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@ Process for the production of aromatic hydrocarbons incorporating by-product utilisation.

@ Aromatic hydrocarbons are produced from a
feedstock comprising ethane and/or propane and/or
butane by the steps of:

(A) reacting the feedstock in the presence of a

dehydrocyclodimerisation catalyst to produce a
‘_product comprising aromatic hydrocarbons, hydro-
< gen and methane,

(B) separating the product of step (A) into a
haromatic hydrocarbon fraction, a methane-rich gas-
¢\J eous fraction and a hydrogen-rich gaseous fraction.

(C) feeding all or part of the methane-rich
u"’gaseous fraction separated in step (B) to a synthesis
¢\ gas production unit, thereby to produce synthesis
cgas, and

(D) contacting the synthesis gas from step
Q. (C) together with all or part of the hydrogen-rich

gaseous fraction separated in step (B), thereby in-
creasing the hydrogen to carbon monoxide ratio of

the synthesis gas, With a Fischer-Tropsch conversion
catalyst to produce a hydrocarbon product.
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PROCESS FOR THE PRODUCTION OF AROMATIC HYDROCARBONS INCORPORATING BY-PRODUCT

UTILISATION

The present invention relates in general to the
production of aromatic hydrocarbons and in par-
ticular to a process for the production of aromatic
hydrocarbons by the catalysed conversion of a C»
C4 hydrocarbon feedstock in which by-products are
dtilised in the production of useful hydrocarbon
products.

The catalysed: praduction of aromatic hydrocar-
bons such as benzene, toluene and xylene by the
catalysed conversian of a C>Cs hydrocarbon feed-
stock, sometimes referred to as de-
hydrocyclodimerisation (DHCD), has been known
for some time. One form of this process in which
C=Ca hydrocarbons are converted to aromatic hy-
drocarbons over a gallium loaded zeolite catalyst is
rapidly gaining recognition as the BP Cyclar pro-
cess. In addition to aromatic hydrocarbons the pro-
cess generates, as by-products, a methane-rice
stream and a hydrogen-rich stream, which in the
absence of any other use for these products repre-
sent a loss to the process.

Although the CCs hydrocarbon Jfeedstock may
be derived from ather sources, for example by-
product refinery streams, a potential source of such
feedstock is Liquid Petroleum Gas (LPG) obtained
by separating methane from natural gas, which
though its detailed compasition may vary according
to its source, principally comprises methane,
ethane, propane and bufane together with minor
amounts of one or more of carbon dioxide, nitrogen
and Cs* hydrocarbons. A potential use of the large
volumes of recovered methane is as feedstock for
conversion into synthesis gas by a variety of
routes, followed by conversion of the synthesis gas
so-produced into higher value products, such as for
example methanol, higher aicohols, or hydrocar-
bons by the well-known Fischer-Tropsch (FT) con-
version.

The production of hydrocarbons from methane
or methane-coniaining mixtures, for example natu-
ral gas, by an initial conversion into synthesis gas
by, for exampie, either steam reforming, autother-
mal reforming or partial oxidation, followed by con-
version over a Fischer-Tropsch catalyst is by now
recognised in the art. Whichever route is used for
the generation of synthesis gas, it is generally
necessary to adjust its hydrogen to carbon monox-
ide ratio to a value which is optimum for subse-
quent Fischer-Tropsch conversion into hydrocar-
bons. The oxidative routes, having a maximum
hydrogen to carbon monoxide ratio of 2:1, require
an increase in the hydrogen to carbon monoxide
ratio. For this purpose a shift reaction involving the
production of hydrogen by the reaction of steam
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with a portion of the carbon monoxide generated
by the synthesis gas production process is gen-
erally postulated. The shift reaction also produces
carbon dioxide which is generally undesirable in
the subsequent Fischer-Tropsch reaction and gen-
grally requires a step for its removal, together with
carbon dioxide generated in the synthesis gas pro-
duction step and steam. The inclusion of a shift
reaction step and a possible carbon dioxide re-
moval step deiract from the economics of the pro-
cess both in terms of capital expenditure in plant
and loss of overall productivity through carbon loss.

We have now deveioped a process which in-
tegrates the two previously known processes in a
manner which is mutually beneficial to their si-
multaneous operation.

Accordingly, the present invention provides a
process for the production of aromatic hydrocar-
bons from a feedstock comprising ethane and/or
propane and/or butane which process comprises
the steps of:

(A) reacting the feedstock in the presence of
a dehydrocyclodimerisation catalyst to produce a
product comprising aromatic hydrocarbons, hydro-
gen and methane,

(B) separating the product of step (A) into an
aromatic hydrocarbon fraction, a methane-rich gas-
eous fraction and a hydrogen-rich gaseous fraction,

(C) feeding all or part of the methane-rich
gaseous fraction separated in step (B) to a synthe-
sis gas production unit, thereby to produce synthe-
sis gas, and

(D) contacting the synthesis gas from step
(C) together with all or part of the hydrogen-rich
gaseous fraction separated in step (B), thereby
increasing the hydrogen to carbon monoxide ratio
of the synthesis gas, with a Fischer-Tropsch con-
version catalyst to produce a hydrocarbon product.

Preferably additional methane-containing hy-
drocarbon gas is fed o the synthesis gas produc-
tion unit in step (C).

Advantages associated with the process of the
invention are that by-product off-gas streams from
the DHCD process can be fully utilised, the
methane-rich gaseous fraction being used as feed-
stock to the synthesis gas production unit and the
hydrogen-rich gaseous fraction being used to in-
crease the hydrogen to carbon monoxide ratio of
the synthesis gas to a value appropriate for F-T
conversion, thereby either completely eliminating
or considerably reducing the size of the synthesis
gas shift operation and considerably reducing any
carbon dioxide removal requirement.

In step (A) of the process of the invention there
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may be used any suitable dehydrocyclodimerisa-
tion catalyst, though a gallium loaded ZSM-5 type
alurmnosilicate zeolite is preferred. The feedstock
w0 this step may be either ethane, propane, butane,
or & mintawre thereof, which may also contain one or
more of metihane, ethylene, propylene or a higher
olefin. A particularly suitable feedstock is the LPG
separated from natural gas, typically by cryogenic
means, methane recovered therefrom being a suit-
able feedstock ta step (C) of the process. Typical
process conditions, catalysts, catalyst treatments
and other information pertinent to the operation of
step {A) of the process may be found in our patent
pubfications GB-A-1499199; 1561590 and 1537780
and EP-A-50021; 119027; 119023; 147111; 162636;
186948 and 202000 and pending unpublished Eu-
ropean application No. 868306340.0, the disclosures
of which are incorporated by reference herein.

The products of step (A) are aromatic hydro-
carbons comprising a mixture of benzene, toluene
and xylene (BTX), methane and hydrogen. In step
(B) these products are separated into BTX, a
methane-rich gaseous fraction and a hydrogen-rich
gaseous fraction. This separation may be effected
in conventional manner.

in step (C) all or part, preferably all, the
methane-rich gaseous fraction separated in step
{B) is fed, preferably together with additional
methane-containing hydrocarbon gas, to a synthe-
sis gas production unit. Suitably the methane-con-
taining hydrocarbon gas may be any gas princi-
pally comprising methane, for example natural gas
and/or the methane recovered from an LPG sepa-
ration unit. It is preferred to use the methane sepa-
rated from natural gas to provide LPG feedstock for
step (A) of the process. The synthesis gas produc-
tion unit may suitably be a steam reforming unit, an
autothermal reforming unit or a partial oxidation
unit, or a combination of primary steam reforming
and secondary autothermal reforming, as described
for example in our copending UK application pub-
lication No. 2178366 (BP Case No. 6046). Prefer-
ably the synthesis gas production unit is a partial
oxidation unit because in contrast to steam reform-
ing and/or autothermal reforming routes partial oxi-
dation processes for the publication of synthesis
gas generally can not produce a synthesis gas
having a hydrogen to carbon monoxide ratio great-
er than 2:1. The oxidative synthesis gas production
unit may be either a catalysed or an uncatalysed
partial oxidation unit, both of which are conven-
tional in the art. A particularly suitable synthesis
gas production unit is a catalytic partial oxidation
unit which may take the form of a fluidised bed or
a spouted bed of reforming catalyst to which is fed
under appropriate conditions of temperature and
pressure the aforesaid methane-containing feed-
stock, steam and an oxygen-containing gas, in suit-
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able proportions. Suitably the oxygen-containing
gas may be molecular oxygen, which may be dilut-
ed with an inert gas, for exampie nitrogen. surtably
in proportions appreciably less than those pertain-
ing in air. Preferred synthesis gas production units
and methods for operating them are described in
our copending European application publication
Nos 163385, 164864 and 178853, the contents of
which are incorporated by reference herein.

The synthesis gas produced in step (C) will
generally contain, in addition to hydrogen and car-
bon monoxide, carbon dioxide either originating
from the feedstock and/or formed in the synthesis
gas production step, and possibly aiso steam. in an
optional step (C) this carbon dioxide and water are
removed in conventional manner, for example by
solvent absorption, together with steam.

In step (D) the synthesis gas separated in step
(C) is admixed with all or part of the hydrogen-rich
gaseous fraction separated in step (B) for the pur-
pose of increasing the hydrogen to carbon monox-
ide ratio thereof and contacted with an F-T conver-
sion catalyst to produce a hydrocarbon product.
The amount of hydrogen-rich gaseous fraction ad-
mixed is suitably sufficient to produce a hydrogen
to carbon monoxide molar ratio greater than 2:1,
preferably in the range from 2.05 to 2.2:1. in order
to achieve this preferred range it may be neces-
sary to either operate a hydrogen bleed or feed
additional hydrogen, though in a preferred embodi-
ment the total throughputs are adjusted to a value
consistent with using the hydrogen-rich gaseous
fraction without any adjustment of the hydrogen
content thereof.

Suitable Fischer-Tropsch catalysts comprise
one or more of the metals iron, cobalt or
ruthenium, optionally supported on a suitable sup-
port, for example silica, alumina, titania or ceria.
Suitably the catalyst may incorporate a crystalline
zeolite, for example ZSM-5 or ultrastable zeolite Y.
A preferred Fischer-Tropsch catalyst is one ca-
pable of converting synthesis gas to a mixture of
gaseous Cz to Cs olefinic hydrocarbons and liquid
Cs* hydrocarbons. A particularly preferred catalyst
is a ruthenium/ceria catalyst as described in our
copending European application publication Nos.
0169743, 0211577 and 0232962, the disclosures of
which are incorporated herein by reference. in an
alternative embodiment, a preferred Fischer-Trop-
sch catalyst is one capable of converting synthesis
gas {o waxy hydrocarbons, which hydrocarbons are
convertible to liquid Cs* hydrocarbons by contact
with a zeolite under appropriate conditions. A pre-
ferred catalyst of this type is cobalt, suitably in
combination with a support, for example zinc oxide,
as described in our copending European applica-
tion No. 87308211.9, the disclosure of which is
incorporated herein by reference.
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Preferred Fischer-Tropsch cataiysts are those
which are tolerant to carbon dioxide, in which case
step (C') may be eliminated or substantially re-
duced in size.

Thereafter it is preferred to separate the gas-
eous hydrocarbon fraction from the liquid hydrocar-
bon fraction of the F-T product and remove water
therefrom. This may be accomplished by conven-
tional means. Conveniently this separation may be
combined with the separation of LPG from naturai
gas to provide the feedstock for step (A) of the
process. The liquid Cs* hydrocarbon fraction may
suitably be used as a gasoline blending compo-
nent.

In the event that the process is operated i
proximity to a crude. oil pipeline the BTX and liquid
Cs* hydrocarbon fraction may suitably be trans-
ported to the refinery via the crude oil pipeline.

A preferred embodiment of the invention will
now be described with reference to the accom-
panying Figure which takes the form of a flowsheet.

With reference to the Figure, 1 is a de-
hydrocyclodimerisation reaction and separation
unit, 2 is a catalytic partial oxidation unit, 3 is a
carbon dioxide separation unit, 4 is a Fischer-Trop-
sch conversion unit, § is a Fischer-Tropsch product
separation unit and 6 to 17 are transfer lines.

In operation LPG separated from natural gas, is
fed through line 6 to the unit 1 wherein it is
contacted with a DHCD catalyst fo produce BTX,
methane and hydrogen, which are separated inta
BTX, a methane-rich gaseous fraction and a
hydrogen-rich gaseous fraction, the BTX being re-
covered through line 7. The gaseous methane-rich
fraction is passed through line 8, combined with
methane from the LPG separation and fed via line
9 to the catalytic partial oxidation unit, oxygen and
steam being fed through lines 10 and 11 respec-
tively. In the catalytic partial oxidation unit 2 the
feedstock is converted to a product comprising
carbon monoxide and hydrogen, together with car-
bon dioxide and steam. The product is fed through
line 12 to the separation unit 3, wherein carbon
dioxide and water are removed.

The hydrogen-rich gaseous fraction from the
DHCD unit 2 is transferred via line 14 and admixed
with the substantially carbon dioxide and water-free
synthesis gas existing from the separation unit
through line 13, thereby raising the hydrogen to
carbon monoxide molar ratio of the synthesis gas
to a value of about 2.14:1, before the mixture
enters the Fischer-Tropsch conversion unit 4. In the
F-T unit 4 the synthesis gas is converted to water
and hydrocarbons comprising a mixture of gaseous
C2»Cs hydrocarbons and liquid Cs* hydrocarbons,
which mixture is passed through line 15 to an F-T
product separation unit 5, wherein the product is
separated into water, LPG which is recycled
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through line *6 1o the LPG feed line 8, and a liquid
Cst hydrozarbon  fraction which is recovered
through line 17, Although the F-T product separa-
tion unit 5 's shown as a separate unit in this case,
it may be ncorporated into the LPG from natural
gas separation unit, thereby saving on plant.

It wilt ce appreciated by those skilled in the art
that the aforedescribed process may be modified
whilst still retaining the essential character of the
invention. For example, in addition to or as an
alternative io step {D) synthesis gas could be con-
verted sither into methanol or a mixture of higher
alcohols.

Claims

1 A process for the production of aromatic
hydrocarbons from a feedstock comprising ethane
and/or propane and/or butane which process com-
prises the steps of:

{A) reacting the feedstock in the presence of
a dehydrocyclodimerisation catalyst to produce a
product comprising aromatic hydrocarbons, hydro-
gen and methane,

(B) separating the product of step (A) into an
aromatic hydrocarbon fraction, 2 methane-rich gas-
eous fraction and a hydrogen-rich gaseous fraction.

(C) feeding all or part of the methane-rich
gaseous fraction separated in step (B) to a synthe-
sis gas production unit, thereby to produce synthe-
sis gas, and

(D) contacting the synthesis gas from step
(C) together with all or part of the hydrogen-rich
gaseous fraction separated in step (B), thereby
increasing the hydrogen to carbon monoxide ratio
of the synthesis gas, with a Fischer-Tropsch con-
version catalyst to produce a hydrocarbon product.

2 A process according to claim 1 wherein the
synthesis gas production unit is an oxidative syn-
thesis gas production unit.

3 A process according to either claim 1 or
claim 2 wherein additional methane-containing hy-
drocarbon gas is fed to the synthesis gas produc-
tion unit in step (C).

4 A process according io any one of the pre-
ceding claims wherein the feedstock reacted in
step (A) is LPG separated from natural gas.

5 A process according to claim 4 wherein
methane recovered from the separation of the LPG
from natural gas is fed to step (C).

6 A process according to any one of the pre-
ceding claims wherein the dehydrocyclodimerisa-
tion catalyst of step (A) is a gallium loaded ZSM-5
type aluminosilicate zeolite.
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7 A process according to any one of claims 2
to 6 whereir the oxidative synthesis gas production
unit of step (C) is either a catalysed or uncatalysed
partial oxidetion unit.

8 A mprocess according to claim 7 wherein the 5
catalytic mertigl oxidation unit takes the form of
either a fluidised bed or a spouted bed of reform-
ing catalyst to which is fed under appropriate con-
ditions of temperature and pressure the methane-
containing feedstock, steam and an oxygen-con- 10
taining gas.

8 A process according to any one of the pre-
cading claims wharein carbon monoxide is pro-
duced in step (C) and in an additional step (G
carbon dioxide is removed from the synthesis gas. 15

10 A process according to any one of the
preceding claims wherein the amount of hydrogen-
rich gaseous fraction admixed with the synthesis
gas in step (D) is sufficient to produce a hydrogen
to carbon monoxide maolar ratio greater than 2:1. 20

11 A process according to claim 10 wherein
the hydrogen to carbon monoxide molar ratio is in
the range from 2.05 to 2.2:1.

12 A process according to any one of the
preceding claims wherein the Fischer-Tropsch 25
catalyst is a catalyst capable of converting synthe-
sis gas to a mixture of C; to Cs olefinic hydrocar-
bons and liquid Cs* hydrocarbons.

13 A process according to claim 12 wherein
the Fischer-Tropsch catalyst comprises ruthenium 30
and ceria.

14 A process according to any one of claims 1
to 11 wherein the Fishcer-Tropsch catalyst is one
capable of converting synthesis gas to waxy hy-
drocarbons. 35

15 A process according to claim 14 wherein
the Fischer-Tropsch catalyst comprises cobalt and
zinc oxide.

16 A process according to any one of claims
12 t0 15 wherein the Fischer-Tropsch catalyst fur- 40
ther incorporates a zeolite.
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