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@ Frocess for selective hydrogenation of dienes in pyrolysis gasoline.

(s_-*) A process for the selective hydrogenation of dienes in
pyrolysis gasoline which comprises catalytic hydrogenation
of the pyrolysis gasoline in at least three consecutive reactors
(R, R. and R.} in at least two of the said consecutive reactors
recirculating part of the hydrocarbon mixture emerging from
a reactor over that reactor, {5 and 7} no recirculation of the
hydrocarbon mixture emerging from the last of the consecu-
tive reactor (R.) being carried out over that reactor.
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PROCEES FORK SELECTIVE HYDROGEWATION OF DIENES IN PYROLYSIS
GASOLINE

This invention relates to a process for the selective
hydrogenation of dienes in pyrolysis gasoline.

As will be known, pyrolysis gasoline 1s obtained as a by-
product in the preparation of ethene and/or propene by means of
high-temperature pyrolysis (e.g. cracking in the presence of
steam) of gaseous or liquid hydroccarbons, such as naphtha or
gas oil.

Pyrolysis gasolines on the one hand are extremely unstable
owing to the presence of a relatively high proportion of highly
olefirnically unsaturated hydrocarbons, and on the other hand
contain sromatic compounds and alkenes having a high octane
number which are particularly valuable and are in themselves
useful as stable motor gasoline components.

In order to obtaln a stable gasoline with high octane
number from a pyrolysis gasoline the highly olefinically un-
saturated compounds, which mainly consist of dienes, for example
those of the cyclopentadiene type, have to be removed there-
from. This removal may be achieved by partial hydrogenation of
the dienes to mono-olefins. Because the hydrogenation of mono-
olefins in general leads to a2 reduction in octane number, such
a hydrogenation 1s to be avoided as much as possible. Moreover,
in doing so the hydrogen consumption is kept to a desired low

level.
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It is known to hydrogenate dienes present in pyrolysis
gasolines selectively with the aid of catalysts with hydrogen-

ating activity such as supported catalysts comprising a metal

ﬁéf'Group VI and/or Group VIII of the Periodic System of
-Elements. '

In order to convert a high proportion of the dienes
originally present without incurring unacceptably high process
temperatures, it has been proposed to recycle part of the product
obtained after the selective hydrogenation to the reactor in

10  which the selective hydrogenetion is being carried out. How-
ever, it is felt as a drawback thet during such a process an
appreciagble amount of mono-clefins is also hydrogenated, which
leads to an unattractively high hydrogen consumption.

The invention provides a solution for this problem by using
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three consecutive reactors and a specific recirculation
Acecordingly, the inveniion provides a process for the
selective hydrogenation of dienes in pyrolysis gasoline which
comrrises catalytic hydrogernation of the pyrolysis gasoline in

20 et least three consecutive reactors, in at least two of the said
consecutive reactors recirculzting part of the hydrocarbon mixture
emerging from a reactor over that remtor no recirculation of the
hydrocarbon mixture emérging from the last of the consecutive
reactors being carried out over that reactor.

25 it is to be understood that recirculating part of the hydro-~
carbon mixture emerging from a reactor over that reactor, stands
for the direct recirculaticrn of the said hydrocarbon mixture,
ro further hydrogenstion therecf being earried out in any
subseguent reactor before the recirculation.

30 It 1s essential fat in at least two of the consecutive
reacters recirculation of part of the hydrocarbon mixture
emerging from each of these reactors over the relevant reactor

is carried out, because in case two consecutive reactors are
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used and the recirculation’is carried out over one reactor only
the amount of dienes still present in the ultimate product of
the process cannot be brought to an acceptable low level without
extensive hydrogenation of the mono-olefins, the latter giving
rise to an undesired high level of hydrogen consumption.

Preferably, the number of consecutive reactors is three.
More reactors may be used, and the recirculation as described
may be carried out over more than two reactors, but in general
the advantage to be achieved (less hydrogenation of mono-olefins
at a preset amount cof dienes in the ultimate product) does not
compensate for the drawbacks which consist of building and
handling of an extra reactor.

The catalyst with hydrogenating activity to be used in the
reactors very suitebly consists of a support comprising one or
more metals of Group VIB and/or Group VIII of the Periodic System
of Elements and/or compounds of ‘these metals. The support very
suitably consists of alumina, silica or silica aluminea. Catalysts
comprising platinum or palladium are very suitable. The most
preferred catalyst comprises partiaslly sulrhided nickel on
alumine as a Support.

The catelyst very suitebly 1s in the form of one or more
fixed beds in the reactors, and the catalytic hydrogenations are
preferably carried out by passing a mixture of liquid and
hydrogen~containing gas in downflow over the catalyst according
to the trickle flow technique. In this technigue, the starting
hydrocarbon oil which is present partly in the liguid phase
and partly in the vapour phase 1is allowed to flow downward in
the presence of hydrogen or of a hydrogen-contalning gas over a
catalyst in the form of a fixed bed, the unvaporized part of
the starting material flowing over the catalyst particles in
the form of a thin liguid layer.

The recirculation ratios over the respective reactors are
to be chosen such that in each of these reactors the ratio of

the dienes hydrogenated to mono-olefins on the one hand and
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the mono-olefins hydrogenated to paraffins on the other hand,
is high because in this way the overall hydrogen consumption

is kept low. It has been found that the weight ratio of the
hydrocarbon mixture recirculated to the first reactor and the
pyrolysis gasoline fed thereto very sultably is from 5 to 15,
in particular from 9 to 11. The preferred weight ratio of the
hydrocarbon mixture recirculated to the second reactor and

the hydrocarbon mixture emerging from the first reactor which
is fed to the second reacicr, has been found to be from 2 to L.

No recirculation is to be used in the final reactor of
the consecutive reactors, becausze the amount of dlenes still
present in the hydrccarbon mixture fed to that reactor is so
low that at relatively high space velocity hydrogenation thereof
to mono~olefins can lezd to the desired concentration of dienes
in the effluent withcut undue hydrogeration of mono-olefins to
paraffins.

The hydrogen tc be enmployed ir the catalytic hydrogenation
may be pure or in the form of a hydrogen-containing gas. The
gases employed should preferatly contein more than 50% by volume
of hydrogen. Very suitable are, for example, the hydrogen-con-
taining gases obtained in the catalytic reforming or steam~
reforming of gasoline fraétions, and mixtures of hydrogen and
light hydrocarbons. Any excess of hydrogen-containing gas is
advantageously recycled, pessibly after the previous removal of
undesired components therefrom.

The catalytic hydrogenations are very suitably carried out
at the following conditions in the reactors: a temperature in
the range from.SO—SEOOC, rreferably 50—15000, a total pressure
in the range from 10-80 bar a anie hydrogen partial pressure in
the range from 5-60 bar &. '

The liguid hourly space veloeity of the hydrocarbon mixture

J

which is fed to a reactor for the first time (e.g., the fresh

feed fed to the first reactor or that part of the effluent of a
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reactor which is fed to the next reactor) may vary for any reactor.
In order to calculate the space velocity of the mixture obtained
after combination of the recycle liquid and the hydrocarbon mixture
which is fed to a particular reactor for the first time, the space
velocity of the last-mentioned hydrocarbon mixture is to be
muitiplied by the recirculation ratio used for that reactor.

Very suitably the liquid hourly space velocities of the mixtures
obtained after combination of the recyecle liquid and the hydro-
carbon mixture which is fed to a particular reactor for the first
time, are between 5 and 50 and preferably between 10 and 20 kg
mixture per liire catalyst per hour. At lower space velocities

the extent of heat release of the hydrogenation reaction nay be
such thet temperature control becomes difficult if not impossible.

The spéce velocities of the hydrocarbon mixtures fed for the
first time to & particular reactor to which recycling is taking
place, will in generel be less than 5 kg per litre catalyst per
hour.

In the last reactor, the feed of which only contains
relatively low amounts cf dienes, the space velocity very suit-
2bly ranges from 2-20 and preferably from 5-10 kg feed per litre
catalyst per hcur.

The ratio of fresh gas to fresh feed very suitably is from
50—500 K1 gas per kg feed, and the ratio of recycle gas to fresh
feed from 200-500 N1 gas per kg feed.

The accomranying figure 1 represents a simplified flow
diagram of a suitable embodiment of the process according to
the invention. In this figure various auxiliary devices, such
as pumps, cocxs, valves, control valves, etc. have been
omitted.

A pyrolysis gasoline is fed in via line 1, and after mixing
vith a hydrogen-containing gas supplied via line 2, introduced
into reactor E1 via line 3. Reactor R1 contains one or more
fixed beds of catalyst. The effluent of Rl is led via line L

to sepzration vessel V1 in which gas and liquid (the latter
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consisting substantially cf hydrocarbons) are separated. Part
of the liquid is transportiei via line 5, mixed with pyrolysis
gasoline from line 1 and recirculated to R1 via line 3. The
remainder of the liquid in V1 and the gas are forwarded via
line 6, mixed with a liquid stream emerging from separating
vessel V2 via line 7, and fed to reactor R2 via line 8.
Reactor R2 contains one or more fixed beds of catalyst. The
effluent from reactor R2 is forwarded via line 9 to separation
vessel V2, in which vessel licuid and gas are separated. Part
of the liguid is recycled via line T as described, and the
remainder of the liquid ané the gas from V2 are fed to reactor
R3 via line 10. The effluent from reactor R3, which reactor
contains one or more fixed Tteds of catalyst, is led to
separation vessel V3 via line i1. In V3 gas and liquid are
separated. The liguid is removed via line 12 as the final
product of the process, the gas from V3 is (if desired after
purification) forwarded viaz lirne 13 to line 2, in which line

fresh hydrogen-containing gas is fed via line 1k,

EXAVMPLE

The process was carried out according to the flow scheme
given in Figure I.

Fresh feed in line 1 consisted of a pyrolysis gasoline
which contained 60.2%w dienes znd 20.0%w mono-olefins, This
feed was added at a space velocity of 1.48 kg/l catalyst in R1/
hour. The catalyst in all reactors consisted of partially
sulphided nickel on zluninaz, the amount of nickel being 10.7%w
on carrier. The inlet temperature of R1 was 6300, the temper-
ature at the outlet c¢f this rezctor was QOOC, the average
pressure in R1 was 62.5 bar s (H2 partial pressure 45.L bar a).
The effluent of R1 was separated in V1 at 9000, and 10 times
the amount of liguid fed via line 1 was recycled from V1 via
line 5 (recycle ratic 12). This recycle liquid contained 18.L%w

dienes. The remainder of the licuid and the gas in V1 were led
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via line 6 at a space velotity of L.13 kg/l catalyst in R2/hour
to reactor R2. The inlet temperature of R2 was 830C, the cutlet
temperature 104°C and the average pressure 61.5 bar a (H2 partial
pressure 40.6 bar a). The effluent from R2 was separated at

104°¢C in separator V2 in liquid and gas, and 3.2 times the amount
of liquid fed via line 6 was recycled from V2 via line T to R2
(recycle ratio 3.2). The recycle liquid contained 5.8%w dienes.
The remainder of the ligquid and gas in V2 were forwarded via
line 10 to reactor R3 at a space velocity cof 6.89 kg/l catalyst
in R3/hour. The inlet temperature of R3 was QOOC, the outlet
temperature 12300 and the average total pressure 59.5 bar a

(H2 partial pressure 3k.L bar a). The effluent of R3 was
separated in V3, and the ligquid removed as final product of

the process via line 12. This product contained 0.5%w diolefins
and T2.7%w mono-olefins. The gas from V3 was recycled via line 13
and mixed with fresh hydrogen-containing gas, the latter con-
taining 94.1 mol.% hyvdrogen, L4.6 mol.% methans, 1.0 mol.%
nitrogen and 0.3 mol.% water. Fresh gas was supplied via line

1L in an amount of 233 N1 Hg/kg fresh feed. Recycle gas via

line 13 amounted tc 300 N1l/kg fresh feed and contained 75.0 mol.%
hydrogen, 11.8 mol.% methane, 6.2 mol.% nitrogen, 2.0 mol.% water,
the remzinder consisting of hydrocarbons with at most 6 carbon
atoms. The amount of hydrocgen consumed per kg feed for undesired
mono-olefin saturation was 0.002 kg.

Comparative Examuvle

The process was carried out according to the flow scheme
given in Figure 2.

Fresh feed in line 1 consisted of a pyrolysis gasoline which
contained 60.2%w dlenes and 20.0%w mono-olefirs. This feed was
added at a space velocity of 0.k42 kg/l catalyst in Ri/hour. The
catalyst in both reactors consisted of partially sulphided nickel
on alumina, the amount of nickel being 10.7%w on carrier. The

. o )
inlet temperature of R1 was 63 C, the temperature at the outlet
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of thils reactor was 9OOC, the average pressure in R1 was 62.5
bar a (H2 partial pressure of LO bar a at reactor outlet. The
effluent of R1 was separated in V1 at QOOC, and 13 times the
amount of liquid fed via line 1 was recycled from V1 via line 5
(recycle ratio 13). This recycle liquid contained 5.8%w dienes.
The remainder of the liquid and the gas in V1 were forwarded
via line 6 to reactor R2 at a space velocity of 6.89 kg/l
catalyst in R2/hour. The irnlet temperature of R2 was 90°¢C,
the outlet temperature 1230C and the average total pressure
59.5 bar a (H2 partial pressure 32 barra at reactor cutlet).
The effluent of K2 was separsted in V2 and the liquid removed
s final product of the process via line 8. This product
contained 0.5%w diolefins and 69.9%w mono-clefins. The gas
from V2 was recycled via line Q@ and mixed with fresh
ydrogen—-containirg gas, containing 9L.1 mol.% hydrcgen, 4.6
mol.% methane, 1.0 mol.% nitrogen and 0.3 mol.% water. Fresh
gas was supplied via line 10 in an amount of 24k N1/kgfresh feed.
Recycle gas via line 9 amounted to 300 N1/kg fresh feed and
contained 73.8 mol.% hydrogen, 12.8 mol.% methane, 6.7 mol.%
nitrogen, 2.3 mol.% water, the remainder consisting of hydro-
carbons with at most € carben atoms. The amount of hydrogen
consumed per kg of feed for undesired mono-olefin saturation

was 0.003 kg, which is 50% higher than in the Example according

to the invention.
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CLATIMS

1. A preocess for the selective hydrogenation of dienes in
pyrclysic gasoline which comprises catalytic hydrogenation of

the pyrolysis gasciine in at least three consecutive reactiors,

in at least two of the said consecutive reactors recirculating
part of the hydrocarbon mizture =merging from a reactor over

that reactor, no recirculation of the hydrocarbon mixture emerging
from the last of the consecutive reactors being carried out over
that reacztor.

2. A process as claimed in claim-1, in which the nuxter o

L]

consecutlve reactors 1s three.

3. A process as claimed in claim 1 or 2, in which the catalyst

used for the catalyiic hydrcgsration ccmprises partially sulrhid
nickel on alumina as & suppeor
L, A process as cleimed in ary one of the preceding clalims, in

whickh the weight ratio cf hydrc
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the first reactor and the pyroliysis gascline fed thersto 1s freon

- 5 - .

5. A prccess as ciaimad i clazim 4, 1n which the seaid ratio 1s
from 9 tc 11.

6. & process as clzimed in arny cne of the preceding colzims, in

yarocarbon mixture cmerging from the
first reactor which is fed to the second reactor is from 2 to L.
7. A process as claimed in any one of the preceding claims,
in which the temperature in the reactors is in the range from
50 to 250° C, the total pressure is in the range from 10 to 80
bar a, and the hydrogen partial pressure is in the range fronm

5 to €0 tar a.

8. A process as claim=d in any one of the preceding claims,
in which the catalytic hydrogsenation 1s carried out in down-
flow according to the trickle flow techniqgue.

0. A process as claimed in ciaim 1, substantizlly as described,

-

with specizl relerence to the Example.
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