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tion gas in the process for producing synthesis gas proper, without
producing excess steam, electricity . : ': -. The invention relates. to a
process for produc-  or compression energy, in order to improve the ':.:-
in  synthesis gas by. catalytic reforming of. hy-  thermal efficiency of
said process. drocarbons with steam in a reaction zone and to an   5  It
has now been found that combustion gas apparatus:suitable for carrying out
such a process.  which has been in heat exchange contact with the it is
well known to produce synthesis gas        reforming reaction zone can be
advantageously '    (which 'rnainly contains carbon monoxide and hy-
employed by recycling at least part of said gas to cdrogen, and in addition
unconverted hydrocarbons   the combustion zone. : 0 and.steam) by means of
reforming e.g. natural gas   1o  The invention therefore provides a process
for *  with steam which may comprise carbon dioxide.     producing
synthesis gas by catalytic reforming of .The reforming reactions.  .
hydrocarbons with steam in a reaction zone which is subjected to heat
exchange with a combustion CH4 + 1`120   CO + 3H2                       ..-
gas, which heat exchanged combustion gas is at .   :   +Co'2..2CQ + 2H2
-           :      75   l least partly recycled to a combustion zone. A
main advantage of recycling combustion gas i.-are: highly endothermnic;
substantial amounts of en-  is that the sensible heat of the recycled gas
'(which :-ergy are thereforerequired to sustaina reforming   is at a too
low temperature level to be useful for process and to maintain reactor
temperatures at     the steam  reforming reaction) is retained in the
adequate levels. The required energy:can either be   20  reactor system
and not lost or recuperated for ;upplied Inside the reaction zone (e.g. by
continu- ' other uses, as is the case when no recycle is ..ously,'or
intermittently allowing an exothermic reac-  : applied. The temperature of
the recycled combus- -.: :-tion to take place therein, such as the
combustion  tion gas Jis brought back to a useful level for of hydrocarbons
'with air) or outside said, reaction   sustaining the reforming reaction in
the combustor. zone by cornbus'tionr of fuel in burners which are   25
Another major advantage of recycling combustion usual.y located adjacent to
the reforming reaction   gas is the ability to control the temperature in
the zone inside a reformer furnace.      ' '             combustion zone
more accurately by mixing there- .In most cases the sensible heat left in
combus-  in relatively -large streams of heat exchanged coin- tion gas
which has been heat exchanged with the      bustion  gas with relatively
small streams of *:  :'reforming reaction zone is:employed for generating
30   oxygen-containing gas and fuel; as a result in the and 'superheating.
steam". which in its turn can be  combustion zone temperatures can be
maintained advantageously employed in subsequent process   '   close to a
limit set by the applied construction : steps such as hydrogen production,
ammonia- and    materials. Furthermore, the use of a relatively large .:. .
:'methanol-.synthesis.,  -    :  :''.    stream of combustion gas,
including a substantial However, in some cases the steam  require- 's
amount of recycle gas, will result in improved heat tm~ent of: processes in
which synthesis gas is used,  exchange of 'said combustion gas with the
reaction as feed and which are carried out. near the'reform-  zone. In
addition, the lower combustion tempera- ing unit, is
considerably:.less:than the amount of  tures as compared with combustion of
fuels in a -team  produced by using the sensible heat Or
conventional burner will result in less emission of *  ..ombustion, gas
which, after heat exchange with  40   nitrogen oxides to the atmosphere.
'the reacion zone, may still have a temperature of      Moreover, it will
be clear that in the process .1000  C or even 1100. C. It has been proposed
to       according' to the invention less fuel will have to be employ part
of the energy content of the heat        used in the combustion zone than
when all heat exchanged.combustion gas for the compression of
exchanged combustion gas is withdrawn from the air to be supplied to the
reformer furnace(s); in  45   process itself and used for a different
purpose. addition, it has been proposed to simultaneously E   Accordingly,
less oxygen-comprising gas will have compress. the synthesis gas produced
in. the. re-   to be supplied to the combustion zone; this is former.by
means of a turbo-expander which drives '    particularly relevant when the
combustion gas is both an air- and a synthesis-gas compressor.
obtained by reacting a compressed oxygen-corn- In a number of processes
in'.which synthesis  so  prising gas (preferably air) with a fuel in the
corn- 'gas istused as feedstock, however, the amount of    -  bustion zone
because a smaller compressor (using -    compression energy required is
relatively low. as a  less energy) can then be used, compared with the
result of a moderate pressure difference between     situation in which no
combustion gas is recycled. the operating pressure of e.g. :a hydrocarbon
syn-   The use of compressed, and thereby preheated, thesis process and the
pressure at which synthesis:  56'  oxygen-comprising gas is preferred in
the process * gas becomes available from the reforming unit.     according
to the invention in order to improve the It would be advantageous to apply
at least part  thermal efficiency of the combustion zone and thus 



: of the heat content of the heat exchanged combus-  of the total process.
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order to overcome the usually small pres-     tor (2); in a preferred
embodiment of the process sure drop (e.g. in the order of 0.5-5 bar)d
resulting  according to the invention said fuel is introduced at from the
flow of combustion gas through a synthe-    superatmospheric pressure and
may comprise ef- sis reactor at least the heat exchanged combustion
fluent gas from a (heavy) hydrocarbon synthesis gas which is to be recycled
to the combustion zone   5   unit wherein synthesis gas is used as feed. An
is preferably first compressed to the pressure pre-  oxygen-comprising gas
(usually air) stream (3) is vailing in said zone. Alternatively, an
ejector-type of  compressed in. compressor (4) and led through line
combustor can be used when the required pres-.:      (5) to combustor (2)
from which hot combustion sure. increase of the heat exchanged combustion.
gas flows through line (6) to a section (7) of the gas is small enough to
make it viable; in this case   io  reforming reactor. In the reactor heat
exchange combustion gas is advantageously recycled direct-   takes place
between hot combustion gas in section ly to the combustion zone.
(7) and the catalytic reforming -section (8) into :_The combustion. zone is
preferably spaced        which a feed stream is introduced through line
(9). - apart from the. reaction zone, and is most prefer- . The feed stream
comprises hydrocarbons and ably' located outside the. reforming reactor
vessel;  .s  steam; preferably, carbon dioxide is also intro- this way a
smaller: vessel can be employed for a     duced into the reforming section,
thus enabling given., capacity of synthesis gas production and,  .
adjustment of the H2/CO ratio in the reformed gas moreover, the reaction
zone will be heated sub-.    to values desired for further processing the
gas in ..-:stantially uniformly by combustion gas instead-of  e.g. a
hydrocarbon synthesis unit. In case the re- risking local overheating by a
number of burners  20. forming unit is coupled with such a hydrocarbon I.,
.located near the reaction zone, as in previous re-  '": synthesis unit,'
the feed stream in line (9) preferably forming processes.                :
also* comprises gas (e.g. carbon dioxide, carbon -   'The invention further
provides an apparatus      monoxide, hydrogen and/or CI CA hydrocarbons)
suitable for the production. of synthesis gas includ-  which is separated
from the desired products (e.g. :'ing a reactor which comprises feed inlet
means   25   hydrocarbons with 5 or more carbon atoms per and product
outlet means. communicating with heat   '   molecule) of the hydrocarbon
synthesis unit. -exchanger.reactor internals, and'combustion gas
Synthesis gas emanating from the reforming in- and -:outlet means, which
apparatus also in-     section (8) is suitably led through line (10) to
com- : ludes a 'combustor spaced apart from the reactor  ' pressor (11) to
be compressed to the desired, or in ,and: communicating with said
combustion gas in-  30.  some cases the maximum attainable, pressure. Of
and. outlet means.                                   course, compressor
(11) can be omitted e.g. when The reactor internals' preferably comprise
dou-  the pressure. of the synthesis gas in line (10) is bloe concentric
tubes with catalyst in the annular '  sufficient for further. processing,
or when insufficient .:;. space. between the tubes. The: outer tubes are:
power 'is available. for compressing  both the ..'suitably mounted
substantially vertically' in a hon-  35-  oxygen-comprising gas stream (3)
and the synthe- zontal inlet manifold for hydrocarbon/steam  (and,'  sis
gas. Said power is suitably generated by ex- optionally carbon' dioxide)
feed distribution. The   panding a part of the heat exchanged combustion
lower ends of the outer tubes are closed in order to  gas stream  (12) in
turbo-expander (13). Excess reverse the flow of gas having passed
downwardly     power from the turbo-expander, not required for the .
through: the annular catalyst bed. The inner tubes .40.  above-mentioned
purposes, can be suitably applied into which: the product gas is
subsequently passed,  for compressing heat exchanged combustion gas, are
suitably connected to a product outlet manifold,  by coupling
turbo-expander (13) directly with com- .. Advantageously, the combustion
gas (having a       pressor (15) or with an electric generator (not
temperature of e.g. 900-1200  C) enters the re-      shown in the Figure;
preferably a motor/generator forming reactor below or near the lower end of
the   45   which can be used also during start-up of the -tubular reaction
zone and leaves the reactor below  process according to the invention)
delivering elec- the horizontal inlet manifold, which: is situated at  tric
power to a motor (not shown) which drives the' relatively cold (e.g.
650-800 'C) upper part of  compressor (1 5). the. reactor.. When the
concentric tubes are moun-      The' heat exchanged combustion gas is
prefer- ted in the above-described manner, their hot lower  so  ably
recycled to the combustor (2) (after compres- ends can expand freely and
thermal expansion in      sion) through line (16) at a temperature from
600- the manifolds is kept to a minimum.                  850 . C,
preferably from 650-800 TC, and a pres- 



Further aspects of the invention will be diis-  'sure from 5-30 bar,
preferably from 10-20 bar. cussed with the use' of the''reference numerals'
Combustor (2), turbo-expander (13) and com- given in the. Figure wherein;
only: by way of exam-'  55   pressor (4) (and/or- other compressors) may be
pie, various preferred features ofthe process ac-    combined in one
apparatus, i.e. a gas turbine, for eording. to the inventionhave been:
included.        compact construction of the reforming apparatus Fuel is
introduced:through line (1)-into combus- '  according to the present
invention, which is desir- 3    -  .: '.';  .:  0 -':    5-   i EP 0212
1755.51       6 -,le for e.g. off-shore use.                         5. A
process according to claim 3 or 4 in which The invention is further
illustrated by. the follow-  part of the heat exchanged combustion gas -is
-ing Example. ''                                       expanded to provide
power for compressing at In a' process set-up as depicted in the Figure a
least part of the oxygen-comprising gas. ,feed stream comprising 930
tons/day of methane,   5 2,790 tons/day of steam and 870 tons/day of car-
6. A process according to any of the preceding bon, dioxide is introduced
through line (9) at a       claims in which synthesis gas obtained from
temperature of 475 6  C and a pressure of 15 bar       the reaction zone is
compressed by employing (abs.) into the catalytic reforming section (8) '
power generated by expanding part of the heat wherein the feed is contacted
with a catalyst corm-   0  exchanged combustion gas. prising nickel on
alumina as carrier and converted' to, synthesis gas which leaves the
reforming section  7. A process according to claim 5 or 6 in which through
line (10) at a temperature of 650 'C and a     excess power is applied for
compressing heat ', pressure of 13 bar (abs.). In combustor (2) 27,530
exchanged combustion gas. tons/day of combustion gas recycled at a tempera-
is ture of 750:o  C and a pressure of 15 bar (abs.)   8. A process
according to any of claims 5-7 in through line (16) is reheated and mixed
with the       which expanded combustion gas is heat ex- combustion
products of 141 tons/day of hydrogen        changed with oxygen-comprising
gas. :ias fuel gas and 5,070 tons/day of atmospheric air compressed to a
pressure of 15 bar (abs.) at a.  20  9. A process according to any of the
preceding yiemperature` of 425 'C, supplied through lines (1)      claims
in which carbon dioxide is introduced and (16), respectively. The resulting
combustion       into the reaction zone. gas enters section (7) of the
reforming reactor at a temperature of;1030 *C and a pressure of 15 bar
10. A process according to any of the preceding (abs.) and is subsequently
cooled off to a tempera-  25  claims in which part of the heat exchanged
ture of 730  C by heat exchange with reforming .       combustion gas is
recycled at a temperature ,     section,-(8). 5,21 1 tons/day of. the heat
exchanged  from 600-850 *C, preferably from 650-800 *C, combustion gas is
expanded to atmospheric pres-        and a pressure from 5-30 bar,
preferably from sure and exits turbo-expander (13) at a temperature
10-20 bar, to the combustion zone. of 300Q* C    :
30 Accordingly, 84% of the heat exchanged corm-    11. An apparatus
suitable for the production of . bustion gasi (27,530 tons/day of a total
of 32,741   synthesis gas including a reactor which com- :   tons/day), as
described hereinbefore, is recycled to  prises feed inlet means and product
outlet the 'combustor instead' of being used for steam        means
communicating with heat exchanger re- generation or compression purposes,
as in prior art  35  actor internals, and combustion gas in- and processes.
outlet means, which apparatus also includes a combustor spaced apart from
the reactor and C Glaims
communicating with said combustion gas in- -  - X.                   -
'and outlet means. x_, A process for producing synthesis gas by cata-  40 .
ytic reforming of hydrocarbons with steam in a  12. An apparatus according
to claim 11 wherein reaction zone which is subjected to heat ex-       the
combustor forms part of a gas turbine. change with a combustion gas which
heat ex- ,changed combustion gas is at least partly re-  Revendloations
cycled to a combustion zone.               45 1. Proc6dd de production de
gaz de synthbse par 2. A process according to claim 1 in which heat
reforming catalytique d'hydrocarbures avec de 



- -    exchanged combustion-gas is.compressed be-          la vapeur d'eau
dans une zone de reaction fore being recycled to the combustion. zone.
qu'on soumet a un 6change de chaleur avec 50      un gaz de combustion, ce
gaz de combustion 3.' A process according claim 1 or 2 in which the
ayant subi Exchange de chaleur dtant au moins combustion gas is obtained by
reacting a com-      partiellement recycl6 a une zone de combus- pressed
oxygeh-comprising gas with a fuel in a     tion. combustion zone, ,:   :  :
5s5. 2. Proc6d6 sel on la revendication 1, dans laquel- '4. A process
according to claim 3 in which the         le le gaz de combustion ayant
subi 11change combustion zone is spaced apart from  the          de chaleur
est comprim6 avant son recyclage reaction zone.             -
a la zone de combustion. 4    5             ,:~~~~EP 0 a212 755 131
6   lllCt(0l{I ~~ P 0 2 i 2 7 5 5 B I   6   ~~~~~~C   L   N   S * f )le for
e.g. c -shore use.                          5. A process according to claim
3 or 4 in which The hivention is further illustrated by the follow-  part
of the heat exchanged combustion gas is ing Example.
expanded to provide power for compressing at In a process set-up as
depicted in the Figure a     least part of the oxygen-comprising gas. feed
stream comprising 930 ionsiday of methane,   s 2,790 tons/day of steam and
870 tons/day of car-    6. A process according to any of the preceding bon
dioxide is introduced through line (9) at a         claims in which
synthesis gas obtained from temperature of 475 'C and a pressure of 15 bar
the reaction zone is compressed by employing (abs.) into the catalytic
reforming section (8)         power generated by expanding part of the heat
wherein the feed is contacted with a catalyst corm-   10  exchanged
combustion gas. prising nickel on alumina as carrier and converted to
synthesis gas which leaves the reforming section  7. A process according to
claim 5 or 6 in which through line (10) at a temperature of 650 *C and a
excess power is applied for compressing heat pressure of 13 bar (abs.). In
combustor (2) 27,530      exchanged combustion gas. tons/day of combustion
gas recycled at a tempera-   15 ture of 750  C and a pressure of 15 bar
(abs.)      8. A process according to any of claims 5-7 in through line
(16) is reheated and mixed with the        which expanded combustion gas is
heat ex- combustion products of 141 tons/day of hydrogen         changed
with oxygen-comprising gas. as fuel gas and 5.070 tons/day of atmospheric
air ..compressed to a pressure of 15 bar (abs.) at a   20  9. A process
according to any of the preceding. .emperature of 425  C, supplied through
lines (1)       claims in which carbon dioxide is introduced and (161.
respectively. The resulting combustion       into the reaction zone. gas
enters section (7) of the reforming reactor at a temperature of 1030 'C and
a pressure of 15 bar     10. A process according to any of the preceding
(abs.) and is subsequently cooled off to a tempera-  25  claims in which
part of the heat exchanged ture of 730 *C by heat exchange with reforming
combustion gas is recycled at a temperature section (8). 5,211 tons/day of
the heat exchanged      from 600-850 'C, preferably from 650-800 'C,
combustion gas is expanded to atmospheric pres-         and a pressure from
5-30 bar, preferably from sure and exits turbo-expander (13) at a
temperature     10-20 bar, to the combustion zone. of 300 ' C.
30 Accordingly, 84% of the heat exchanged com-      11. An apparatus
suitable for the production of bustion gas, (27,530 tons/day of a total of
32,741      synthesis gas including a reactor which com- tonsiday), as
described hereinbefore, is recycled to    prises feed inlet means and
product outlet the combustor instead of being used for steam
means communicating with heat exchanger re- generation or compression
purposes, as in prior art  35  actor internals, and combustion gas in- and
processes                                               outlet means, which
apparatus also includes a combustor spaced apart from the reactor and
Claims                                                  communicating with
said combustion gas in- and outlet means. A process for producing synthesis
gas by cata-  40 lytic reforming of hydrocarbons with steam in a  12. An
apparatus according to claim 11 wherein 



reaction zone which is subjected to heat ex-        the combustor forms
part of a gas turbine. change with a combustion gas which heat ex- chariged
combustion gas is at least partly re-  Revendications cycled to a
combustion zone.                45 1. Proc6dd de production de gaz de
synthbse par 2. A rp.cess according to cia;,n 1 in which heat
reforming catalytique d'hydrocarbures avec de ex::na ged combustion gas is
compressed be-         la vapeur d'eau dans une zone de reaction Core j-ing
recycled to the combustion zc,:-e.       qu'on soumet a un 6change de
chaleur avec so      un gaz de combustion, ce gaz de combustion 3. A >:c
cess according clairn I or 2 in whiN'n the     ayant subi M'change de
chaleur dtant au moins con)icustion gas is obtained by reacting a corn-
partiellement recycl6 a une zone de combus- pressed oxygen-comnprising gas
with a fuel in a     tion. conibustion zone. 655  2. Procde sel on la
revendication 1, dans laquel- 4. A process according to claim 3 in which
the         le le gaz de combustion ayant subi l'6change combustion zone is
spaced apart 'rem  the           de chaleur est comprim6 avant son
recyclage reaction zone.                                      a la zone de
combustion. 4    7                 EP 0 212 755 B1                     8
II!   L   M   111 11 3. Proced6 :selon la revendication 1 ou 2, dans
12. Appareil selon la revendication 11, dans lequel .tquol on obtient le
gaz de combustion en    .     le dispositif de combustion fait partie d'une
faisant reagir un gaz comprim. contenant de        turbine ^ gaz. -'oxygene
avec un combustible dans une zone do comibustion. -
PatentansprUche 4, Proc6de selon, la revendication 3, dans lequel  1.
Vrfahren zum  Erzeugen von Synthesegas 'la zone de combustion est espacee
de la zone      durch katalytisches Reformieren von Kohlen- de reaction.
:                       wasserstoffen mit Dampf in einer Reaktionszo- .10
ne, die einem Warmeautausch mit einem Ver- 5. . Procede solon la
revendication 3 ou 4, dans  .   brennungsgas unterworfen ist, wobel das
Ver- lequel une partie du gaz de combustion ayant       brennungsgas nach
dem Warmeaustausch zu- subi 'l1change de chaleur est expansee pour
mindest teilweise zu einer Verbrennungszone fournir de l'energie servant:-
comprirnr une .    rezirkuliert wird. partie au moins du gaz oxygene.  '1
2. Verfahren nach Anspruch 1, be! welchern das 6. Proc~d6 Wslon l'une
quelconque des revendi-.    .   Verbrennungsgas nach dem Warmeaustausch
cations precedentes, dane lequel on comprime       verdichtet wird, bevor
es zur Verbrennungszo- le gaz de synthese provenant de la zone de
no rezirkuliert wird. reaction en utilisant 1' energie engendree par la  20
* portion expansee du gaz de combustion ayant   3. Verfahren nach Anspruch
1 odor 2, be! wel- subi l'schange de chaleur.  .                      chem
das Verbrennungsgas durch Reagieren olnes verdichteten, sauerstoffhaltigen
Gases 7. Proced6 selon ia revendication 5 ou 6, dans   .     mit einem
Brennstoff. in einer Verbrennungszo- lequel on uti!ise. I'exces d'6norgie
pour cornpri-  25  no erhalten wird. mer le gaz do combustion ayant subi
:l'chan- go de chaleur.                                  4. Verfahren nach
Anspruch 3, be! welchem die Verbrennungszone im Abstand von der Reak- ..
Proc6:d4 solone lune quelconque dos revenidi-       tionszone liegt.
cations 5    7, .dans lequel on echange thermi- .30 quement'le gaz de
combustion avec le. gaz       5. Verfahren nach Anspruch 3 oder 4, bei wel-
oxygdn6.,,                                         chem ein Teil des
Verbrennungsgases nach derm  Wirmeaustausch expandiert wird, urm -. Proced6
solon l'une quelconque des. revendi-        Energie fir des Verdichten von
zumindest ei- cationa prec6dentes,: dansa tequel, on introduit  3 -   nem
Teil des sauerstoffhaltigen Gases zu lie- I'anhydride carboniquec dans la
zone de         fern. ,r6action;: 



6. Verfahren nach olnem der vorhergehenden An- 1.,. Proc6de solon I'une
quelconque des revendi-       sprOche, be! welchem Synthesegas, das aus _>
:: 'cations pr~cddentes, dans lequel on,, recycle:  40  der Reaktionszone
erhalten wird, verdichtet une partie du gaz de combustion ayant subi
wird, indem  Energie 'angewendet wird, die - I:chango de chaleur ' une
temperature de         durch Expandieren eines Teiles des Verbron- 600 a
850 C, de pr~f6rence de 650 b 800 C,         nungsgases nach dom
W~rmeaustausch er- et sous une pression ds 5 d 30 bars, de           .
zougt wird. pref6rence de 10 ' 20 bars, a la zone de   45 combustion.
.                           7. Verfahren nach Anspruch 5 oder 6, be! dom
OberschuSenergio augswendet wird, um das 11. Appareil qui convient pour la
producLton d'un      Varbrennungsgas nach dom Warmeaustausch gaz de
synthbse comportant un reacteur, qui        zu verdichten. comprend des
moyens.d'admission de charge   so et des moyens de sortie. du produit en
commu-   8. Verfahren nach einem der AnsprOche 5 bis 7, nication avec les
organes internes du rdacteur     beL. weochem das expandierte Verbrennungs-
- chang'ur de chaleuri et dos moyens d'entree       gas einem
Warmeaustausch mit sauerstoffhal- et de sortie du.gaz de combustioni
appareil qui    tigem Gas unterworfen wird. -comprend 6galement un:
dispositif de combus-  55 tion espac6 du reacteur et on communication
9. Verfahren nach einem der vorhergehenden An- avec lesdits moyens d'entree
et do sortie du       sprUche, bei welchem Kohlendioxid in die Re- gaz de
combustion.                                 aktionszone eingefflhrt wird. 5
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1111111111111 Verfahren nach einem der vorhergehenden An- spr(lche, be!
welchem ein Teil des Verbren- nungsgases nach dem Warmeaustausch bei einer
Temperatur von 600 - 850 C zur Ver- brennungszone rezirkuliert wird,
vorzugsweise   5 von 650 - 800  C und bei einem Druck von 5 - 30 bar,
vorzugsweise von 10 - 20 bar. 11. Vorrichtung zur Erzeugung von Synthesegas
mit einem  Reaktor, der Einsatz-Einlalmittel  tO und Produktauslalmittel
aufweist, die mit dem Warmeaustauscher-Reaktorinneneinrichtungen in
Verbindung stehen, und Verbrennungsgas- Ein- und -auslallmittel, wobei die
Vorrichtung auch eine Verbrenngseinrichtung aufweist, die  15 im Abstand
vom Reaktor liegt und mit den Verbrennungsgas-Ein- und -auslalmitteln in
Verbindung steht. 12. Vorrichtung nach Anspruch 11, be! welcher die  20 <>
Verbrennungseinrichtung einen Teil einer Gas- turbine bildet. 25 30 .
.~~~~~~~~~~~~~~~~4. 36 * g:                           -   ~~~~~~~~~~~40 45
50 :: .                    .     .    .   .~~~~~~~~~    


