by adsorption on the adsorbent, discharging an adsorber product stream depleted of hy-
drogen sulfide from the adsorption zone,
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(9) introducing the adsorber product stream as mixed feed stream into at least one re-
forming stage.

Apparatus according to the invention:

An apparatus for producing a mixed feed stream for a steam reforming plant containing
at least one reforming stage, comprising a first feed stream containing methane and a
second feed stream comprising higher hydrocarbons, olefins and diolefins, wherein the
first and/or the second feed stream also contains sulfur compounds, and wherein the
apparatus comprises the following components which are in fluid connection with each
other:

(a) means for providing the first feed stream and the second feed stream,

(b) a first heating device for heating the first feed stream,

(c) means for combining and mixing at least a part of the first feed stream with the se-
cond feed stream, a first hydrogenation zone, means for introducing this mixture into the
first hydrogenation zone, means for discharging a diolefin hydrogenation product stream
from the first hydrogenation zone,

(d) a second hydrogenation zone, means for introducing the diolefin hydrogenation
product stream into the second hydrogenation zone, means for discharging an olefin hy-
drogenation product stream from the second hydrogenation zone,

(e) a third hydrogenation zone (HDS), means for introducing the olefin hydrogenation
product stream into the third hydrogenation zone, means for discharging an HDS prod-
uct stream from the third hydrogenation zone,

(f) an adsorption zone, filled with an adsorbent selective for hydrogen sulfide, means for
introducing the HDS product stream into the at least one adsorption zone, means for
discharging an adsorber product stream depleted of hydrogen sulfide from the adsorp-
tion zone,

(g) at least one reforming stage, means for introducing the adsorber product stream as
mixed feed stream into the at least one reforming stage.

Fluid connection between two regions of the apparatus according to the invention is un-
derstood to be any kind of connection which enables a fluid, for example a gas stream,
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to flow from the one to the other of the two regions, regardless of any interposed regions
or components.

Higher hydrocarbons in the sense of the invention are understood to be all hydrocarbons

with more than one C atom in the molecule.

The conversion conditions required for the conversion of the diolefins in the first hydro-
genation zone, for the conversion of the olefins in the second hydrogenation zone and
for the conversion of the sulfur compounds in the third hydrogenation zone are known to
the skilled person from the prior art, for example from the documents discussed above.
Necessary adaptations of these conditions to the respective operating requirements will

be made on the basis of routine experiments.

According to the invention, the required hydrogenation of the mono- and diolefins and
the hydrodesulfurization of the organic sulfur compounds contained in the feed stream
are carried out step by step under process conditions optimized in each case. Further-
more, the inlet temperature into the respective reaction zone is controlled such that
overheating of the feedstocks is avoided, which otherwise leads to undesired coke de-
posits, cloggings and the accelerated deactivation of the catalysts used.

Since there are catalysts which enable the hydrogenation of olefins and the
hydrodesulfurization of organic sulfur compounds under the same or similar process
conditions, the invention in the case of the use of such catalysts is to be understood
such that the second and third hydrogenation zones coincide.

The second feed stream also can contain methane, hydrogen as well as metals and
chlorides. This frequently is the case when a refinery waste gas is used as second feed

stream.

When carrying out the process according to the invention, hydrogen is added to one or
both of the feed streams, unless sufficient hydrogen is present already in one of the feed
streams. For this purpose, a measurement of the hydrogen content is made by sampling
and analysis of the feed streams, possibly online; if necessary, the stoichometric need of
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hydrogen for the hydrogenation steps is completed by recirculation of a hydrogen recy-
cle stream from the hydrogen product stream of the steam reforming plant. In the appa-
ratus according to the invention corresponding measurement points or sampling points
as well as a return conduit for the recirculation of hydrogen from the steam reforming

product therefore must be provided.

Preferred Aspects of the Invention

In a preferred aspect of the process according to the invention combining and mixing of
at least a part of the first feed stream with the second feed stream is effected such that
on entry into the first hydrogenation zone the mixture has a temperature of less than 300
°C, preferably less than 250 °C, most preferably less than 230 °C. In this way, undesired
cracking and polymerization reactors of the olefins contained in the mixture, in particular
of the diolefins, are safely avoided. In these undesired reactions coke is formed, which is
deposited within the pipe conduits and apparatuses and blocks the same mechanically,
so that the pressure loss rises and the heat-exchange efficiency of heat exchangers is
impaired. The deposition of coke on or in the used fixed catalyst beds leads to their de-
activation. For removing the coke deposits the steam reforming plant must be shut
down, which results in shut-down periods and production losses.

A further preferred aspect of the process according to the invention is characterized in
that

- after heating in the first heating device, the first feed stream is split up into a first hy-
drogenation partial stream and a second hydrogenation partial stream,

- the first hydrogenation partial stream is introduced into a cooling device,

- a cooled first hydrogenation partial stream is discharged from the cooling device,

- the cooled first hydrogenation partial stream is combined and mixed with the second
feed stream,

- the mixture thus obtained is introduced into the first hydrogenation zone.

It is very advantageous that the second feed stream, which contains the olefins and
diolefins, is added to the cooled first hydrogenation partial stream and thus is introduced
into the process at a relatively cold point. This measure also is very helpful to avoid un-
desired cracking and polymerization reactions of the olefins and diolefins contained in
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the mixture. It is particularly advantageous that the second feed stream, which contains
the olefins and diolefing, no longer gets in contact with heat-exchange surfaces of heat
exchangers prior to the conversion of the diolefins in the first hydrogenation zone. As
due to heat transfer limitations said heat exchange surfaces always must be hotter than
the desired exit temperature of the fluid stream from the heat exchanger, an increased
decomposition of unsaturated hydrocarbons to coke occurs at such heat-exchange sur-
faces.

In a development of the above aspect of the process according to the invention the
diolefin hydrogenation product stream is combined and mixed with the second hydro-
genation partial stream and the mixture thus obtained is introduced into the second hy-
drogenation zone. In this way, all olefins are supplied to the hydrogenation in the second
hydrogenation zone. Due to the fact that the diolefins in the second feed stream have
first been pre-hydrogenated in the first hydrogenation zone, the reaction conditions in
the second hydrogenation zone can be optimized with regard to the hydrogenation of
the monoolefins. Furthermore, the exothermicity in the second hydrogenation zone is
reduced.

In a further development of the two above aspects of the process according to the inven-
tion an air cooler or a heat exchanger is used as cooling device, wherein in use of a heat
exchanger cooling preferably is effected by indirect heat exchange against at least a
part of the first feed stream before the first heating device. Both cooling devices provide
for sufficient cooling of the first hydrogenation partial stream prior to addition of the se-
cond feed stream. In use of a heat exchanger the enthalpy of the first hydrogenation
partial stream also is utilized for heating another fluid stream, preferably the cold first
feed stream.

In the above aspects of the process according to the invention it is preferred particularly
when the cooling capacity of the cooling device and/or the quantity ratio of the first hy-
drogenation partial stream to the second hydrogenation partial stream is chosen such
that on entry into the first hydrogenation zone the mixture has a temperature of less than
300 °C, preferably less than 250 °C, most preferably less than 230 °C. The desired inlet
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temperature of the mixture into the first hydrogenation zone accordingly can be set by
either controlling the cooling capacity of the cooling device or alternatively by varying the
quantity ratio of the first hydrogenation partial stream to the second hydrogenation par-
tial stream by corresponding quantity and flow control. A combination of both measures
also is possible. This results in additional degrees of freedom and a large flexibility when
setting the desired inlet temperature into the first hydrogenation zone.

In a particular aspect of the process according to the invention the second feed stream
is introduced into an adsorption zone, which is filled with an adsorbent selective for met-
als, before combining and mixing the same with at least a part of the first feed stream.
Petroleum-based feed streams such as refinery waste gases can contain significant
amounts of metals, which can act as catalyst poisons in downstream process stages

and therefore must first be removed.

In a further aspect of the process according to the invention the first heating device is
designed as heat exchanger, wherein the first feed stream is heated by indirect heat ex-
change against a hot raw synthesis gas product stream from the steam reforming plant,
against a hot flue gas stream from the reformer furnace or against a hot product gas
stream from the CO conversion plant (CO shift) downstream of the steam reforming
plant. Due to this measure the heat content of said process streams is utilized for heat-
ing the first feed stream and thus the energy efficiency of the entire process is improved.

In a development of the process according to the invention the steam reforming plant
comprises a pre-reforming stage (prereformer) in which higher hydrocarbons are at least
partly converted to methane under pre-reforming conditions. This development particu-
larly advantageously cooperates with the process according to the invention for produc-
ing a mixed feed stream, as the mono- and diolefins contained in the mixed feed stream
are hydrogenated to the corresponding alkanes which then can specifically be pre-
converted to methane in the pre-reforming stage, before the mixed feed stream gets into

the main reforming stage.
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In a particular aspect of the apparatus according to the invention the same furthermore
comprises means which provide for carrying out the combining and mixing of at least a
part of the first feed stream with the second feed stream such that on entry into the first
hydrogenation zone the mixture has a temperature of less than 300 °C, preferably less
than 250 °C, most preferably less than 230 °C. Such means in particular comprise tem-
perature measuring and temperature control devices. In this way, undesired cracking
and polymerization reactors of the olefins contained in the mixture, in particular of the
diolefins, are safely avoided. In these undesired reactions coke is formed, which is de-
posited within the pipe conduits and apparatuses and blocks the same mechanically, so
that the pressure loss rises and the heat-exchange efficiency of heat exchangers is im-
paired. The deposition of coke on or in the used fixed catalyst beds leads to their deacti-
vation. For removing the coke deposits the steam reforming plant must be shut down,
which results in shut-down periods and production losses.

A further preferred aspect of the apparatus according to the invention is characterized in
that the same furthermore comprises:

- a separating device for splitting up the first feed stream, after heating in the first heat-
ing device, into a first hydrogenation partial stream and a second hydrogenation partial
stream,

- a cooling device and means for introducing the first hydrogenation partial stream into
the cooling device,

- means for discharging a cooled first hydrogenation partial stream from the cooling de-
vice,

- means for combining and mixing the cooled first hydrogenation partial stream with the
second feed stream,

- means for introducing the mixture thus obtained into the first hydrogenation zone.

It is very advantageous that due to this configuration of the apparatus the second feed
stream, which contains the olefins and diolefins, is added to the cooled first hydrogena-
tion partial stream and thus is introduced into the process at a relatively cold point. This
measure also is very helpful to avoid undesired cracking and polymerization reactions of
the olefins and diolefins contained in the mixture. It is particularly advantageous that the
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second feed stream, which contains the olefins and diolefins, no longer gets in contact
with heat-exchange surfaces of heat exchangers prior to the conversion of the diolefins
in the first hydrogenation zone. As due to heat transfer limitations said heat exchange
surfaces always must be hotter than the desired exit temperature of the fluid stream
from the heat exchanger, an increased decomposition of unsaturated hydrocarbons to
coke occurs on such heat-exchange surfaces.

In a development of the above configuration of the apparatus according to the invention
the same furthermore comprises means for combining and mixing the diolefin hydro-
genation product stream with the second hydrogenation partial stream and for introduc-
ing the obtained mixture into the second hydrogenation zone. In this way, all olefins are
supplied to the hydrogenation in the second hydrogenation zone. Due to the fact that the
diolefins in the second feed stream have first been pre-hydrogenated in the first hydro-
genation zone, the reaction conditions in the second hydrogenation zone can be opti-
mized with regard to the hydrogenation of the monoolefins. Furthermore, the
exothermicity in the second hydrogenation zone is reduced.

In a further development of the two above configurations of the apparatus according to
the invention an air cooler or a heat exchanger is used as cooling device, wherein in use
of a heat exchanger cooling preferably is effected by indirect heat exchange against at
least a part of the first feed stream before the first heating device. Both cooling devices
provide for sufficient cooling of the first hydrogenation partial stream prior to addition of
the second feed stream. In use of a heat exchanger the enthalpy of the first hydrogena-
tion partial stream also is utilized for heating another fluid stream, preferably the cold
first feed stream.

In the above configurations of the apparatus according to the invention it is preferred
particularly when the cooling capacity of the cooling device can be set such and/or the
quantity ratio of the first hydrogenation partial stream to the second hydrogenation par-
tial stream can be chosen by means of at least one flow control device such that on en-
try into the first hydrogenation zone the mixture has a temperature of less than 300 °C,
preferably less than 250 °C, most preferably less than 230 °C. The desired inlet temper-
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ature of the mixture into the first hydrogenation zone accordingly can be set by either
controlling the cooling capacity of the cooling device or alternatively by varying the quan-
tity ratio of the first hydrogenation partial stream to the second hydrogenation partial
stream by corresponding quantity and flow control. A combination of both measures also
is possible. This results in additional degrees of freedom and a large flexibility when set-
ting the desired inlet temperature into the first hydrogenation zone.

In a particular configuration of the apparatus according to the invention the same fur-
thermore comprises an adsorption zone which is filled with an adsorbent selective for
metals and which is disposed upstream of the one or more means for combining and
mixing the second feed stream with at least a part of the first feed stream. Petroleum-
based feed streams such as refinery waste gases can contain significant amounts of
metals, which in downstream process stages can act as catalyst poisons and therefore

must first be removed.

In a further aspect of the apparatus according to the invention the first heating device is
designed as heat exchanger and suited to carry out an indirect heat exchange between
the first feed stream and a hot raw synthesis gas product stream from the steam reform-
ing plant, a hot flue gas stream from the reformer furnace, or a hot product gas stream
from the CO conversion plant (CO shift) downstream of the steam reforming plant. Due
to this configuration the heat content of said process streams is utilized for heating the
first feed stream and thus the energy efficiency of the entire process is improved.

In a development of the apparatus according to the invention the steam reforming plant
comprises a pre-reforming stage (prereformer) in which higher hydrocarbons are at least
partly converted to methane under pre-reforming conditions. This development particu-
larly advantageously cooperates with the apparatus according to the invention for pro-
ducing a mixed feed stream, as the mono- and diolefins contained in the mixed feed
stream are hydrogenated to the corresponding alkanes which then can specifically be
pre-converted to methane in the pre-reforming stage, before the mixed feed stream gets

into the main reforming stage.
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Exemplary embodiments and numerical examples

Further features, advantages and possible applications of the invention can also be
taken from the following description of exemplary embodiments and numerical exam-
ples as well as the drawings. All features described and/or illustrated form the subject-
matter of the invention per se or in any combination, independent of their inclusion in

the claims or their back-reference.

In the drawings:

Fig. 1 shows a process for producing a natural gas feed stream and its subse-

guent conversion in a steam reforming plant according to the prior art,

Fig. 2 shows the schematic representation of the process of the invention and the
apparatus of the invention according to a first aspect,

Fig. 3 shows the schematic representation of the process of the invention and the
apparatus of the invention according to a second aspect.

In Fig. 1 a process for producing a natural gas feed stream and its subsequent conver-
sion to a hydrogen-containing product gas in a stream reforming plant according to the
prior art is schematically shown as block flow diagram (Life Cycle Assessment of Hydro-
gen Production via Natural Gas Steam Reforming, Spath, P. L., Mann, M. K., National
Renewable Energy Laboratory Technical Report, NREL/TP-570-27637, February 2001,
Figure 1, page 4).

A hydrocarbonaceous feed stream, for example natural gas (NG), is guided into a hy-
drogenation stage (Hydr). In the same, the hydrogenation of unsaturated hydrocarbons,
for example of mono- and diolefins, to the corresponding alkanes is effected, as well as
the hydrodesulfurizaton (HDS) of sulfur-containing organic compounds, for example of
mercaptans, to sulfur-reduced organic compounds and hydrogen sulfide (H2S). The lat-
ter is adsorbed or absorbed on zinc oxide (ZnO) in the downstream sorption stage and
the sulfur content thus is removed from the reformer feed. The reformer feed subse-
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quently is introduced into the steam reforming stage (R) and in the same converted with
likewise supplied steam (V) to obtain a raw synthesis gas. The raw synthesis gas sub-
sequently is charged to a CO conversion stage (shift) in which carbon monoxide (CO)
contained in the raw synthesis gas is converted to further hydrogen by using additionally
supplied steam (not illustrated). The product stream of the CO conversion stage subse-
quently is guided into a pressure swing adsorption plant (PSA) in which it is split up into
a hydrogen clean product stream and a residual gas stream (F). The residual gas
stream still contains combustible components and is recirculated to the reformer, where
it serves for heating the reformer furnace together with additionally supplied natural gas.
A part of the hydrogen clean product stream is recirculated to the hydrogenation stage
as hydrogenating agent.

Fig. 2 schematically shows the process of the invention and the apparatus of the inven-
tion according to a first aspect. Via conduit 10 the first feed stream, in the present case
natural gas, is passed to the heat exchanger 30. Via conduit 20 a second feed stream,
in the present example a refinery waste gas, is supplied to the adsorber 21 which is
filled with an adsorbent selective for metals, for example activated carbon impregnated
with sulfur, and thus effects a demetallization of the second feed stream. The adsorber
furthermore contains an adsorbent for the deposition of chlorides.

Via conduit 22 the second feed stream depleted of metals is guided to the condenser
23, condensed there and via conduit 24 combined and mixed with the first feed stream
in conduit 10. The resulting mixed feed stream is heated in the heat exchanger 30 by in-
direct heat exchange against the hot product gas stream from the CO conversion plant
(CO shift) downstream of the steam reforming plant, which via conduit 32 is guided to
the heat exchanger 30.

To limit the increase in temperature when heating the mixed feed stream in the heat ex-
changer 30, the same is equipped with a bypass, conduit 34 and a control valve 35 ar-
ranged in the conduit path 34. In the same way, the exothermicity of the hydrogenation
of the unsaturated hydrocarbons can be taken into account and the exit temperature for
example from the second hydrogenation zone can be kept constant. In an alternative
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configuration the conduit path 34 and the control valve 35 arranged therein also can be
omitted and instead a cooling device can be integrated into the conduit path 31 (not il-
lustrated). In a further alternative configuration, instead of the bypass of conduit 34, with
which a part of the hot product gas stream from the CO conversion plant is guided
around the heat exchanger 30, a bypass can be connected with which a part of the cold
first feed stream, here natural gas, is guided around the heat exchanger 30 (not illustrat-
ed). Combinations of these configurations also are possible.

Via conduit 31 the heated, mixed feed stream is discharged from the heat exchanger 30
and via conduit 40 charged to the diolefin hydrogenation reactor 41 (first hydrogenation
zone), which is equipped with a fixed bed of a granular, solid hydrogenation catalyst
which is active and selective for the hydrogenation of olefins, in particular diolefins, and
at the same time is resistant to poisoning by organic sulfur compounds. Corresponding
catalysts are kept in stock by the trade. The reaction conditions in the diolefin hydro-
genation reactor, in particular the kind of and the chosen inlet temperature, are chosen
such that there above all the diolefins contained in the mixed feed stream, but also a
smaller part of the contained monoolefins, are hydrogenated to the corresponding
monoolefins or alkanes and the adiabatic increase in temperature is limited. Via conduit
42, the diolefin hydrogenation product stream is discharged from the diolefin hydrogena-
tion reactor.

Conduit 43 branching off from conduit 40, the valve 44 arranged in the conduit path 43,
and further non-illustrated shut-off devices and auxiliary conduits substantially serve the
connection of a bypass around the diolefin hydrogenation reactor 41, if revision work, for
example an exchange of the contained hydrogenation catalyst, must be carried out on
the latter in ongoing operation. In normal operation the valve 44 remains closed.

The diolefin hydrogenation product stream depleted of diolefins, which is discharged
from the diolefin hydrogenation reactor via conduit 42, is charged to the hydrogenation
reactor 51 (second hydrogenation zone) via conduit 50. In the present example, the
same is equipped with an upper and a lower fixed catalyst bed. The upper fixed catalyst
bed, which forms the second hydrogenation zone, contains a bed of a granular, solid
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hydrogenation catalyst which is active and selective for the hydrogenation of olefins and
at the same time is resistant to poisoning by organic sulfur compounds. The lower fixed
catalyst bed forming the third hydrogenation zone on the other hand above all serves
the hydrogenating desulfurization (hydrodesulfurization, HDS) of the contained organic
sulfur components. Such catalysts also are known per se and commercially available;
they are often based on the active components nickel-molybdenum (NiMo) or cobalt-
molybdenum (CoMo).

Via conduit 52, the HDS product stream is discharged from the olefin hydrogenation re-
actor. It now largely only contains hydrogenated and thus saturated hydrocarbons and
hydrogen sulfide. Via conduit 60 this material stream is introduced into a first adsorber
61 which in the present example contains two adsorption zones designed as fixed beds.
The upper adsorption zone is equipped with a bed of a solid alumina-based adsorbent
which is active for the adsorption of chlorides. The lower adsorption zone contains a bed
of a solid sorbent on the basis of zinc oxide for the removal of hydrogen sulfide. Both

sorbents are known per se and commercially available.

Via conduit 62 a first adsorber product stream depleted of hydrogen sulfide and chlo-
rides is discharged from the first adsorber 61 and via conduit 70 introduced into a se-
cond adsorber 71 which is constructed and filled in the same way as the first adsorber
61. When the first and the second adsorber are connected in series, the second
adsorber serves for the aftertreatment of the first adsorber product stream, whereby a
second first adsorber product stream further depleted of hydrogen sulfide and chlorides
is obtained, which is discharged from the second adsorber 71 via conduit 72.

Conduit 63 branching off from conduit 60, the valve 64 arranged in the conduit path 63,
and further non-illustrated shut-off devices and auxiliary conduits for example serve the
connection of a bypass around the first adsorber 61, if revision work, for example an ex-
change of the contained sorbents, must be carried out on the latter in ongoing operation.

Via conduit 72 the now completely pre-treated mixed feed stream is discharged from the
process or the apparatus. It can now be supplied to a steam reforming plant. As due to
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its origin and pretreatment the feed stream now contains a significant amount of higher
hydrocarbons, it is recommendable to initially subject the same to prereforming by
means of which the higher hydrocarbons are split into methane and/or already are partly
converted to synthesis gas constituents.

In the schematic representation of the process of the invention or the apparatus of the
invention according to a second aspect as shown in Fig. 3 identical reference numerals
in principle correspond to the process steps and apparatus components as they have
been described already in the explanation of the first aspect of the invention, Fig. 1. The
respective process conditions, working steps, apparatus components and auxiliary sub-
stances also are the same, unless described otherwise in the following.

In contrast to the first aspect the first feed stream (natural gas) now is not combined with
the second feed stream (refinery waste gas) before heating in the heat exchanger 30,
but is heated alone in the heat exchanger. This has the advantage that the risk of coke
deposits in the heat exchanger 30 is reduced considerably, as the concentration of un-
saturated compounds in the fluid stream guided in conduit 10 is considerably smaller, of-
ten even equal to zero. A bypass around the heat exchanger 30, which is meant to re-
duce the increase in temperature on heating, therefore can be omitted.

The heated first feed stream leaves the heat exchanger 30 via conduit 31 and is split up
into a first and a second hydrogenation partial stream, which are guided on in conduits
45 and 43. The valve 44 now is designed as control valve and along with further, partly
non-illustrated control devices serves for setting the mass flows of the two hydrogena-
tion partial streams. Via conduit 45 and a valve 46 arranged in the conduit path 45 the
first hydrogenation partial steam is introduced into a cooling device 47 which in the pre-
sent example is designed as air cooler. The cooled first hydrogenation partial stream is
discharged from the cooling device 47 via conduit 40 and now combined and mixed with
the second feed stream, which is supplied via conduit 24 after it has first been
demetallized and condensed in the way described above.
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It is very advantageous that the second feed stream, which contains the olefins and
diolefins, is added to the cooled first hydrogenation partial stream and thus is introduced
into the process at a relatively cold point. By correspondingly setting the cooling capacity
of the cooling device and/or the quantity ratio of the first hydrogenation partial stream to
the second hydrogenation partial stream it is ensured that on entry into the diolefin hy-
drogenation reactor 41 (first hydrogenation zone) the mixture has a temperature of less
than 300 °C, preferably less than 250 °C, most preferably less than 230 °C. This meas-
ure is very helpful to avoid undesired cracking and polymerization reactions of the ole-
fins and diolefins contained in the mixture. It is particularly advantageous that before the
conversion of the diolefins in the first hydrogenation zone the second feed stream no
longer gets in contact with heat-exchange surfaces of heat exchangers, for example of
the heat exchanger 30. As due to heat transfer limitations said heat exchange surfaces
always must be hotter than the desired exit temperature of the fluid stream from the heat
exchanger, an increased decomposition of unsaturated hydrocarbons t0 coke occurs at
such heat-exchange surfaces.

Via conduit 40 the mixture formed of the cooled first hydrogenation partial stream and
the second feed stream is charged to the diolefin hydrogenation reactor 41 as first hy-
drogenation reactor, which with regard to its features and its operation corresponds to
the above-discussed first aspect of the invention. By corresponding adaptation for ex-
ample of the cooling capacity of the cooling device, the inlet temperature into the diolefin
hydrogenation reactor is set to the optimum value.

Via conduit 42 and the valve 48 located in the conduit path 42 a diolefin hydrogenation
product stream depleted of diolefins is discharged from the diolefin hydrogenation reac-
tor and combined with the second hydrogenation partial stream supplied via conduit 43.
The mixture thus obtained is guided to the olefin hydrogenation reactor 51 (second hy-
drogenation zone) via conduit 50. From reference numeral 50 the second aspect corre-
sponds to the first aspect of the invention.
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Numerical examples

In the following numerical examples the mode of action of the invention is illustrated with
reference to the results of simulation calculations. Organic sulfur components are not
taken into account here, as for the resulting temperature profiles the hydrogenation of
the mono- and diolefins is decisive.

Both examples are based on natural gas as first feed stream and on a refinery waste
gas as second feed stream. The compositions of the first and the second feed stream
are shown in the columns for conduit 10 and conduit 24 of the material stream table in-
dicated below. All further indications in the material stream table only are applicable for
Example 2. The hydrogen content of the refinery waste gas is sufficient for the hydro-
genation steps according to the invention, so that the recirculation of hydrogen from the
hydrogen product stream of the steam reforming plant can be omitted.

Example 1
According to the first aspect of the invention natural gas as first feed stream is guided to

the heat exchanger 30 via conduit 10 at room temperature (25 °C). A refinery waste gas
as second feed stream initially is demetallized in the adsorber 21 and subsequently
condensed in the condenser 23 and then has a temperature of 81 °C. Via conduit 24 the
second feed stream is combined with the first feed stream. In the heat exchanger 30 the
mixed feed streams are heated such that the temperature in conduit 40 is 260 °C before
entry into the diolefin hydrogenation reactor 41. Due to the exothermally proceeding hy-
drogenation of the diolefins and a part of the olefins, the temperature in conduit 50 be-
fore entry into the second hydrogenation stage (reactor 51, olefin hydrogenation + HDS)
is about 290 °C. Due to the again released reaction enthalpy of the hydrogenation of the
olefins and sulfur compounds the temperature at the outlet of the reactor 51 is about 360
°C (conduit 52). With a temperature slightly below this value the gas stream enters into
the adsorber 61 via conduit 60, in which adsorber the hydrogen sulfide formed during
the hydrodesulfurization is bound to zinc oxide.

In the aspect of the invention as shown in Example 1 it is advantageous that at the inlet
of the diolefin hydrogenation reactor 41 and of the olefin hydrogenation or HDS reactor
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51 a temperature of 300 °C is not exceeded. The upper limit of 343 °C as defined in US
3,477,832 safely is maintained and the deposition of coke on the hydrogenation cata-
lysts and of adsorbent thus is prevented.

Example 2
The composition and properties of important material streams in conjunction with the fol-

lowing explanation of a second example are shown in the indicated material stream ta-
ble.

According to the second aspect of the invention natural gas as first feed stream is guid-
ed to the heat exchanger 30 via conduit 10 at room temperature (25 °C). In the heat ex-
changer 30 the natural gas stream is heated without admixing the second feed stream,
so that the gas temperature in conduit 31 before branching into conduits 43 and 45 is
368 °C. The first hydrogenation partial stream branched off via conduit 45 is introduced
into the cooling device 47, cooled there. and via conduit 40 combined with the second
feed stream, which is supplied via conduit 24 and has a temperature of 81 °C. The mix-
ture obtained then enters into the diolefin hydrogenation reactor 41 with a temperature
of 222 °C and leaves said reactor in conduit 42 with a temperature of 229 °C. After com-
bining and mixing with the second hydrogenation partial stream (conduit 43) the mixture
thus obtained enters into the olefin hydrogenation or HDS reactor 51 with a temperature
of 313 °C and leaves the same in conduit 52 with a temperature of 354 °C.



PCT/EP2017/025037

WO 2017/157531

-22 -

0+0 60°0 900 900 Z+k0 000 Zh0 8UBXdH-U
900 900 ¥0°0 ¥0°0 800 000 800 auejUad-l
60°0 80°0 60°0 60°0 80°0 040 800 auejUad-U
000 000 000 €00 000 GO0 000 auaipeing
000 Zk0 62°0 920 000 0G0 000 sualng
€€0 0zZ0 Zk0 Zk0 920 000 920 aueINg-I
¥€0 ¥€0 9€0 9€0 ze0 0v'0 ze0 auBINg-u
000 ov'0 960 G6'0 000 08} 000 susdold
167} ¥G} .G} 9G'I 28 09} 25t suedold
000 000 000 000 000 000 000 EVE!
000 00'} Ve ¥5'2 000 08V 000 EVENE]
8.8 29/ €80} 1970} GE'G & GE'G sueyl]
Z128 €G08 6289 20°89 8168 Gz 6¥ 0268 ENEVE
000 000 000 000 000 000 000 Iy
000 000 000 000 000 000 000 0
/€72 €ee 08¢ 6.C 00¢ 0G'¢ 002 °N
910 €00 /070 000 000 000 000 O°H
/870 980 960 960 L0} 040 L0} ‘00
€0 920 290 69°0 000 gt 000 0D
1972 €5 Y 16701 Iz 200 0z'te 000 °H
(%) uoloel} 8|0

¥5€ ) 622 2ee 89¢ I8 Gz (Do) einjesedwe |
9125¢ 912G¢ 80GY | 80GY | 019/2 G09/ 01922 (u/b¥)
aleJ MOJ} SSE

0L61 GYB 1 G08 808 61GH 82y 6LG1 (U/10wy)
ajel MoJ} Je|oN

(SaH (SaH
+ "IpAY uye|0) +upAy uyeio) | (pAy uyeioig) | (UpAY uyslolQ)
8uo0z auoz auoz 8uo0z (seb (seb s)sem

uolteusbolpAy
pU0D8S - }ONP0Id

uonreuabolpAy
pu0o8s - pad

uoneusboipAy
1841} - 1ONP0.d

uoleuaboip
-Ay 1811} - pod4

[einleU) weslis
ped} 1.l palesy

Aisuljal) wesalis
pa8} puooss

(seb [enieu)
weaJls pas; 1s.i}

uolreubisag

4]

0S

(44

ov

1€

Ve

ol

"ON INpUo)

UONUSAUI 8y} Jo 108dse puodas ‘z aidwex] ‘a|qel weans |elsien




10

15

20

25

30

WO 2017/157531 PCT/EP2017/025037
-23.

All in all, the aspect of the invention explained in Example 2 has the same advantages
as explained in conjunction with Example 1. A further advantage consists in that the se-
cond feed stream, which contains by far the most part of the olefins and diolefins, is in-
troduced into the process at a relatively cold point and in particular is not heated in the
heat exchanger 30 together with the first feed stream. By correspondingly setting the
cooling capacity of the cooling device and/or the quantity ratio of the first hydrogenation
partial stream to the second hydrogenation partial stream it is ensured that on entry into
the diolefin hydrogenation reactor 41 the mixture has the desired temperature of below
230 °C.

Industrial Applicability

The invention provides a process and an apparatus for producing a mixed feed stream
for a steam reforming plant. As feed streams natural gas and higher hydrocarbon
streams can be used, which include a significant amount of unsaturated hydrocarbons
and organic sulfur compounds. Due to the stepwise hydrogenation according to the in-
vention and the optimized temperature profile overheating of the feedstocks is avoided,
which leads to thermal cracking in particular of the contained unsaturated hydrocarbons,
to undesired coke deposits and thus to cloggings of the apparatus and downstream sys-
tems and to the accelerated deactivation of the catalysts used. The availability of the
plant and therefore the economy of the downstream steam reforming plant thereby is in-
creased.

List of Reference Numerals

10 conduit

20 conduit

21 adsorber (demetallization)
22 conduit

23 condenser

24 conduit

30 heat exchanger
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conduit
conduit
conduit
conduit

valve

conduit
diolefin hydrogenation reactor (first hydrogenation zone)
conduit
conduit

valve

conduit

valve

cooling device
conduit
conduit

olefin hydrogenation + HDS reactor (second + third hydrogenation zones)
conduit
conduit
adsorber
conduit
conduit

valve

conduit
adsorber

conduit
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Claims:

1. A process for producing a mixed feed stream for a steam reforming plant con-
taining at least one reforming stage, comprising a first feed stream containing me-
thane and a second feed stream comprising higher hydrocarbons, olefins and diole-
fins, wherein the first and/or the second feed stream also contains sulfur compounds,
and wherein the process comprises the following steps:

(a) providing the first feed stream and the second feed stream,

(b) heating the first feed stream in a first heating device,

(c) combining and mixing at least a part of the first feed stream with the second feed
stream, introducing this mixture into a first hydrogenation zone, at least partly con-
verting the diolefins in the first hydrogenation zone under diolefin hydrogenation con-
ditions, discharging a diolefin hydrogenation product stream from the first hydrogena-
tion zone,

(d) introducing the diolefin hydrogenation product stream into a second hydrogena-
tion zone, at least partly converting the olefins in the second hydrogenation zone un-
der olefin hydrogenation conditions, discharging an olefin hydrogenation product
stream from the second hydrogenation zone,

(e) introducing the olefin hydrogenation product stream into a third hydrogenation
zone, at least partly converting the sulfur compounds in the third hydrogenation zone
under conditions of the hydrodesulfurization (HDS) to desulfurized hydrocarbons and
hydrogen sulfide, discharging an HDS product stream from the third hydrogenation
zone,

(f) introducing the HDS product stream into at least one adsorption zone, filled with
an adsorbent selective for hydrogen sulfide, at least partly separating the hydrogen
sulfide by adsorption on the adsorbent, discharging an adsorber product stream de-
pleted of hydrogen sulfide from the adsorption zone,

(9) introducing the adsorber product stream as mixed feed stream into at least one
reforming stage, characterized in that

- after heating in the first heating device, the first feed stream is split up into a first
hydrogenation partial stream and a second hydrogenation partial stream,

- the first hydrogenation partial stream is introduced into a cooling device,

- a cooled first hydrogenation partial stream is discharged from the cooling device,



-25a-

- the cooled first hydrogenation partial stream is combined and mixed with the second
feed stream,
- the mixture thus obtained is introduced into the first hydrogenation zone.

2. The process according to claim 1, characterized in that combining and mixing
of at least a part of the first feed stream with the second feed stream is effected such
that on entry into the first hydrogenation zone the mixture has a temperature of less
than 300 °C, preferably less than 250 °C, most preferably less than 230 °C.
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3. The process according to claim 1 or 2, characterized in that the diolefin hydro-
genation product stream is combined and mixed with the second hydrogenation par-
tial stream and the mixture thus obtained is introduced into the second hydrogenation

zZzone.

4. The process according to claim 2 or 3, characterized in that an air cooler or a
heat exchanger is used as cooling device, wherein in use of a heat exchanger cool-
ing preferably is effected by indirect heat exchange against at least a part of the first

feed stream before the first heating device.

5. The process according to any of the preceding claims, characterized in that
the cooling capacity of the cooling device and/or the quantity ratio of the first hydro-
genation partial stream to the second hydrogenation partial stream is chosen such
that on entry into the first hydrogenation zone the mixture has a temperature of less
than 300 °C, preferably less than 250 °C, most preferably less than 230 °C.

6. The process according to any of the preceding claims, characterized in that
prior to combining and mixing with at least a part of the first feed stream the second
feed stream is introduced into an adsorption zone which is filled with an adsorbent

selective for metals.

7 The process according to any of the preceding claims, characterized in that
the first heating device is designed as heat exchanger, wherein the first feed stream
is heated by indirect heat exchange against a hot raw synthesis gas product stream
from the
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steam reforming plant, against a hot flue gas stream from the reformer furnace or
against a hot product gas stream from the CO conversion plant (CO shift) down-
stream of the stream reforming plant.

8. The process according to any of the preceding claims, characterized in that
the steam reforming plant comprises a pre-reforming stage (prereformer) in which
higher hydrocarbons are at least partly converted to methane under pre-reforming

conditions.

9. An apparatus for producing a mixed feed stream for a steam reforming plant con-
taining at least one reforming stage, comprising a first feed stream containing me-
thane and a second feed stream comprising higher hydrocarbons, olefins and diole-
fins, wherein the first and/or the second feed stream also contains sulfur compounds,
and wherein the apparatus comprises the following components which are in fluid
connection with each other:

(a) means for providing the first feed stream and the second feed stream,

(b) a first heating device for heating the first feed stream,

(c) means for combining and mixing at least a part of the first feed stream with the
second feed stream, a first hydrogenation zone, means for introducing this mixture in-
to the first hydrogenation zone, means for discharging a diolefin hydrogenation prod-
uct stream from the first hydrogenation zone,

(d) a second hydrogenation zone, means for introducing the diolefin hydrogenation
product stream into the second hydrogenation zone, means for discharging an olefin
hydrogenation product stream from the second hydrogenation zone,

(e) a third hydrogenation zone (HDS), means for introducing the olefin hydrogenation
product stream into the third hydrogenation zone, means for discharging an HDS
product stream from the third hydrogenation zone,

(f) an adsorption zone, filled with an adsorbent selective for hydrogen sulfide, means
for introducing the HDS product stream into the at least one adsorption zone, means
for discharging an adsorber product stream depleted of hydrogen sulfide from the ad-
sorption zone,

(g) at least one reforming stage, means for introducing the adsorber product stream
as mixed feed stream into the at least one reforming stage,
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wherein the apparatus further comprises:

- a separating device for splitting up the first feed stream, after heating in the first
heating device, into a first hydrogenation partial stream and a second hydrogenation
partial stream,

- a cooling device and means for introducing the first hydrogenation partial stream in-
to the cooling device,

- means for discharging a cooled first hydrogenation partial stream from the cooling
device,

- means for combining and mixing the cooled first hydrogenation partial stream with
the second feed stream,

- means for introducing the mixture thus obtained into the first hydrogenation zone.

10. The apparatus according to claim 9, characterized in that the apparatus fur-
thermore comprises means which provide for carrying out the combining and mixing
of at least a part of the first feed stream with the second feed stream such that on en-
try into the first hydrogenation zone the mixture has a temperature of less than 300
°C, preferably less than 250 °C, most preferably less than 230 °C.

11.  The apparatus according to claim 9 or 10, characterized in that the apparatus
furthermore comprises means for combining and mixing the diolefin hydrogenation
product stream with the second hydrogenation partial stream and for introducing the

obtained mixture into the second hydrogenation zone.

12.  The apparatus according to any of claims 9 to 11, characterized in that an air
cooler or a heat exchanger is used as cooling device, wherein in use of a heat ex-
changer cooling preferably is effected by indirect heat exchange against at least a
part of the first feed stream before the first heating device.

13.  The apparatus according to any of claims 9 to 12, characterized in that the
cooling capacity of the cooling device can be set and/or the quantity ratio of the first
hydrogenation partial stream to the second hydrogenation partial stream can be cho-

sen by
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means of a flow control device such that on entry into the first hydrogenation zone
the mixture has a temperature of less than 300 °C, preferably less than 250 °C, most

preferably less than 230 °C.

14.  The apparatus according to any of claims 9 to 13, characterized in that the ap-
paratus furthermore comprises an adsorption zone which is filled with an adsorbent
selective for metals and which is disposed upstream of the one or more means for
combining and mixing the second feed stream with at least a part of the first feed

stream.

15.  The apparatus according to any of claims 9 to 14, characterized in that the first
heating device is designed as heat exchanger and suited to carry out an indirect heat
exchange between the first feed stream and a hot raw synthesis gas product stream
from the steam reforming plant, a hot flue gas stream from the reformer furnace, or a
hot product gas stream from the CO conversion plant (CO shift) downstream of the

steam reforming plant.

16. The apparatus according to any of claims 9 to 15, characterized in that the
steam reforming plant comprises a pre-reforming stage (prereformer) in which higher
hydrocarbons are at least partly converted to methane under pre-reforming condi-

tions.



