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(57) Abstract

Synthesis gas (carbon monoxide and hydrogen) is produced by
the sequence of primary and secondary reforming comprising; (a) feed-
ing hydrocarbon-containing gas (8) and steam (8) to a primary reform-
ing zone (1) containing a primary steam reforming catalyst (5) under re-
forming conditions wherein the hydrocarbon gas (8) is partially re-
formed to produce a primary reformer effluent (9), (b) feeding the pri-
mary reformer effluent (9) and oxygen-containing gas (14) to a secon-
dary reforming zone (2) containing secondary reforming catalyst (17)
and reforming conditions wherein a secondary reformer effluent is pro-
duced (18), (¢) passing the secondary reformer effluent to the primary
reforming zone (1) as indirect heating medium, and (d) removing the
secondary reforming effluent (18) from the primary reforming zone (1)
and recovering the raw synthesis gas, wherein the primary reforming
zone (1) comprises at least one double-pipe heat exchanger-reactor, the
primary steam reforming catalyst (5) being positioned either in the cen-
. tral core (16) of the double-pipe heat exchanger or in the annulus (6)
thereof and in that the secondary reformer effluent is passed through
whichever of the central core (16) or annulus (6) does not contain the
. primary steam reforming catalyst (5) countercurrently to the hydrocar-
bon-containing gas and steam.

N \\




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphiets publishing international appli-
cations u_nder the PCT.

AT Austria FR  France ML Mali

AU  Australia GA Gabon MR Mauritania
BB Barbados GB  United Kingdom MW Malawi

BE Belgium HU Hungary NL Netherlands
BG Buigaria IT Ttaly NO Norway

BJ Benin JP  Japan RO Romania

BR Brazil KP Democratic Peaple’s Republic SD Sudan

CF Central African Republic of Korea SE Sweden

€G Congo KR Republic of Korea SN Senegal

€H Switzerland LI  Liechtenstein SU Soviet Union
€M Cameroon LK  Sri Lanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US United States of America
FI  Finland MG Madagascar

LY

L



L

>

WO 87/06221 PCT/GB87/00252

10

15

20

25

PROCESS AND APPARATUS FOR THE PRODUCTION OF SYNTHESIS GAS

The present invention relates to a process and .apparatus for
the production of synthesis gas.

Synthesis gas is the name generally given to a gaseous mixture
principally comprising carbon monoxide and hydrogen, but also
possibly containing carbon dioxide and minor amounts of methane and
nitrogen. It is used, or is potentially useful, as feedstock in a
variety of large-scale chemical processes, for example the
production of methanol, the production of gasoline boiling range
hydrocarbons by the Fischer-Tropsch process and the production of
ammonia.

Processes for the production of synthesis gas are well known
and generally comprise steam reforming, autothermal reforming,
non-catalytic partial oxidation of light hydrocarbons or
non—-catalytic partial oxidation of any hydrocarbons. Of these
methods, steam reforming‘{é generally used to produce synthesis gas
for conversion into ammonia or methanol.

Modifications of the simple steam reforming processes have been
proposed. 1In particular, there have been suggestions for improving
the energy efficiency of such processes in which the heat available
from a secondary reforming step is utilised for other purposes
within the synthesis gas production process. For example, processes
are described in GB-A-1550754, US-A-4479925 and GB-A-2153382 in
which heat from a secondary reformer is used to provide heat to a
primary reformer.

GB~A-1,550,754 describes a process for the steam reforming of
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hydrocarbons by the sequence of primary and secondary reforming,

which comprises the steps of

(a) heating a first mixture of hydrocarbons in the presence of a
steam reforming catalyst to form a first partially reformed
effluent,

(b) heating a second mixture of hydrocarbon feed and steam to
conditions at which primary reforming occurs by indirect heat
exchange with the process gas as hereinafter defined and
reforming said hydrocarbons in the presence of a steam
reforming catalyst to form a second partially reformed
effluent,

(c) ., introducing said first and second partially reformed effluents
to a secondary reformer to carry out said secondary reforming
in the presence of oxygen and forming a secondary reforming
effluent, and passing said secondary reforming effluent as the
process gas in indirect heat exchange with said second mixture
of hydrocarbon feed as set forth in (b) above.

The primary reformer which is heated by the effluent from the
secondary reformer is a shell and tube heat exchanger-reactor.

US-A-4479925 discloses a process for producing ammonia
synthesis gas in a reactor-exchanger primary reformer followed by an
autothermal secondary reformer in which the primary reformer is
heated by synthesis gas from the secondary reformer. The primary
and secondary reformers are separate units, the primary unit being a
shell and tube heat exchagéér-reactor.

GB-A-2153392 discloses an autothermal process for producing a
synthesis gas in which a mixture of steam and hydrocarbon feed gas
is reacted by passing the mixture through a catalyst in
counter-current flow to the combustion reaction effluent of the
process, to cool the reaction effluent and to provide heat for the
reaction of the steam~hydrocarbon feed gaé mixture and introducing
oxygen or oxygen—enriched air to form said combustion reaction
effluent. The patent application also discloses a reactor for
carrying out the process which essentially comprises a shell and

tube heat exchanger-reactor as the primary reformer.
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The present invention provides a process and apparatus for the
production of synthesis gas by the sequence of primary and secondary
reforming in which the avallable heat of the effluent from the
secondary reforming is efficiently used to provide heat for the

5 primary reforming. The apparatus has the advantage that it is
mechanically relatively simple. The apparatus is of a modular
design which allows the heat requirement to be easily changed and
which also provides opera;ional and maintenance advantages.

Thus, according to the present invention a process for

10  producing synthesis gas by the sequence of primary and secondary
reforming comprising;

(a) feeding hydrocarbon-containing gas and steam to a primary
reforming zone containing a primary steam reforming catalyst
under reforming conditions wherein the hydrocarbon gas is

15 partially reformed to produce a primary reformer effluent,

(b) feeding the primary reformer effluent and oxygen-containing gas
to a secondary reforming zone containing secondary reforming
catalyst under reforming conditions wherein a secondary
reformer effluent is produced, A

20 (c) passing the secondary reformer effluent to the primary

reforming zone as indirect heating medium, and

(d) removing the secondary reforming effluent from the primary
reforming zone and recovering the raw synthesis gas,

characterised in that the primary reforming zone comprises at least

25 one double-pipe heat exchanger-reactor, the primary steam reforming
catalyst being positioned either in the central core of the
double~pipe heat exchanger-reactor or in the annulus thereof and in
that the secondary reformer effluent is passed through whichever of
the central core or annulus does not contain the primary steam

30 reforming catalyst countercurrently to the hydrocarbon—-containing
gas and steam.

The present invention includes apparatus suitable for producing
synthesis gas by the process as hereinbefore described which
apparatus comprises a primary reforming zone and a secondary

35 reforming zone, characterised in that the primary reforming zone
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comprises at least one double-pipe heat exchanger-reactor capable of

-

containing a primary steam reforming catalyst in either the central
core or annulus, the double~pipe heat exchanger-reactor having at

leat one inlet for introducing steam and hydrocarbon-containing gas
into whichever of the central core or annulus contains the primary

steam reforming catalyst, an outlet for conveying primary reformer

effluent to the secondary reforming zone and an inlet for
introducing secondary reformer effluent into whichever of the
central core or annulus does not contain the primary steam reforming
catalyst, countercurrently to the steam and hydrocarbon-containing
gas, the secondary reforming zone which is capable of containing
secondary reforming catalyst has an inlet for primary reformer
effluent, an inlet for oxygen-containing gas and an outlet for
conveying the secondary reformer effluent to the primary reforming
zone.

If the primary steam reforming catalyst is positioned in the
inner core of the double-pipe heat exchanger-reactor, the outer pipe
tends to be subjected to a higher temperature and would have to have
a relatively thick wall unless insulated. Prefe;ably, therefore, in
operation the primary steam reforming catalyst of the primary
reforming zone is positioned in the annulus of the (or each)
double-pipe heat exchanger-reactor(s).

Generally, the primary reforming zone will comprise a plurality
of double~pipe heat exchagger—reactors. Each double-pipe heat
exchanger-reactor may be associated with a separate secondary
reforming zone. However, in a'preferred embodiment, a plurality of

double-pipe heat exchanger-reactors, typically 2 to 10, are

~associated with a single secondary reforming zone. Thus, for

example, apparatus according to the present invention may comprise 7

W

secondary reforming zones each of which is associated with 6

double-pipe heat exchanger—-reactors i.e. the total number of

L

double-pipe heat exchanger-reactors is 42.
Suitably, the apparatus according to the present invention may
be constructed as a single unit in order to reduce piping and

ancillary units.
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In a preferred embodiment of the present invention a plurality
of double-pipe heat exchanger-reactors are arranged peripherally
about the circumference of a single secondary reforming zonme and are
close-coupled thereto by, for example, interconnecting pipes. »
Typlically, the secondary reforming zone may be of about 4m diameﬁer
and may have about 12 doube-pipe heat exchanger-reactors arranged
around the periphery thereof. Advantages of the arrangement of the
preferred embodiment are that it is more compact, i.e. it occupies a
smaller area, and it facilitates the removal of one or more
exchanger-reactors for maintenance purposes without substantially
affecting operation of the remaining exchanger-raactors.
Furthermore, it simplifies operation because it reduces the number
of control operations, there being only one secondary reforming zone
to control.

Whichever of the central core or annulus of each double-pipe .
heat exchanger-reactor is not being used for the primary reforming
catalyst may be used to contain secondary reforming catalyst.
Generally, the geometry of the double-pipe heat exchanger-reactor
will not accomodate all of the secondary reforming catalyst, but by
utilising the volume of the double-pipe heat exchanger-reactor, the
volume of the second reforming reactor may be reduced.

The hydrocarbon-containing gas may suitably be any hydrocarbon
capable of undergoing a steam reforming reaction, such as, for
example, at least one hydrocarbon ranging from methane to naphthas
having an end point of ag;ﬁt 220°C, including natural gas, ethane,
propane and LPG. A preferred hydrocarbon-containing gas is natural
gas. If required, the hydrocarbon~containing gas may first of all
be desulphurised using technology known in the art and pressurised
e.g. to about 40 to 80 atmospheres.

The feed to the primary reforming zbne may optionaily also
include carbon dioxide. '

The hydrocarbon~containing gas, steam and optionally carbon
dioxide may suitably be preheated for example to a temperature in
the range 400 to about 650°C before being introduced into the
primary reforming zone. This preheating may suitably be
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accomplished at least in part by using waste heat from elsewhere in
the process and/or by, for example a fired heater. At least the
hydrocarbon~containing gas portion of the feed may then be passed
through a catalyst guard bed for the purpose of removing impurities
therein, for example sulphur, which may be undesireable downstream
to, for example, the steam reforming catalyst.

The preheated feed is then passed to the primary reforming zone
which comprises at least one double-pipe heat exchanger reactor
containing a primary steam reforming catalyst in either the central
core or, preferably, the annulus under steam reforming conditions.

Double-pipe heat exchangers are known and comprise two pipes
one positioned inside the other, generally substantially
concentrically. A packed stuffing box may be used to allow
differential movement and removal of the inner pipe for cleaning or
maintenance purposes.

The primary steam reforming catalyst used in the primary
reforming zone may be any suitable catalyst including conventional
steam reforming catalysts such as, for example, nickel, nickel
oxide, chromia, molybdenum, or mixtures thereof, either supported or
unsupported.

The primary reformer effluent which comprises unchanged
hydrocarbon, carbon monoxide and hydrogen leaves the primary
reforming zone at a temperature which is typically in the range from
650 to 950°C and is fed to the secondary reforming zonme. The
secondary reforming reaéidf contains secondary reforming catalyst
which may be a catalyst of the same type as used in the primary
reforming zone.

The oxygen-containing gas which is fed to the second reforming
zone is suitably air, oxygen-enriched air or oxygen and is
preferably preheated to a temperature in the range 100 to 300°C.
The oxygen-containing gas is preferably oxygen if the synthesis gas
is to be converted to methanol and air or oxygen—enriched air if it
is to be comverted to ammonia.

Steam, hydrocarbon-containing gas and/or carbon dioxide may

also be fed to the second reforming zone. The

.1
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hydrocarbon-containing gas, if used, is preferably obtained by
dividing the feed to the primary reforming zone suitably after
preheating. |

The secondary reforming zone suitably takes the form of a
refractory lined reactor operable under essentially adiabatic
conditions. Part of the hydrocarbon is combusted in order to
provide the heat required for reformation. Suitably, the _
temperature in the second reforming zone is'maintained'in the range
from 900 to 1400°C, typically about 1200°C. The second reformer
effluent is then passed to the primary reforming zone as the
indirect heat exchange medium. The available heat of the second
reformer effluent is used to provide heat for the endothermic
reforming reactions by passing the second reformer effluent through
one or more double-pipe heat exchanger-reactors counter—currently to
the hydrocarbon-containing gas and steam feed mixture. -

In an embodiment of the present invention, whichever of the
central core or annulus of each double-pipe heat exchanger—reactor
does not contain primary reforming catalyst may contain a carbon
monoxide shift catalyst.

The carbon monoxide shift catalyst may suitably bé‘either or
both a conventional high temperature shift catalyst, for example
Fe/Cr, or a steam reforming catalyst. An advantagé bf using this
catalyst disposition is that, as the gas from the secondary reformer
is cooled as it passes through the primary reforming zone, an extra
exotherm is given out as the shift reaction:-

CO + Hy0 3 C02 + Hp
proceeds to the right hand side of the equation to maintain chemical
equilibrium. This extra heat can be used to increase the gas outlet
temperature, all other things being equal, thereby increasing the
temperature driving force at the cooler end of the exchanger.,

This enables operation with a lower steam consunption than
would be possible without shift equilibrium. Another advantage of
maintaining shift equilibrium as the gas is cooled is that‘the

possible formation of carbon by the reaction:-
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2 CO ==>»C0y + C )
which can lead to blockage of the heat exchanger, is eliminated.
For similar reasons, a shift catalyst may be included in downstream .
equipment, for example waste heat boilers.

The secondary reformer effluent is removed from the primary
reforming zone at a temperature which may be for example in the
range from 450 to 700°C and preferably cooled, thereby raising some
or all the steam required in the process. After cooling, carbon
dioxide may be recovered from the effluent. Methods for removing
carbon dioxide from such compositions are well known in the art.

Any suitable method may be used, but it is preferred to use a
physical solution process in order to avoid a demand for large
quantities of steam for regeneration.

Carbon dioxide recovered from the secondary reformer effluent
may be fed to the primary and/or secondary reforming zones, if
required.

The process and apparatus according to the present invention
can have a number of advantages over known processes and apparatus.
The apparatus is relativéiy simple and can be manufactured using
standard pipe sections. Thus the capital cost of the apparatus is
low. Also the apparatus can be designed in the form of modules
which allows the heat requirement and/or capacity of the process to
be relatively easily changed by adding or removing double-pipe heat
exchanger-reactors and/og‘secondary reforming reactors. This
modular approach enables ﬁﬂe apparatus to be easily transported and
installed. It also allows individual double-pipe heat
exchanger-reactors and/or secondary reactors to be shut-down for
maintenance or replacement without having to shut-down the whole
process. The use of double-pipe heat exchanger reactors also
provides more uniform heating than shell and tube heat exchangers in
which tubes at the edge of the tube bundle may be subjected to a
different rate of heat exchange than tubes at the centre of the tube
bundle.

The process and apparatus according to the present invention

will now be further described with reference to the accompanying
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drawings in which;

Figure 1 is a schematic sectional view of one embodiment of the
apparatus according to the present inventidn.

Figure 2 is a schematic sectional view of a second embodiment

5 of the apparatus according to the present inventiod and

Figure 3 is a schematic plan view of a preferred arrangement of
a plurality of double-pipe heat-exchanger ieactors and a secondary
reforming zone.

Figure 4 is a schematic elevation view of the arrangement of

10 Figure 3.

Figure 5 is a flow diagram of a process according to the
present invention

Figure 1 illustrates an integral primary and secondary reformer
comprising a primary reforming zone 1 and a secondary reforming

15 zone 2. The primary reforming zone 1 comprises a double~pipe heat
exchanger—-reactor having an inner pipe 3 and an outer pipe 4, the
two pipes are substantially concentric. A primary reforming |
catalyst 5 is packed into the annulus 6 formed between the inner
pipe 3 and outer pipe & which catalyst is supported by packing 7.

20 The feed for the primary reforming zone enters through inlet 8 and
the primary reformer effluent leaves through outlet 9. Thus the
feed passes along the length of the annulus 6 of the double-pipe
heat exchanger-reactor. A packed gland 10 is provided to permit
relative movement between-the inner pipe 3 and outer pipe 4. The

25 primary reforming zone 1s also provided with an access port 1l. The
gsecondary reforming zone 2 comprises é reactor, lined with a
refractory material 19, attached to the primary reforming zome 1 at
the opposite end to the feed inlet 8. Pipe 12 conveys the primary
reformer effluent from the primary reforming zone 1 to the inlet 13

30 of the secondary reforming zone 2. Oxygen—-containing gas and
optionally steam, hydrocarbon-containing gas and/or carbon dioxide
can be introduced via inlet 14. It will be appreciated that inlet
14 may be replaced by a number of separate inlets. The secondary
reformer effluent leaves the secondary reforming zdne 2 via outlet

35 15 which is connected to the inner core 16 of the primary reforming
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zone 1. The secondary reforming catalyst is shown as being
contained in the secondary reforming zone 2 and also in the inner
core 16 of the primary reforming zone.

The secondary reformer effluent passes along the length of the
central core 16 of the primary reforming zone 1, countercurrently to
the primary reformer feed, and leaves through outlet 18.

The pipes 3,4 of the double-pipe heat exchanger-reactor may be
of any suitable size. For example in an embodiment of the present
invention, the inner pipe 3 may have a nominal bore of 6 inches (152
mm) and the outer pipe 4 may have a nominal bore of 10 inches (254
mm). In another embodiment the inner pipe 3 may have a nominal
bore of 8 inches (203 mm) and the outer pipe may have a nominal bore
of 12 inches (305 mm).

The inner wall of the outer pipe 4 may be insulated e.g. with a
refactory material in order to reduce heat loss. Insulating the
inner wall of the outer pipe 4 may also allow a lower specification,
lower cost material to be used for the pipe wall.

Since the temperatures to which the material of the pipes 3,4
will be exposed will be different at different positions along the
length of the double-pipe heat exchanger-reactor, different
materials can be used at different positions. For example, a metal
suitable for use in a high temperature environment may be required
adjacent the inlet for the secondary reformer effluent 15 whereas a
lower specification, 1ong~cost metal may be adequate adjacent the
outlet 18 for the secondary reforming effluent.

Figure 2 illustrates a second embodiment of the apparatus
according to the present invention in which the same reference
numerals as used in Figure 1 are used to identify the same
elements. The second embodiment differs from the first embodiment
in that in place of the pipe 12 for conveying the primary reformer
effluent from the primary reforming zone 1 to the secondary
reforming zone 2 a shell 20 is used which encloses the second
reforming zone, this shell 20 is directly connected to the annulus 6
of the primary reforming zone and together with the secondary

reforming zone forms an annulus for conveying the primary reforming

s,
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effluent about the secondary reforming zone. The primary reforming
effluent enters the secondary reforming zone via openings 21. 1In
this embodiment, the secondary reforming catalyst 22 is shown as a
bed which is wholly contained within the secondary reforming zone
2. The central core 16 of the double-pipe heat exchanger reactor
may be packed with a carbon monoxide shift catalyst if desired.

Figure 3 illustrates a preferred embodiment of the apparatus
according to the invention in which the same reference numerals as
used in Figure 1 are used to identify the same elements. In this
embodiment a plurality of double-pipe heat exchanger-reactors 1 are
peripherally arranged around the circumference of the secondary
reforming zonme 2, being close-coupled thereto by interconnecting
pipes 12.

Figure 4 illustrates an elevation view of the arrangement of
Figure 3 in which the same reference numerals as used in Figure 1
are used to identify the same elements. In this embodiment, instead
of a single large diameter outlet 18 for the secondary refdrming
effluent there may be used a number of smaller diameter outlets. It
will be readily appreciated that different arrangements of inlets 13
and 14 and pipes 12 are possible-

A process for producing synthesis gas according to the present
invention is illustrated inm Figure 5. In Figure 5, 32 represents a
preheater, 33 represents a fired heated, 36 is a guard bed, 38 is an
integrated primary and seeqndary reformer according to the present
invention such as illustrated in Figure 1 or Figure 2, 48 is a
boiler for generating steam and 49 is a carbon dioxide recovery
plant.

Desulphurised natural gas is fed through line 31 to the
preheater 32 and thereafter through the fired heater 33. After
exiting through line 34, it 1s passed through the guard bed 36
wherein poisons detrimental to the operation of the reforming
catalysts are removed. A proportion of the natural gas is then
passed through line 37 to the primary reforming zone of the
integrated primary and secondary reformer 38. Carbon dioxide may
also be fed to the primary reforming zome through line 40.




WO 87/06221 PCT/GB87/00252

10

15

20

25

30

35

12

Superheated steam is introduced via line 39.

The gas at exit from the primary reformer which may contain a
considerable proportion of unconverted methane is passed through
line 41 to the secondary reforming zome of the integrated reformer
38. Also passed to the secondary reformer is a proportion of the
preheated fresh natural gas through line 43, steam through line 44
and preheated oxygen through line 45. The facility also exists for
adding carbon dioxide through line 51.

The gaseous stream exiting from the secondary reforming zone
is passed as the indirect heating medium to the primary reforming
zone of the integrated primary and secﬁndary reformer 38 which
may contain a catalyst to promote the shift reaction. In cooling
and reacting it heats the primary reaction gases.

The secondary reformer effluent is then passed out of the
primary reforming zome through line 47 and is cooled in the
boilers 48. The steam raised thereby can be used in the process.
Carbon dioxide can be recovered from the cooled gas stream in the
carbon dioxide removal plant 49 using conventional technology.
Reéovered carbon dioxide can be recycled through line.SO to the
reformer 38, optionally via a gas compressor.

The heat available from the secondary effluent may not be
sufficient for all of the primary reforming. Additional‘primary
reformer effluent may therefore be provided by a conventional
radiant steam reforming furnace (not shown). Additional heat may be
provided to the primary reforming zone of the apparatus according to
the present invention. For example, the double-pipe heat
exchanger-reactors may be positioned in a radiant furnace (not

shown) .
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Claims:

1 A process for producing synthesis gas by the seqﬁence of primary
and secondary reforming comprising:

(a) feeding hydrocarbon~containing gas and steam to a primary
reforming zone containing a primary steam reforming catalyst

5 under reforming conditions wherein the hydrocarbon 1s partially
reformed to produce a primary reformer efflueut,

(b) feeding the primary reformer effluent and oxygen-containing gas
to a secondary reforming zone containing secondary reforming
catalyst under reforming conditions wherein a secondary

10 reformer effluent is produced,

(c) passing the secondary reformer effluent to the primary
reforming zone as indirect heating medium, and

(d) removing the secondary reforming effluent from the primary
reforming zone and recovering the raw synthesis gas,

15 characterised in that

the primary reforming zoﬁe comprises at least one double-pipe heat
exchanger-reactor, the primary steam reforming catalyst being
positioned either in the central core of the double-pipe heat
exchanger—reactor or in the annulus thereof and in that the

20 secondary reformer effluent is passed through whichever of the
central core or annulus does not contain the primary steam reforming
catalyst countercurrently to the hydrocarbon-containing gas and |

steam.

25
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2 Apparatus suitable for use in a process for the production of
synthesis gas as claimed in claim 1 which apparatus comprises a
primary reforming zone and a secondary reforming zone

characterised in that

the primary reforming zone comprises at least omne double~pipe heat
exchanger-reactor(s) capable of containing a primary steam reforming
catalyst in either the central core or annulus, the double-pipe heat
exchanger-reactor having at least one inlet for introducing steam
and hydrogen-containing gas into whichever of the central core or
annulus contains the primary steam reforming catalyst, an outlet for
conveying primary reformer effluent to the secondary reforming zone
and an inlet for introducing secondary reformer effluent into
whichever of the central core or annulus does not contain the
primary steam reforming catalyst, countercurrently to the steam and
hydrocarbon-containing gas, the secondary reforming catalyst having
an inlet for primary reformer effluent, an inlet for
oxygen—containing gas and an outlet for conveying the secondary
reformer effluent to the primary reforming zone.

3 Apparatus according to claim 2 wherein in operation the primary
steam reforming catalyst of the primary reforming zone is positioned
in the annulus of the (or each) double-pipe heat
exchanger—~reactor(s).

& Apparatus according to either claim 2 or claim 3 wherein the
primary reforming zone comprises a plurality of double-pipe heat
exchanger-reactors.

5 Apparatus according to claim 4 wherein each double-pipe heat
exchanger-reactor is associated with a separate secondary reforming
zone.

6 Apparatus according to claim 2 wherein the apparatus is
constructed as a single unit.

7 Apparatus according to claim 4 wherein the plurality of
double-pipe heat exchanger-reactors are arranged peripherally about
the circumference of a single secondary reforming zone and are

close-coupled thereto.



WO 87/06221 PCT/GB87/00252

1/4

V L L




PCT/GB87/00252

WO 87/06221

2/4

18

SUBSTITUTE SHEET

. ‘wﬁﬁ



WO 87/06221 PCT/GB87/00252

FIG.4

o —— e e — e =

S IRSTITUTE SHEET




PCT/GB87/00252

WO 87/06221

4/4

G 9l

05

SVANAS [~
gy

8%

8%

67 [

§533X3
zma Y

SUBSTITUTE SHEET




INTERNATIONAL SEARCH REPORT
International Application No PCT/ GB 87 / 00252

1. CLASSIFICATION OF SUBJECT MATTER (it several classification symbols apply, indicate ail) ¢
According to internationai Patent Classification (IPC) or to both National Classification and I1PC

e C 01 B 3/38; B 01 J 8/06

Il. FIELDS SEARCHED

Minimum Documentation Searched 7
Classification System | Classification Symbols

4
iec C0lB; BOL J

Documentation Searched other than Minimum Documentation
to the Extent that such Documaents are Included in the Fields Searched ¢

lll. DOCUMENTS CONSIDERED TO BE RELEVANT?®

Category ¢ l Citation of Document, ' with indication, where appropriate, of the relevant passages 12 | Rsievant to Claim No. '3
i

Y US, A, 3450514 (SINFELT et al.) 17 June 1969
see figure 3; column 4, lines 47-74; 1,2,6
claims 1,2

Y Chemical Abstracts, volume 103, no. 24,
16 December 1985, (Columbus, Ohio, US),
see page 144, abstract 198441f%, 1,2

& JP, A, 60103001 (MITSUBISHI HEAVY

INDUSTRIES, LTD) 7 June 1985

P,Y| GB, A, 2179366 (THE BRITISH PETROLEUM CO.)

4 March 1987

see claims 1,2,13 1,6

A GB, A, 2153382 (FLUCR CORP ) 21 August 1985
see figure 1 1

cited in the application

® Special categories of cited documents: 10 “T* later iﬁ%;m;ont puglinh:? n!tlrﬂtil;: im;n::tioml"ﬁﬂnq dt:"t
wan ; or prio ate and not in con with the application bu
A ggﬁ':::::'.'dd::g':%f:'.ggm:‘r:f:a:é:h‘ art which is not fitud Jo understand the principle or theory underiying the
nvention
E ?fl':';'dg:’.‘"m'm but published on or after the International “X" document of particular relevance; the ciaimed invention
cannot be considersd novel or t be to
“" d%cu::ionl w:trgc‘h may throw hdoubu on priodrl!‘y cl?im(szhor invoive an inventive step
whch |8 cited to ¢ tion date of another “Y* document of particular relsvance; the claimed invention
. citation or other special reason (as specified) cannot be considered to involve an inventive step when the
Q" document referring to an oral disciosure, use, exhibition or document is combined with one or more other such docu-
other means maents, such combination being obvious to a person skilled
“P" document published prior to the international filing date but in the an.
iater than the prionity date claimed “&" document member of the same patent family
iV. CERTIFICATION
Date of the Actual Compietion of the International Search Date of Malling of this International Search Report
N t
2nd July 1987 &1 JUL u3
International Searching Authority Signature of Authorized O '
EUROPEAN PATENT OFFICE M = 'J'A‘M ¢ ‘C‘L =)
‘ 1]

Form PCT/ISA[210 (second sheet) (January 1985)




ANNEX TO THE INTERNATIONAL SEARCH REPCRT ON

INTERNATIONAL APPLICATION NO. PCT/GB 87/00252 (sSA 16932)

This Annex lists the patent family members relating to the

patent documents cited in the above-mentioned international

" search report. The members are as contained in the European .
Patent Office EDP file on 17,/07/87

The European Patent Office is in no way liable for these .
particulars which are merely given for the purpose of
information.

Patent document Publication Patent family Publication
cited in search date member(s) date
report

UsS-A- 3450514 17/06/69 None

GB-A~ 2179366 04,/03/87 DE-=A=- 3627678 12/03/87

GB-A~ 2153382 21/08/85 Nﬁ-A~ 8500238 16/08/85
JP=A- 60186401 21/09,/85
AU-A~ 3813585 08,/08/85
UsS-A- 4666680 19/05/87

For more details about this annex :
see Official Journal of the European Patent Office, No. 12/82



