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(57) Abstract: The invention relates to a process plant for a chemical process according comprising a first refreshable reactor section
and an second refreshable reactor section, a feed stream line, a product stream line, a sulfur stream line and a sulfidation waste line,
both reactor sections being configured for containing a catalytically active material, and the process plant is configurable for either
one refreshable reactor section having its inlet in fluid connection with the feed stream, and the outlet of the same refreshable reactor
section being in fluid connection with the product stream and the other refreshable reactor section having its inlet in fluid connection
with the sulfur stream line and the outlet of the same refreshable reactor section being in fluid connection with the sultidation waste
stream line, or one refreshable reactor section having its inlet in fluid connection with the feed stream, and the outlet of the same re-
freshable reactor section being in fluid connection with the inlet section of the other refreshable reactor section and the other re -
freshable reactor section outlet being in fluid connection with the sulfidation waste stream line.
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Title: Process for sulfidation of guard catalyst

The present invention relates to a cost effective method
for operation of beds of catalytically active material in
chemical processes, and especially beds of catalytically
active material with a short lifetime compared to other
beds of catalytically active material of the same process,

such as guard beds.

Impurities may cause critical failures if present in chemi-
cal processes. Some constituents such as arsenic and metal
carbonyls may deactivate catalytically active materials and
may even form deposits to an extent which may cause exces-
sive pressure drop and/or fouling of equipment such as heat

exchangers.

Some liquid or gaseous compounds such as water may be sepa-
rated from the reactant streams and withdrawn in a side
stream. However other compounds, typically metallic, are
not readily removable from the gas phase. Therefore such
compounds are removed from the streams by the use of a
guard bed, which is an amount of catalytically active mate-
rial typically having a higher void volume, enabling pro-
longed operation without significant influence on pressure
drop, while allowing depositing on the catalytically active
material, which may be exchanged often, possibly twice per
year, compared to the main catalytically active material of

the process, which may have a lifetime of several years.

Guard beds may be operated in “swing operation” in which
one guard bed is idle, while another receives the reactant
Sstream, until end of run where the guard capacity is used

up. At the end of run, the reactant stream may be switched
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to the other guard bed, and fresh catalytically active ma-
terial may be filled into the first guard bed. Alternative-
ly guard beds may be operated in a mode occasionally by-
passing the first guard bed, and allowing depositing in a
second guard bed, or a regqular bed downstream the bypassed
guard bed, while the first guard bed is refreshed by re-
placing the catalytically active material. Similar ap-
proaches may also be used for other beds in which there is
a need for continued operation during catalyst replacement,
as well as a need for catalyst activation, e.g. reactor
beds containing catalytically active material which is de-
activated at a higher rate compared to other beds contain-
ing catalytically active material in the chemical process,
if the process allows for temporary compensation of the re-

duced volume of catalytically active material.

Some types of catalytically active material, typically com-
prising nickel, cobalt, molybdenum and tungsten requires
sulfidation to be active, and these types of catalytically
active material may at an extra cost be supplied in pre-
sulfided form. In addition the loading of a reactor with
pre-sulfided catalyst requires the loading atmosphere to be
oxygen free, and additional safety requirements increase
the cost of reactor loading. An alternative is the use of a
reactive sulfur compound such as hydrogen sulfide or dime-
thyldisulfide in a separate stream of reactants, which nat-
urally adds cost and complexity, especially due to the
safety issues related to the storage, transport and han-

dling of such compounds.

Now, according to the present invention it has been identi-

fied that in such processes, the existing process streams,
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such as a product stream comprising sulfur or a product
stream in combination with a sulfur rich stream withdrawn
from an acid gas recovery (AGR) unit, may be configured to
be used as presulfidation streams, allowing the activation
of the catalytically active material in a more cost effec-
tive way, by connection of the idle guard bed reactor to

the streams during activation.

In the following an operating reactor shall be construed as
a reactor, which in the period of operation described shall
be in operation, and not being activated, by e.g. sulfida-
tion. An operating reactor, may however in other contexts
be activated, and it may also be activated according to the

present disclosure.

In the following a refreshable reactor or a reactor to be
activated shall be construed as a reactor containing a pre-
cursor of a catalytically active material, which requires
an amount of sulfides on its surface for optimal operation,
and which is configured such that it may be taken out of

operation in order to be refreshed or activated.

In the following an operating reactor shall be construed as
a reactor which in the time of operation described is not
dependent on being able to be taken out of operation in or-
der to be refreshed or activated. However, an “operating
reactor” may be configured for being a refreshable reactor

during other times of operation.

In the following the water gas shift reaction, shall be
construed as the exothermal conversion of water and carbon

monoxide into hydrogen and carbon dioxide.
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The invention relates to a procedure for operation of a re-
actor system involving an operating reactor and a first re-
freshable reactor each containing a catalytically active
material and/or a precursor of a catalytically active mate-
rial, in which said refreshable reactor is operable in an
activation mode and an operations mode, said procedure com-
prising the steps of

(a) operating the two reactors in operations mode,

(b) upon a first predetermined condition switching
the operation of the refreshable reactor into
activation mode,

(c) and upon a second predetermined condition
switching the operation of the refreshable re-
actor into operations mode,

wherein operating a reactor in operations mode in-

volves

(d) directing a feed stream to contact said cata-
lytically active material providing a reacted
stream, and

(e) from said reacted stream or a downstream prod-
uct hereof withdrawing a stream comprising a
reactive sulfur compound,

and wherein operating a reactor in activation mode

involves the steps of

(f) providing a precursor of a catalytically active
material, which is activated by sulfidation in-
to said reactor,

(g) directing the stream comprising a reactive sul-
fur compound, to contact the precursor of cata-
lytically active guard material, contained in

said reactor operating in activation mode,
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with the associated benefit of reducing the regquirement to
shut down a process, while enabling simple and cost effec-
tive activation of catalytically active materials requiring

sulfidation as activation prior to use.

In a further embodiment the disclosure relates to a proce-
dure for operation of a reactor system involving an operat-
ing reactor and a first refreshable reactor each containing
a catalytically active material and/or a precursor of a
catalytically active material, in which said refreshable
reactor is operable in an activation mode and an operations
mode, said procedure comprising the steps of

(a) operating the two reactors in operations mode,
either by configuring the two reactors for a
serial connection or by configuring one of the
two reactors for being by-passed,

(b) upon a first condition switching the operation
of the first refreshable reactor into activa-
tion mode,

(c) and upon a second condition switching the oper-
ation of the first refreshable reactor into op-
erations mode,

wherein operating a reactor in operations mode in-

volves the process steps

(i) directing a feed stream comprising sulfur to

contact said catalytically active material
providing a reacted stream, and

(ii) from said reacted stream or a downstream

product hereof withdrawing a stream compris-
ing a reactive sulfur compound,

and wherein operating a reactor in activation mode

involves the process steps of
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(iii) providing a precursor of a catalytically ac-
tive material in said reactor in activation
mode, in which said precursor is transformed
from precursor to catalytically active mate-
rial by sulfidation,

(iv) directing said stream comprising a reactive
sulfur compound, to contact the precursor of
catalytically active material under sulfida-
tion conditions,

(v) withdrawing a stream from said reactor oper-
ating in activation mode and directing it to
a sulfidation waste line.

with the associated benefit of reducing the regquirement to
shut down a process, while enabling simple and cost effec-
tive activation of catalytically active materials requiring

sulfidation as activation prior to use.

In a further embodiment said reactor system is configurable
for providing a second refreshable reactor, being equivalent
to said first refreshable reactor, and according to which
procedure said second refreshable reactor is at least for a
period of time operating in activation mode while said first
refreshable reactor is operating in operations mode, and up-
on said first condition said second refreshable reactor is
configured for operating in operations mode while said first
refreshable reactor is at least for a period of time config-
ured for operating in activation mode,

with the associated benefit of providing a process which is
minimally affected by the replacement of catalytically ac-

tive material in the reactor(s) to be activated.
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In a further embodiment said refreshable reactor is a guard
reactor, and in which said feed stream comprises an amount
of an impurity, of which a part is deposited on said cata-
lytically active material such that the reacted stream com-
prises a reduced amount of said impurity compared to said
feed stream, with the associated benefit of removing impuri-
ties by a chemical transformation through a process directly
or indirectly involving catalysis into materials which are
easily withdrawn from the reacted stream, by surface deposi-

tion on the catalytically active guard material.

In a further embodiment the feed stream is a hydroprocessing
feed comprising hydrogen, a hydrocarbon mixture and one or
more sulfur compounds such as mercaptans, thiophenes and in
which said impurity is a metal heterocatom such as nickel,
arsenic, silicon, iron or vanadium,

with the associated effect of providing cost effective acti-
vation of catalytically active guard material in the context
of refinery processes, where hydrogen sulfide are available

as waste streams.

In a further embodiment said feed stream is a synthesis gas
comprising hydrogen, carbon monoxide and one or more sul-
fides such as carbonyl sulfide and/or hydrogen sulfide, and
in which said impurity is a metal carbonyl compound,

with the associated benefit of providing a partly purified

stream as reactant stream for a sour shift section.

In a further embodiment the partially purified stream is di-
rected to contact a material catalytically active in the wa-
ter gas shift reaction, operating under water gas shift con-

ditions, providing a gas stream rich in hydrogen,with the
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associated benefit of providing a gas stream rich in hydro-
gen suitable for a downstream synthesis or further purifica-

tion into pure hydrogen.

In a further embodiment the stream comprising a reactive
sulfur compound is directed to contact the precursor of cat-
alytically active material at a temperature above 100°C or
120°C and below 150°C, 200°C and 300°C, above 1 and below
10, 30 or 50 bar, and which comprises at least 800 ppm hy-
drogen sulfide, at least 10% hydrogen and if water is pre-
sent, an amount of water which is non-condensing under the
applied conditions,

with the associated benefit of such a stream having a compo-
sition suited for activation of catalytically active materi-

als by sulfidation.

In a further embodiment said stream comprising a reactive
sulfur compound comprises an amount of the gas stream rich
in hydrogen, with the associated benefit of said gas stream
rich in hydrogen being readily available and having a compo-
sition well suited providing the required reducing condi-

tions for the sulfidation process.

In a further embodiment the process further comprises the
step of acid gas removal in which said partially purified
stream or a downstream product hereof is separated in an AGR
sulfur rich stream and an AGR process stream lean in sulfur
compounds, and in which said stream comprising a reactive
sulfur compound comprises an amount of said AGR sulfur rich

sStream,
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with the associated benefit of said AGR sulfur rich stream
being available and well suited for providing additional

reactive sulfur compounds if required.

In a further embodiment operations mode involves the fur-
ther process step of combining the stream comprising a re-
active sulfur compound with an amount of a substantially
inert gas stream, such as a stream rich in nitrogen,

with the associated benefit of providing a high flexibility
in concentration. Furthermore if the substantially inert
gas stream is preheated, this may help in providing stream

comprising sulfur at a temperature suitable for activation.

A further aspect involves a process for reducing the amount
of metal carbonyl compounds in a feed stream, in a reactor
system operated according to the procedure above, in which
the catalytically active material is a material catalyti-
cally active in conversion of carbon monoxide and water to
carbon dioxide and hydrogen, and in which said material has
a void capacity for allowing deposition of metal derived
components,

with the associated benefit of reducing the concentration
of carbon monoxide in the process gas, such that the equi-
librium between metal carbonyls and metal or metal sulfides
is shifted away from metal carbonyls, and thus towards dep-
osition of metal or metal sulfide, and the benefit of hav-
ing a void in which nickel may be deposited without the

risk of excessive pressure drop in the reactor.

In a further embodiment said material catalytically active
in conversion of carbon monoxide and water to carbon diox-

ide and hydrogen comprises 1-5% cobalt, 5-15% molybdenum or
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tungsten and a support comprising one or more metal oxides,
such as alumina, magnesia, titania or magnesium-alumina
spinel,

with the associated benefit of such a material being cata-

lytically active in sour water gas shift process.

In a further embodiment said condition is based on one or
more evaluations taken from the group comprising the pres-
sure drop across the refreshable reactor exceeding a prede-
fined value, the amount of metal carbonyl outlet from the
guard bed exceeding a predefined value or the temperature
of the partly reacted stream exceeding a predefined value,
with the associated benefit of the monitoring of pressure
drop and metal carbonyl amount being directly correlated to
catalytically active guard material capacity. The monitor-
ing of temperature is technically simply, and it will cor-
respond to the water gas shift activity, and thus correlate
to the activity of the catalytically active guard material,
and correspond to the upper potential limit of metal car-
bonyls, due to the relation to the nickel carbonyl equilib-
rium. If the criteria are combined the accuracy of the mon-

itoring may be improved further.

In a further aspect the invention relates to a process
plant for a chemical process comprising a first refreshable
reactor section comprising a refreshable reactor and an op-
erating reactor section comprising an operating reactor, a
feed stream line, a product stream line, a sulfur stream
line, a sulfidation waste line and either an upstream feed
Stream line or a downstream product stream line, both reac-
tor sections having an inlet and an outlet, and being con-

figured for containing a catalytically active material, and
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in which the refreshable reactor is configurable for, dur-
ing regular operation, having an inlet in fluid connection
with a feed stream line, and an outlet in fluid connection
with a product stream line, and in which the first refresh-
able reactor section is configurable for during activation
of a precursor of catalytically active material having an
inlet in fluid connection with a sulfur stream line, and an
outlet in fluid connection with a sulfidation waste stream
line, wherein said process plant is configurable for the
operating reactor and the first refreshable reactor to op-
erate in series during regular operation by either the in-
let of the operating reactor being in fluid connection with
an upstream feed stream line and the outlet of the operat-
ing reactor section being in fluid connection with the feed
Stream line, or by the inlet of the operating reactor sec-
tion being in fluid connection with the product line and an
outlet of the reactor section being in fluid connection
with a downstream product line,

with the associated benefit of such a plant being config-
ured for blocking and redirecting the appropriate streams,
in order to enable activation by sulfidation according to

the process disclosed in the present application.

A further aspect of the invention relates to a process
plant for a chemical process according comprising a first
refreshable reactor section and an second refreshable reac-
tor section, a feed stream line, a product stream line, a
sulfur stream line and a sulfidation waste line, both reac-
tor sections being configured for containing a catalytical-
ly active material,

and the process plant is configurable for operation either

in configuration (x) or for operation in at least one of
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the configurations (y) and (z), where configurations

(x), (y) and (z) are

(x) one refreshable reactor section having its inlet in
fluid connection with the feed stream, and the outlet of
the same refreshable reactor section being in fluid connec-
tion with the product stream and

the other refreshable reactor section having its inlet in
fluid connection with the sulfur stream line and the outlet
of the same refreshable reactor section being in fluid con-
nection with the sulfidation waste stream line,

(y) one refreshable reactor section having its inlet in
fluid connection with the feed stream, and the outlet of
the same refreshable reactor section being in fluid connec-
tion with the inlet section of the other refreshable reac-
tor section and the other refreshable reactor section out-
let being in fluid connection with the sulfidation waste
stream line

and

(z) one of the two refreshable reactor section having its
inlet in fluid connection with the feed stream, and the
outlet of the same refreshable reactor section being in
fluid connection with the product stream, with the associ-
ated benefit of such a plant being configured for blocking
and redirecting the appropriate streams, in order to enable
activation by sulfidation of reactors operating in swing
mode according to the process disclosed in the present ap-

plication.

Catalytically active materials are often used in chemical
processes, where a process feed contains undesired impuri-
ties, which are not readily converted to compounds which

may be removed. Examples of such impurities include hetero-



10

15

20

25

30

WO 2016/001230 PCT/EP2015/064857

13

metals in crude oils, originating from the raw material,
and metal carbonyls - especially nickel carbonyls - often

originating from minor release of upstream materials.

The removal of metal carbonyls may be carried out by ex-
ploiting the equilibrium between metal carbonyls and carbon
monoxide. By shifting carbon monoxide catalytically with
water, forming hydrogen and carbon dioxide the nickel car-
bonyl equilibrium with nickel and carbon monoxide is also
shifted towards nickel in the solid state such as Ni or
NiS.
CO+H,O0 = CO, + Hy; + heat (1)
Ni (CO)4+ HyS = NiS + 4CO + H, +heat (2)

In the operation of guard reactors an important considera-
tion is when to switch guard operation. This may be decided
by a criterion based on pressure drop, by analytical detec-
tion of a breakthrough of the undesired constituent or by
prediction of loss of guard activity by other means. When
reaction (1) takes place, the temperature increases and the
CO concentration decreases, shifting reaction (2) towards
the right hand side, thus leading to deposition of NiS, and
thus the reduced amount of CO shifts (2) towards right hand
side, thus leading to deposition of NiS. Accordingly an ap-
propriate process criterion for cancelling guard bed opera-
tion may be based on the outlet temperature of the guard
reactor, which is correlated to the water gas shift conver-
sion in the guard bed, and thus indirectly correlated to
the amount of metal carbonyls present in the gas exit the
guard reactor. Additional appropriate process criteria for

cancelling guard bed operation may be the pressure drop
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across the guard bed or the amount of metal carbonyl outlet

from the guard bed.

In the operation of the sour shift process, it is common to
operate the process in three stages with intermediate cool-
ing, since this will shift the equilibrium of (1) towards

the right, with an increased amount of H; as a consequence.

The sulfidation of the catalytically active material will
involve a number of practical considerations, including the
environmental aspects of releasing sulfur from the sulfida-
tion process and possibly corrosion aspects. With respect
to the release of sulfur from sulfidation, initially the
sulfidation waste gas will contain very small amounts of
sulfur, as it will all be consumed by the catalytically ac-
tive material. However, when sulfidation is close to com-
plete, an amount of sulfur may be released. In that case it
may be necessary to direct the sulfidation waste gas to ac-
id gas removal. In that case it may be beneficial that the
sulfidation takes place at a pressure which corresponds to

the process pressure.

During sulfidation it is practical that the pressure in the
stream comprising reactive sulfur is similar to the pres-
sure in the main process. Another pressure consideration
relates to hydrogen sulfide withdrawn from the AGR unit.
Typically the AGR unit operates close to atmospheric pres-
sure, which adds complexity to the combination of an AGR
sulfur rich stream with a process stream. If the pressure
during sulfidation is kept low it may be simpler to combine

the process gas and an AGR sulfur rich stream.
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Another aspect of sulfidation is the corrosion stability of
materials. In general it is required that the materials are
compatible with the process streams applied. However, as
the activation procedure is only temporary the materials
may be selected in a less robust quality, compared to full

time operation with similar sulfur levels.

The Figure shows a process plant according to the inven-
tion. A feed gas 2 is directed through feed line 4 to
valves 6A and 6B. If valve 6A is open, valves 6B, 6C and
12C are closed, and the feed gas is directed to a first
guard bed 8A operating in guard mode, and outlet through
outlet line 10 and valve 12A through sour shift feed line
14 to a first reactor 16 of a downstream sour shift sec-
tion, which may receive a gas at 240°C, and provide a heat-
ed product at a temperature often above 400°C. The partial-
ly shifted gas is directed to heat exchanger 20 and typi-
cally cooled to around 220°C, and directed to a second sour
shift reactor 24 in which it is further shifted and cooled
28, before a final sour shift 32 and cooling to around
220°C in 36. The cold product undergoes gas/liquid separa-
tion 38 into water 40 and a hydrogen rich gas 42, which is
split into a stream comprising hydrogen sulfide 44 and a
hydrogen rich product line 46 which is directed to acid gas
removal (AGR) 48, in which a sweet hydrogen rich gas 50 is
separated from a stream rich in hydrogen sulfide 52 which,
especially if additional sulfur is directed to the AGR sec-
tion, may be useful for providing reactive sulfur for sul-
fidation. The stream comprising hydrogen sulfide 44 may be
combined with a nitrogen stream 54 and directed to a heater
58 before being directed 60 to valves 6C and 6D, which are

configured for stream 6D to be open while 6A is open. Fur-
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thermore valve 12D will be open while valve 12B is closed.
By this configuration the gas comprising hydrogen sulfide
will be directed to the second guard bed 8B operating in
activation mode, which will contain a precursor of catalyt-
ically active guard material, which requires sulfidation to
be activated. Valve 12D will direct the waste sulfidation
gas to flare or an sulfur withdrawal process. When the pre-
cursor of a catalytically active guard material has been
activated it is a catalytically active guard material, and
reactor 8B may be put in idle mode by blocking the stream
comprising hydrogen sulfide from reactor 8B by closing
valves 6D and 12D, until the activity of reactor 8A drops

to below a predetermined level.

When the guard activity of reactor 8A is below the prede-
termined level or the pressure drop has exceed the prede-
termined limit, reactor 8B must be put in guard mode. This
is done by setting valves 6B and 12B in open position and
setting valves 6A, 6D, 12A and 12D in closed position. Af-
ter replacing the catalytically active guard material of
reactor 8A it may be configured for activation mode by
opening valves 6C and 12C, but reactor 8A may also be put
in idle mode for a period if it is preferred postpone to
activate the reactor shortly before being put it in guard

mode.

In alternative embodiments of the process also the sour
shift reactors 24 and 32 may also be bypassed during sulfi-
dation. Such a bypass will provide modified output composi-
tions from the sour shift section in stream 42, which may

be compensated elsewhere in the process during activation.
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Further alternative embodiments may involve having two
“first reactor 16” in parallel, each immediately downstream
the guard bed reactors 8A and 8RB respectively. This may
even be implemented as reactor 8A and 8B both containing an
initial layer of catalytically active guard material above
a bed of catalytically active sour shift material, such
that the number of reactors is not increased. For such a
configuration the equivalent of two heat exchanger 20 is
preferably positioned upstream the valves 12A, 12B, 12C and
12D, as these valves in this case may be designed for lower

temperatures.

In an example of a process according to the present inven-
tion a shifted gas stream with addition of an AGR sulfur
rich stream, comprising hydrogen sulfide is used for acti-
vation of the guard bed reactors, in a setup corresponding
to the Figure, with the conditions and gas compositions
given in Table 1.

Based on a space velocity in the guard reactor of 1000 hr™!
and the gas compositions given in Table 1 (stream 44 com-
prising a reactive sulfur compound) a first step of sulfi-
dation, which will be at temperature of 100-150 °C, 1is ex-
pected to be completed within 10 hours. The second step of
the sulfidation, is conducted while slowly increasing the
temperature towards 300 °C, 1is completed within another 24

hours.
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Table 1

Component/Stream No. 2 44

Hy [%] 26 56
Ar [%] 0.2 0.2
Ny [%] 0.6 0.6
CHys [5] 1.5 1.5
CO [%] 37 1
COy [%] 9 40
HyS [%] 1 1
COS [%] 0.1 0
NH; [%] 0.5 0
H,O [%] 24 0.2
Ni(CO)s, ppm 0.5 0
Pressure, [Bar] 45 40

Temperature, [°C] 215 40
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Claims:

1. A procedure for operation of a reactor system involv-
ing an operating reactor and a first refreshable reac-
tor, each containing a catalytically active material
and/or a precursor of a catalytically active material,
in which said refreshable reactor is operable in an
activation mode and an operations mode, said procedure
comprising the steps of

(a) operating the two reactors in operations mode,
either by configuring the two reactors for a
serial connection or by configuring one of the
two reactors for being by-passed,

(b) upon a first condition switching the operation
of the first refreshable reactor into activa-
tion mode,

(c) and upon a second condition switching the oper-
ation of the first refreshable reactor into op-
erations mode,

wherein operating a reactor in operations mode in-

volves the process steps

(i) directing a feed stream comprising sulfur to

contact said catalytically active material
providing a reacted stream, and

(ii) from said reacted stream or a downstream

product hereof withdrawing a stream compris-
ing a reactive sulfur compound,

and wherein operating a reactor in activation mode

involves the process steps of

(iii) providing a precursor of a catalytically ac-

tive material in said reactor in activation

mode, in which said precursor is transformed
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from precursor to catalytically active mate-
rial by sulfidation,

(iv) directing said stream comprising a reactive
sulfur compound to contact the precursor of
catalytically active material under sulfida-
tion conditions,

(v) withdrawing a stream from said reactor oper-
ating in activation mode and directing it to

a sulfidation waste line.

A procedure according to claim 1 in which said reactor
system comprises a second refreshable reactor, being
equivalent to said first refreshable reactor, and ac-
cording to which procedure said second refreshable re-
actor is at least for a period of time operating in
activation mode while said first refreshable reactor
is operating in operations mode, and upon said first
condition said second refreshable reactor is config-
ured for operating in operations mode while said first
refreshable reactor is at least for a period of time

configured for operating in activation mode.

A procedure according to claim 1 or 2 in which said
refreshable reactor is a guard reactor, and in which
said feed stream comprises an amount of an impurity,
of which a part is deposited on said catalytically ac-
tive material such that the reacted stream comprises a
reduced amount of said impurity compared to said feed

stream.

A process according to claim 1, 2 or 3 in which the

feed stream is a hydroprocessing feed comprising hy-
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drogen, a hydrocarbon mixture and one or more sulfur
compounds such as mercaptan, thiophenes and in which
said impurity is a metal heteroatom such as nickel,

arsenic, silicon, iron or vanadium.

A procedure according to claim 1, 2 or 3 in which said
feed stream is a synthesis gas comprising hydrogen,
carbon monoxide and one or more sulfides such as car-
bonyl sulfide and/or hydrogen sulfide, and in which

said impurity is a metal carbonyl compound.

A procedure according to claim 1, 2, 3, 4 or 5 in
which the partially purified stream is directed to
contact a material catalytically active in the water
gas shift reaction, operating under water gas shift

conditions, providing a gas stream rich in hydrogen.

A procedure according to claim 1, 2, 3, 4, 5 or 6 in
which the stream comprising a reactive sulfur compound
is directed to contact the precursor of catalytically
active material at a temperature above 100°C or 120°C
and below 150°C, 200°C and 300°C, above 1 and below
10, 30 or 50 bar, and which comprises at least 800 ppm
hydrogen sulfide, at least 10% hydrogen and if water
is present, an amount of water which is non-condensing

under the applied conditions.

A procedure according to claim 6 or claim 7 depending
on claim 6 in which said stream comprising a reactive
sulfur compound comprises an amount of the gas stream

rich in hydrogen.
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A procedure according to claim 1, 2, 3, 4, 5, 6, 7 or
8 in which operations mode involves the further down-
Stream process step of acid gas removal in which said
partially purified stream or a downstream product
hereof is separated in an AGR sulfur rich stream and
an AGR process stream lean in sulfur compounds, and in
which said stream comprising a reactive sulfur com-
pound comprises an amount of said AGR sulfur rich

stream.

A procedure according to claim 1, 2, 3, 4, 5, 6, 7, 8
or 9 in which operations mode involves the further
process step of combining the stream comprising a re-
active sulfur compound with an amount of a substan-
tially inert gas stream, such as a stream rich in ni-

trogen.

A process for reducing the amount of metal carbonyl

compounds in a feed stream, in a reactor system oper-
ated according to claim 5, 6, 7, 8, 9 or 10, in which
the catalytically active material is a material cata-
lytically active in conversion of carbon monoxide and
water to carbon dioxide and hydrogen, and in which

said material has a void capacity for allowing deposi-

tion of metal derived components.

A process for reducing the amount of metal carbonyl

compounds according to claim 11, in which said materi-
al catalytically active in conversion of carbon monox-
ide and water to carbon dioxide and hydrogen comprises

1-5% cobalt, 5-15% molybdenum or tungsten and a sup-
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port comprising one or more metal oxides, such as alu-

mina, magnesia, titania or magnesium-alumina spinel.

A process for reducing the amount of metal carbonyl
compounds according to claim 11 or 12, in which said
condition is based on one or more evaluations taken
from the group comprising the pressure drop across the
refreshable reactor exceeding a predefined wvalue, the
amount of metal carbonyl in the reacted stream exceed-
ing a predefined value, or the temperature of the re-

acted stream exceeding a predefined wvalue.

A process plant for a chemical process comprising a
first refreshable reactor section and an operating re-
actor section, a feed stream line, a product stream
line, a sulfur stream line, a sulfidation waste line
and either an upstream feed stream line or a down-
Stream product stream line, both reactor sections hav-
ing an inlet and an outlet, and being configured for
containing a catalytically active material, and

in which the first refreshable reactor section is con-
figurable for, during regular operation, having the
inlet in fluid connection with a feed stream line, and
the outlet in fluid connection with a product stream
line,

and in which the first refreshable reactor section is
configurable for, during activation of a precursor of
catalytically active material, having the inlet in
fluid connection with a sulfur stream line, and the
outlet in fluid connection with a sulfidation waste

stream line,
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wherein said process plant is configurable for the op-
erating reactor and the first refreshable reactor to
operate in series during regular operation by either
the inlet of the operating reactor section being in
fluid connection with an upstream feed stream line and
the outlet of the operating reactor section being in
fluid connection with the feed stream line, or by the
inlet of the operating reactor section being in fluid
connection with the product line and the outlet of the
reactor section being in fluid connection with a down-

Stream product line.

A process plant for a chemical process according to
claim 14 comprising a first refreshable reactor sec-
tion and a second refreshable reactor section, a feed
Stream line, a product stream line, a sulfur stream
line and a sulfidation waste line, both reactor sec-
tions being configured for containing a catalytically
active material,

and the process plant is configurable for operation
either in configuration (x) or for operation in at
least one of the configurations (y) and (z), where
configurations (x), (y) and (z) are

(x) one refreshable reactor section having its inlet
in fluid connection with the feed stream, and the out-
let of the same refreshable reactor section being in
fluid connection with the product stream and

the other refreshable reactor section having its inlet
in fluid connection with the sulfur stream line and
the outlet of the same refreshable reactor section be-
ing in fluid connection with the sulfidation waste

stream line,
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(y) one refreshable reactor section having its inlet
in fluid connection with the feed stream, and the out-
let of the same refreshable reactor section being in
fluid connection with the inlet section of the other
refreshable reactor section and the other refreshable
reactor section outlet being in fluid connection with
the sulfidation waste stream line

and

(z) one of the two refreshable reactor sections having
its inlet in fluid connection with the feed stream,
and the outlet of the same refreshable reactor section

being in fluid connection with the product stream.
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