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covery of naphtha, hydrogen-rich recycle gas, and light hydrocarbon streams
from the effluent of a catalytic reforming zone. US-A-3,101,261 illustrates
The present invention relates to hydrogen-pro-    a process to recover
hydrogen, light ends and ducing hydrocarbon conversion processes, more   5
naphtha from the effluent of a reforming reaction particularly to the
treatment of an effluent stream  zone. These references are pertinent for
their comprising hydrogen, ethane and [ERR] hydrocar-    showing of the use
of such separatory techniques bons from such a process. In one aspect the
inven-  as partial condensation and stripping columns. US- tion relates to
a catalytic process referred to as de-  A-3,431,195 is pertinent for
showing a reactor efflu- hydrocyclodimerization wherein two or more mole-
10   ent flow in which the gaseous portion of a partially cules of a light
aliphatic hydrocarbon, such as     condensed reactor effluent is
compressed. propane or butane, are joined together to form a       It is
common knowledge that it is very desirable to product aromatic hydrocarbon.
Nonaromatic [ERR]       cool the effluent gas of a first compressor before
plus hydrocarbons are also produced, especially     passing this gas into a
second stage of compres- when substantial amounts of olefins are present in
15  sion. Multiple stages of compression are normally the feed. The
Invention seeks in particular to pro-  more economical and may be the only
commercially vide improvements in the separatory methods used    feasible
method of significantly pressurizing large to recover hydrogen and product
[ERR] hydro-      volumes of gas. It is also well known in the art that
carbons from a vapor phase dehydrocyclodimeriza-    when the gas being
compressed contains condensi- tion reaction zone effluent stream and, in a
pre-   20   ble hydrocarbons, it is advisable to employ a vapor- ferred
embodiment, to provide techniques for recy-  liquid separator downstream of
the interstage cool- cling  unconverted  feed  hydrocarbons to  the      er
to prevent condensate formed in the cooler from reaction zone.
entering the next compression stage. There are a large number of prior art
references     US-A 4 528 412 is pertinent for its description of which
describe the conversion of light aliphatic hy-   25   a product recovery
method for dehydrocyclodime- drocarbons to aromatic hydrocarbons. For in-
rization processes. In this process flow a C3 or C4 stance, US-A-2,992,283
describes the conversion     feed stream of line 1 is passed into the upper
portion of propylene to a variety of higher molecular weight  of a
debutanizer column 2. The overhead vapor of hydrocarbons using a treated
crystalline aluminosili-  this column is charged to the reactor. cate as
the catalyst. US-A-4,347,394 describes   30    The present invention
provides a unique process the conversion of [ERR] hydrocarbons to aromat-
flow which reduces the costs of dehydrocyclodimer- ics using a nonacidic
zeolite supporting a platinum  ization and other hydrogen-producing
hydrocarbon compound. US-A-4,329,532 describes the conver-      processes.
The invention Is characterized by the sion of C4-minus olefins or mixtures
of olefins and  method in which the feed stream is used as a coolant
paraffins to aromatic hydrocarbons. The catalyst  35  to reduce the
utilities costs of product recovery comprises a crystalline silicate having
a specified  fractionation and to aid in the separation of the re-
composition, crystallite size range, and X-ray dif-  actor effluent.
Another characteristic feature of fraction  pattern.  US-A-4,444,988
describes  a    the invention resides in using a heat produced by in-
process flow for the recovery of the products of a  terstage compression of
the reactor effluent va- similar process consuming a [ERR] feed-   40
pors to reboil a fractionation column. stock. The emphasis of this patent
is the use of heat  According to the invention a hydrogen-producing
exchange to improve the economics of condensing     process for the
conversion of light aliphatic hydro- hydrocarbons from  the reaction  zone
effluent      carbons into [ERR] hydrocarbons comprises the stream.
steps of: US-A-4,180,689 describes the conversion of Ca-  45 Ca aliphatic
hydrocarbons to aromatic hydrocar-       (a) passing a feed stream into a
catalytic reaction bans in a process which employs a catalyst compris-
zone maintained at conversion conditions selected ing gallium supported on
an aluminosilicate. US-A-  to provide a reaction zone effluent stream
compris- 3,761,389 describes an improved process for con-    ing ethane,
hydrogen and [ERR] hydrocarbons; verting 02 to 400 degrees Fahrenheit [ERR]
hy-  50   (b) separating the reaction zone effluent stream drocarbons to
aromatics -over a ZSM-5 type cata-   by a series of steps comprising
cooling, partial con- lyst. The improvement resides in the use of two re-
densation and vapor-liquid separation into a vapor- action stages in
series, with the first being at more  phase first process stream
comprising hydrogen severe operating conditions. US-A-3,843,740 also    and
ethane and a liquid-phase second process describes a process for
aromatizing aliphatic feed-   55   stream comprising Ce-plus hydrocarbons;
and stocks using two different catalysts in the reactor.  (c) passing the
second process stream  into a This reference is also pertinent for the
process dia-  first fractional distillation zone and recovering [ERR] gram
illustrating the recovery of the product aro-  plus hydrocarbons; matics by
fractionation.                            and is characterised by the steps
of The separation of product hydrocarbons from a   60    (d) heating the
vapor-phase first process stream reaction zone effluent stream which also
contains   by compression; light hydrocarbons and possibly hydrogen is
impor-    (e) cooling at least a portion of the heated first tant to the
successful operation of several hydro-  process stream by indirect heat
exchange, with the carbon conversion processes. For instance. US-A-
heated first process stream being employed as a 3,537,978 and
US-A-3,574,089 describe the re-  65   heating medium used to reboil a
second fractional 2    
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and partially condensing the cooled  ing column is reboiled by heat from
the interstage first process stream; and
compression of reactor effluent vapors. At least a (f) separating the thus
partially condensed first  portion of dried feed withdrawn from column 7 is
process stream  into a liquid-phase third process    flashed  into  another
fractionating  column 14 stream  and a vapor-phase fourth process stream
5   (hereinafter called the first fractionating column) having a higher
concentration of hydrogen than the   via line 12 to provide reflux, with
the cool overhead first process stream.
vapor and other portion of the feed, which is also flashed, being used to
cool reactor effluent vapor In preferred embodiments the process comprises
in heat exchanger 19. the steps of passing at least a portion of a feed
10  The subject invention can be applied to a wide va- stream, which
comprises [ERR] and/or [ERR] feed hydro-     riety of hydrogen-producing
hydrocarbon conver- carbons, into an upper portion of a first fractional
sion processes. For instance, the subject invention distillation zone
operated under conditions such     may be employed in a hydrodealkylation
process or that the entering feed stream hydrocarbons func-    in the
catalytic reforming of naphthas as is per- tion as reflux liquid to the
first distillation zone and   15  formed to increase the octane number or
aromatics that hydrocarbons charged to the first distillation  content of
the naphtha boiling range hydrocarbon zone are separated therein into a net
overhead va-  fraction charged to this process. The identity of the por
stream comprising [ERR] and/or [ERR] hydrocarbons      actual process to
which the subject invention is em- and a net bottoms stream comprising
[ERR] hydro-   ployed will greatly affect the preferred catalyst, carbons
which is withdrawn from the process as a   20  feedstocks, operating
conditions and other topics product; heating the overhead vapor stream and
a     relevant to a discussion of the use of the invention. hereinafter
characterized recycle stream  by indi-   The process being performed will
also determine the rect heat exchange against a hereinafter character-
composition of the various process streams. For in- ized first process
stream, and then passing the      stance, in a reforming process there will
be only overhead vapor stream and the recycle stream into  25  small
quantities of propane, ethane, and other light a catalytic reaction zone
maintained at conversion   hydrocarbons formed as by-products. The composi-
conditions and wherein [ERR] hydrocarbons and      tion of the reactor
effluent will therefore comprise hydrogen are produced, and producing a
reaction      basically . [ERR] hydrocarbons and hydrogen and zone effluent
stream comprising methane, ethane,   there will be only small amounts of
propane present [ERR] and/or [ERR] hydrocarbons, hydrogen and [ERR]   30
in the gas and liquid streams being processed. On hydrocarbons; separating
the reaction zone efflu-   the other hand, if the subject invention is
applied to ent stream by a series of steps comprising cooling,  a process
such as dehydrocyclodimerization in partial condensation and vapor-liquid
separation in-  which the feedstock may comprise propane or bu- to a
vapor-phase second process stream compris-     tane and [ERR] hydrocarbons
are the products then it ing hydrogen, ethane and [ERR] and/or [ERR]
hydrocar-  35  is expected that many of the process streams in- bons and a
liquid-phase third process stream which   volved in the process will
contain sizable amounts comprises Ce-plus hydrocarbons and [ERR] and/or
[ERR]      of propane, perhaps to the near exclusion of Cs+ hydrocarbons;
passing the third process stream in-   hydrocarbons and/or hydrogen. The
preferred em- to the first fractional distillation zone; passing at
bodiment of the subject invention is found in its ap- least a portion of
the second process stream    40   plication to a dehydrocyclodimerization
process. through an indirect heat exchange means as said      Therefore,
the remainder of this description of the first process stream, partially
condensing the first  invention will be skewed towards a process for de-
process stream, and producing a vapor-phase
hydrocyclodimerization. fourth process stream, comprising hydrogen and
Processes for the conversion of light aliphatic ethane, methane. and a
liquid phase fifth process   45   hydrocarbons to aromatic or nonaromatic
Cs-plus stream, which comprises [ERR] and/or [ERR] hydrocar-
hydrocarbons have been the subject of significant bons; separating the
vapor-phase fourth process      development efforts as evidenced by the
previous- streams by a series of steps comprising partial con-  ly cited
references. The basic utility of the process densation and vapor-liquid
separation into a vapor-  is the conversion of the low cost highly
available [ERR] phase sixth process stream, comprising ethane, a   50
and/or C4 hydrocarbons into the more valuable aro- hydrogen-rich seventh
process stream which com-      matic hydrocarbons and hydrogen or to
convert the prises methane and a liquid-phase eighth process    feed
hydrocarbons to higher molecular weight stream  comprising [ERR] and/or
[ERR] hydrocarbons;        aliphatic products. This may be desired simply
to up- passing at least a portion of the fifth and eighth   grade the value
of the hydrocarbons. It may also be process streams into the first
fractional distillation   55   desired to correct an. overabundance of the
Cs and zone; and recycling at least a portion of the sixth  C4 hydrocarbons
or to fulfill a need for the aromat- process stream as the previously
referred to recy-  ic hydrocarbons. The aromatic hydrocarbons are de
stream.                                           highly useful in the
production of a wide range of The accompanying drawing is a simplified
diagram   petrochemicals, with benzene being one of the most of a process
in which a propane-containing mixture   60   widely used basic feed
hydrocarbon chemicals. The from line 1 is dried by passage through a
fractiona-  product aromatic hydrocarbons are also useful as tion column 7
(hereinafter called the second frac-   blending components in high octane
number motor tionating column) and is converted in reaction zone  fuels. 21
into a [ERR] aromatics-containing product         The feed compounds to a
dehydrocyclodimeriza- stream removed via line 48. The second fractionat-
65  tion process are light aliphatic hydrocarbons hav- 3    
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carbon atoms per molecule. The feed  the activity and/or selectivity of the
catalyst. The stream may comprise a single compound or a mixture
preferred metallic component is gallium  as de- of two or more of these
compounds. The preferred     scribed  in  the  previously  cited  U.S.
Patent feed compounds are propane, propylene, the bu-       4,180,689. A
dehydrocyclodimerization  reaction tanes, and the butylenes, with saturates
being high-   5   zone is preferably operated at a temperature be- ly
preferred. The feed stream to the process may al-  tween 920 degrees and
1100 degrees Fahrenheit so contain some [ERR] and [ERR] hydrocarbons. It is
pre-   (487 degrees and 593 degrees Centigrade) and a ferred that the
concentration of Cs hydrocarbons     pressure under 100 psig (689 kPag).
Hydrogen-pro- in the feed stream to a dehydrocyclodimerization     ducing
reactions are normally favored by lower process is held to the minimum
practical level. The   10   pressures, and pressures under about 70 psig
(483 preferred products of the process are [ERR] aro-   kPag) at the outlet
of the reaction zone are highly matic hydrocarbons. However,
dehydrocyclodimeri-     preferred. Other conditions may be preferred for
zation processes are not 100%  selective and some    other reactions.
nonaromatic [ERR] hydrocarbons are produced          The drawing
illustrates the preferred embodiment even from saturate feeds. When
processing a feed   15   of the invention. Those skilled in the art will
recog- made up of propane and/or butanes, the very great    nize that this
process flow diagram has been simpli- majority of the [ERR] product
hydrocarbons will   fled by the elimination of many pieces of. process be
benzene, toluene, and the various xylene iso-    equipment including some
heat exchangers, process mers. A small amount of [ERR] aromatics is also
control systems, pumps, fractionation column over- produced. The presence
of olefins in the feed   20   head and reboiler systems, etc. which are not
nec- stream  results in increased production of Cs-plus   essary to an
understanding of the process. It may long chain hydrocarbons as products
with the pre-    also be readily discerned that the process flow pre-
ferred catalyst system. Sizable olefin concentra-    sented in the drawing
may be modified in many as- tons in the feed may significantly decrease the
pro-  peacts without departing from the basic overall con- duction of
aromatics.                           25   cept of the invention. For
example, the heat ex- The subject invention is directed to the recovery
changers shown in the drawing have been held to a of the product
hydrocarbons from  the effluent       minimum for purposes of simplicity.
Those skilled in stream of a reaction zone. Therefore, the configu-   the
art will recognize that the choice of heat ex- ration of the reaction zone
and the composition of   change methods employed to obtain the necessary
the catalyst employed within the reaction zone are   30   heating and
cooling at various points within the not basic elements of the invention or
limiting char-  process is subject to a large amount of variation as
acteristics of the invention. Nevertheless, in order  to how it is
performed. In a process as complex as to provide a background to the
subject invention, it  this, there exists many possibilities for indirect
heat is felt useful to describe the preferred reactor sys-  exchange
between different process streams. De- tem for use in the reforming and
dehydrocyclodimer-  35   pending on the specific location and circumstance
ization embodiments of the invention. This system    of the installation of
the subject process, it may also comprises a moving bed radial flow
multi-stage reac-  be desired to employ heat exchange against steam, tor
such as is described in U.S. Patents 3,652,231;  hot oil, or process
streams from other processing 3,692,496;   3,706,536; . 3,785,963;
3,825,116;     units not shown on the drawing. 3,839,196; 3,839,197;
3,854,887;   3,856,662;   40  Referring now to the drawing, a stream of
rela- 3,918,930;  3,981,824; 4,094,814; 4,110,081; and     tively high
purity propane enters the process 4,403,909. These patents also describe
catalyst re-  through line I and is admixed with the overhead va-
generation systems and various aspects of moving     por of the second
fractionating column 7 which is catalyst bed operations and equipment. This
reactor  carried by line 2. This admixture flows through line 3 system has
been widely employed commercially for   45  into the overhead receiver 4.
The cooling provided the reforming of naphtha fractions. Its use has also
by the feed stream and by a cooling means (not been described for the
dehydrogenation of light     shown) results in the condensation of
essentially all paraffins. .                                         of the
propane entering the overhead receiver. The The preferred moving bed
reactor system em-        liquefied propane is returned to the second frac-
ploys a spherical catalyst having a diameter be-   50  tionating column
through line 6. Water present in the tween about 1/64 and 1/8 inch (0.4 to
3.2 mm). The    feed stream and overhead vapor stream  is also catalyst
preferably comprises a support material     condensed and is separated from
the less dense liq- and a metallic component deposited on the support
uid propane by decantation and withdrawn through material as through
impregnation or coprecipitation.  line 5. The thus dried feed propane
emerges as a liq- The previously cited references point out that the   55
uid from the bottom of the second fractionating col- current trend is the
use of a zeolitic support mater-  umn 7 through line 9. A first portion of
the propane al, with the catalyst referred to in the art as a ZSM-  passes
through line 10 and the reboiler 46 wherein it 5 type zeolite being often
specified as a preferred  is at least partially vaporized. The resultant
vapors material. EP-A-107877 may be consulted for infor-    are passed into
a lower portion of the second frac- mation on zeolite-containing dehydro
cyclodimeriza-   60  tionating column 7 through line 8. tion catalysts.
When properly formulated, it ap-       The remaining net bottoms stream is
the feed to pears this zeolitic material by itself has significant  the
process and flows through line 11 before being di- activity for the
dehydrocyclodimerization reaction.  vided into a first portion carried by
line 12 and a sec- However, it is still preferred to employ a metallic  ond
portion carried by line 16. The portion of the component within the
catalyst system to increase   65  feed propane flowing through line 12 is
flashed to a    7                   EP 0 224 383B1                   8 



lower pressure as it passes through flow control     serve as the heating
media for reboiler means 46. valve 13. This procedure generates relatively
low    The thus cooled vapor phase material or partially temperature vapor
and liquid which is passed into    condensed material returns through line
28' and the upper portion of the first fractionation column  flows into
line 30. Additional Indirect heat exchang- 14. The cool liquid performs the
necessary refluxing   5   ers may be located in line 30 to effect further
cool- function at the top of this fractional distillation col-  ing of the
materials flowing therethrough. The re- umn. The cool vapor leaves through
the top of col-   sultant partially condensed mixture then flows into umn.
The overhead vapor stream removed from col-     an intermediate pressure
separation zone 31. The umn 14 in line 15 will basically comprise propane
but  liquid phase material such as condensed propane will also contain any
butane, hydrogen, ethane or   10   and/or butane and [ERR] hydrocarbons are
removed methane which is dissolved in the liquid phase hy-  from the
intermediate pressure separator as anoth- drocarbon streams charged to the
column through      er process stream carried by line 33. It is also line
47.                                             charged to the
fractionation column 14 via lines 34 The relatively cool overhead vapor
stream of line  and 47. The liquid phase streams removed from the 15 is
admixed with the second portion of the feed   15  low pressure separation
zone and the intermediate stream which is also flashed through a valve to
pro-  pressure separation zones will have dissolved in duce relatively low
temperature vapor and liquid, if  them an equilibrium amount of more
volatile hydro- the entire feed stream does not flow through line 12,
carbons such as ethane and methane and hydrogen. and is then passed into
line 17. The hydrocarbons      The vapor phase material separated in the
inter- flowing through line 17 are admixed with an ethane   20   mediate
pressure separator is withdrawn as a va- rich stream  from  line 44 and are
then passed       por phase process stream through line 32 and pres-
through line 18. The material flowing through line 18 is  surized in the
compressor 35. The thus pressurized quite cool and is employed as a coolant
in the indi-  material flows through line 32 to the indirect heat ex- rect
heat exchange means 19. In this heat exchange   change means 19 wherein it
is cooled. An additional means, the material flowing through line 18 is
heated   25  indirect heat exchange means not shown would nor- to a
temperature closer to the desired inlet tempera-  mally be employed in this
line to effect further cool- ture of the downstream catalytic reaction zone
21.  ing and a partial condensation of the material flow- Simultaneously,
the material flowing through line 32  ing through line 32 upstream of
exchanger 19. The is cooled thereby aiding the partial condensation of
material flowing through line 32 is thereby partially this material and its
separation into vapor and liquid  30   condensed prior to the passage into
the high pres- portions in the high pressure separator 36. The hy-  sure
separator 36. The separation of the incoming drocarbons flowing through
line 18 are further heat-  fluids results in the production of the
additional liq- ed in the feed-effluent heat exchange means 20 and   uid
phase process stream comprising condensed possibly by other heat exchange
means not shown.     propane and/or butane and dissolved light hydro- The
resultant heated material, together with any re-   35   carbons carried by
line 38 and a vapor phase cycle hydrogen if so desired, is then passed
stream having a relatively low concentration of Ce+ through a catalytic
reaction zone 21 such as the pre-  hydrocarbons but containing substantial
amounts of ferred dehydrocyclodimerization zone wherein the     hydrogen
and lighter hydrocarbons. propane and other light hydrocarbons are at least
The vapor phase process stream of line 37 is partially converted to [ERR]
product hydrocarbons.  40   passed into a "cold box" 39 wherein by
cryogenic In the dehydrocyclodimerization  and  reforming      separation
high purity streams of the various corn- processes, this will also result
in the simultaneous  ponents of. the process stream of line 37 are pro-
production of hydrogen.                              duced. This results in
the production of a highly con- The effluent stream of the catalytic
reaction zone  centrated methane stream removed in line 40, a hy- 21 will
therefore preferably comprise an admixture   45   drogen  rich vapor stream
removed from  the of residual components of the feed stream such as
process in line 41, a vapor phase stream comprising propane and/or butane,
hydrogen, -Cs+ aromatics      predominantly ethane withdrawn in line 44 and
a liq- such as benzene, toluene, and xylene, by-product     uid phase
stream of mainly propane and/or butane or recycled ethane and by-product
methane. The re-   withdrawn through line 43. A controlled portion of
action zone effluent stream is first cooled in the   50  the ethane can be
withdrawn through line 42. The liq- heat exchanger 20 and then in the
supplemental indi-  uid phase stream of line 43 is combined with the rect
heat exchange means 23. This results in a par-   process stream of line 38
and passed through lines tial condensation of the- materials flowing
through  45 and 47 into the first fractionation column 14. The line 22 such
that they may be separated into a vapor  first product fractionation column
14 is operated in a phase and a liquid phase in the low pressure separa-
55   manner to separate the entering hydrocarbon tor 24. The liquid phase
removed from separator 24   streams into a [ERR] net bottoms stream
withdrawn is transferred as a process stream through lines 27  from the
process in line 48 and the overhead vapor and 34 to the product
fractionation column 14.      stream of line 15. The vapor phase material
collected in the low        The subject invention reduces the utilities
costs pressure separation zone is removed through line   60   of operating
the process to which it is applied. It 25 and pressurized in the compressor
26. The pres-   may also reduce the capital cost of the required surization
of this vapor phase material increases    plant. The subject invention
eliminates the require- Its temperature. A portion or all of the material
flow-  ment for providing and operating an overhead con- ing through line
25 may therefore be diverted       denser for the product fractionation
column. The re- through the operation of valve 29 through line 28 to   65
duced temperature of the feed stream allows the re-    EP 0 224 383 B1
10 maining vapors being charged to the high pressure    phase fourth
process stream, whi ch comprises hy- 



separator to be cooled to a greater extent by indi-  drogen, methane,
ethane, [ERR] and/or [ERR] hydrocar- rect heat exchange. More condensation
of this        bons and [ERR] aromatic hydrocarbons, and a liq- stream can
thereby be performed using the same       uid-phase fifth process stream
comprising  [ERR] amount of external cooling. This can be used to re-   5
and/or [ERR] hydrocarbons and [ERR] aromatic hy- duce the gas flow to and
required capacity of the    drocarbons; passing the third and the fifth
process cold box. Alternatively, the amount of external cool-  streams into
the first fractionation column; passing ing can be reduced while keeping
condensation and    at least a portion of the fourth process stream overall
cooling constant. Finally, the use of inter-  through an indirect heat
exchange means as said stage compression heat to reboil a fractionator re-
10  first process stream, partially condensing the first duces or
eliminates the fuel costs previously re-    process stream, and producing a
vapor-phase sixth quired to perform this necessary heating.
process stream, comprising [ERR] and/or [ERR] hydrocar- As previously
mentioned, the invention may be      bons, hydrogen, methane, and ethane,
and a liquid applied to the production and recovery of hydrogen   phase
seventh process stream, which comprises and [ERR] hydrocarbons from a
variety of processes   15   [ERR] and/or [ERR] hydrocarbons and [ERR]
hydrocar- including those which produce mainly aromatic prod-  bons;
separating the vapor-phase sixth process ucts such as reforming and
dehydrocyclodimeriza-     streams by a series of steps comprising partial
con- tion. Some such processes are described in the pre-  densation and
vapor-liquid separation into a vapor- viously cited references. In some
instances, the     phase eighth process stream, comprising ethane, a
composition of the reactor effluent is very depend-   20   hydrogen-rich
ninth process stream and a liquid- ent upon the feed composition. For
instance, the     phase tenth process stream comprising [ERR] and/or
processing of a highly olefinic feed stream with pre-  [ERR] hydrocarbons;
passing at least a portion of the ferred reaction conditions and gallium
containing    seventh and tenth process streams into the first catalyst
system may result in a product slate of    fractionation column; and
recycling at least a por- over 50 mole percent aliphatics instead of the
aro-   25  tion of the eighth process stream to the reaction matics usually
associated with dehydrocyclodimeri-   zone as the previously referred to
recycle stream. zation. The recovered  [ERR] hydrocarbons may
Hydrogen may be added to the ethane-rich stream therefore include hexanes,
heptanes, octanes, non-  to recycle hydrogen to the reaction zone or a por-
anes and other paraffinic compounds containing       ton of the
hydrogen-rich stream itself may be recy- from six to twelve carbon atoms
per molecule. The   30   cled. same process flow may still be employed.
It is believed that those skilled in the art of petro- The preferred
embodiment of the invention is a     leum and petrochemical process design
may deter- dehydrocyclodimerization process which comprises     mine proper
operating conditions, vessel designs, the steps of passing at least a
portion of a feed    and operating procedures for the subject process
stream, which comprises [ERR] and/or [ERR] feed hydro-   35  through the
use of standard process design tech- carbons, into an upper portion of a
first fractiona-  niques after having now been appraised of the tion column
operated under conditions such that the  overall flow of the process. These
design tech- entering feed stream hydrocarbons function as re-    niques
should include a recognition that it is undesir- flux liquid to the
fractionation column and that hydro-  able to pass compounds which may tend
to freeze or carbons charged to the first fractionation column   40
otherwise solidify into the low temperature portion are separated therein
into a net overhead vapor      of the process. For this reason, a drying
zone may stream comprising [ERR] and/or [ERR] hydrocarbons and      be
provided. The function of this drying zone would a net bottoms stream
comprising Ce-plus hydrocar-    be to prevent the passage of water into the
low tem- bons which is withdrawn from the process as a prod-  perature
equipment. The drying zone is basically re- uct; heating the overhead vapor
stream and a here-   45   quired to remove the small amount of water which
Inafter characterized recycle stream in a heat ex-   may be dissolved
within a feed stream to the proc- . change means by indirect heat exchange
against a    ess and/or any water which may be present on re- hereinafter
characterized  first process stream,     generated catalyst passed into the
process. The and then passing the overhead vapor stream and       drying
zone is  preferably a swing bed desiccant- the recycle stream Into a
catalytic reaction zone   50  type system. It is preferred to use two beds
of a maintained, at.. conversion conditions and wherein  suitable absorbent
alumina, with facilities being pro- [ERR] hydrocarbons and hydrogen are
produced,     vided to regenerate one of these beds while the oth- and
producing a reaction zone effluent stream com-  er bed is on-stream.
prising methane, ethane, [ERR] and/or [ERR] hydrocar-        The
vapor-liquid separation zones employed with- bons,. hydrogen and [ERR]
aromatic hydrocar-  55  in the process preferably comprise a suitably sized
bons; separating the reaction zone effluent stream   vertically oriented
vessel having a demisting pad or by a series of steps comprising cooling,
partial con-  other liquid entrainment removal means provided at densation
and vapor-liquid separation into a vapor-  the upper end. The fractionation
zones employed in phase second process stream comprising [ERR]       the
process preferably contain a single trayed frac- aromatic hydrocarbons,
hydrogen, methane, ethane   60  tionation column having sieve-type trays
and being and C3 and/or C4 hydrocarbons and a liquid-phase     of
relatively standard design. For instance, a prop- third process stream
which comprises [ERR] aro-    erly designed column having 30 trays will
function matic hydrocarbons and [ERR] and/or [ERR] hydrocar-        as the
second fractionating column, and the first bons; compressing, cooling and
partially condens-   fractionating column may also contain 30 trays. Mul-
ing the second process stream and forming a vapor   65  ticolumn
fractionation zones may of course be em- 6    11                 EP 0 224
383 B1                   12 ployed if so desired. Suitable fractionation
zones   the last reaction stage at a pressure of about 83 



may be readily designed by those skilled in the art.  kPag (12 psig). It
has a flow rate of approximately The operating conditions required in the
fractiona-  5,938 moles per hour and is cooled to about 56 de- tion zones
is dependent upon the compounds being     grees Centigrade (132 degrees
Fahrenheit) in the separated and the desired separation.           5
combined  feed-effluent heat exchanger. This The following example is
presented to more fully  stream is then further cooled to about 38 degrees
characterize and describe the subject invention.     Centigrade (100
degrees Fahrenheit) by another The example is based on the preferred
process flow   heat exchange device and passed into the low pres- as shown
in the drawing. The example is based upon   sure separator. The cooling of
this stream causes detailed engineering studies of a proposed commer-  10
the condensation of a sizeable amount of [ERR] hy- cial unit using the best
data available to predict the  drocarbons allowing the removal of a liquid
stream operation of the unit The charge stream is a 10,000  having a flow
rate of about 199 moles per hour. The barrel per day (BPD) stream of pure
propane, which   remaining vapors are withdrawn at a pressure of is
equivalent to 1680 moles per hour. This stream is  27.6 kPag (4 psig) and
passed into the first com- passed into the overhead receiver of the 30 tray
15   pression stage. This vapor stream is compressed to second
fractionating column. The combined reflux     approximately 758 kPag (110
psig) and, after allowing liquid and charge is passed into the top of the
col-  spillback, there is produced a vapor stream having umn at a
temperature of 38 degrees Centigrade (100   a flow rate of about 5738 moles
per hour and a tem- degrees Fahrenheit), with the column being operat-
perature of about 180 degrees Centigrade (356 de- ed at a top pressure of
1248 kPag (181 psig) and a re-   20   grees Fahrenheit). A portion of this
compressed flux ratio of 2.0. The column is reboiled by heat pro-  gas
stream is used to reboil the second fractionat- vided by the compression of
uncondensed reactor      ing column. After being cooled in this manner the
effluent vapors in the first stage of compression.   compressed gas is
combined with second stage spill- The second fractionating column is
operated at a     back gas, to produce a gas having a temperature of
bottoms temperature of 40 degrees Centigrade (104   25   about 108 degrees
Centigrade (227 degrees Fahren- degrees Fahrenheit) at a pressure of 1282
kPag (186  heit) and a pressure of near 724 kPag (105 psig). psig). The net
bottoms stream has a flow rate of 1680  The gas is cooled to 38 degrees
Centigrade (100 de- moles per hour and becomes the feed stream to the
grees Fahrenheit) in coolers and is then passed into rest of the process.
an intermediate stage separation zone. An addition- A portion of the second
fractionating column net  30   al 233 moles per hour of liquid hydrocarbons
are bottoms stream having a flow rate of about 640       withdrawn for
passage to the depropanizer column. moles per hour is flashed to provide
cool liquid and  The net vapor from this vapor-liquid separation is vapor
charged to the top of a first fractionating col-  compressed to about 3827
kPag (555 psig). The umn (hereinafter called the depropanizer column) to
compressed vapor is then cooled by indirect heat provide the necessary
cooling at the top of the col-  35   exchange against the combined feed
stream and an umn. The depropanizer overhead vapor stream has
additional cooler not shown in the drawing. This a flow rate of
approximately 1262 moles per hour, a  causes the partial condensation of
the vapor to pro- temperature of 18 degrees Centigrade (65 degrees     duce
the mixed-phase stream which enters the high Fahrenheit) and a pressure of
690 kPag (100 psig).   pressure separator at a temperature of about 5 de-
The depropanizer overhead vapor contains about   40   grees Centigrade (40
degrees Fahrenheit). A va- 1.0 moles per hour of hydrogen, with the rest
being  por stream  having a flow rate of approximately hydrocarbons. The
depropanizer overhead vapor        5,404 moles per hour Is withdrawn from
the high stream is combined with the other portion of the     pressure
separator and passed into the cold box. A feed stream and with an ethane
rich stream from the.  liquid stream of about 101 moles per hour is also
with- cold box having a flow rate of about 1456 moles per   45   drawn from
the high pressure separator and is hour, of which about 20 moles per hour
is hydrogen.  passed into the depropanizer column. The material The
admixture of these three streams forms a mixed-  fed to the cold box is
separated into a hydrogen phase stream having a temperature of about -9 de-
product stream having a flow rate of about 2100 grees Centigrade (15
degrees Fahrenheit). This       moles per hour, a methane product stream of
ap- combined stream is used to cool the compressed   50   proximately 641
moles per hour, an ethane stream of gas emanating from the second stage of
compres-      about 1855 moles per hour and a propane rich sion. It is then
passed through a feed-effluent heat  stream of about 608 moles per hour.
The propane exchanger wherein it is heated to 463 degrees Cen-   rich
stream is passed into the depropanizer, and the tigrade (866 degrees
Fahrenheit). The combined      ethane is split between the ethane recycle
stream feed stream is then heated to about 579 degrees   55   and a net
product stream. Centigrade (1075 degrees Fahrenheit) and passed        The
total feed to the depropanizer column is into the first stage of a four
reaction stage reaction  about 1141 moles per hour. The various streams fed
zone having interstage heaters between each reac-   to the column,
excluding of course the propane used tion stage. The interstage heaters are
required due  as reflux, are heated to 99 degrees Centigrade (210 to the
endothermic nature of the dehydrocy-   60   degrees Fahrenheit) prior to
being passed into the clodimerization reaction. The reactants are contact-
column. The net bottoms stream of the column has ed with
dehydrocyclodimerization catalyst in each    an average molecular weight of
92.1, a flow rate of reaction stage to effect the production of [ERR] aro-
about 511 moles per hour and a temperature near 193 matic hydrocarbons and
hydrogen.                     degrees Centigrade (379 degrees Fahrenheit).
This Tbe reaction zone effluent stream emerges from   65   net bottoms
stream will contain the C4-plus hydro- 7    13                 EP 0 224 383
B1                   14 carbons produced in the process such as pentane
erating pressure of the fractionation column, the 



in addition to Cs-plus aromatics and a small amount  heat available in the
compressed gas could possibly of [ERR] acyclic compounds. The major compo-
also be employed in a column drying other hydrocar- nents of the net
bottoms stream will be benzene, tol-  bons or performing a separation of
two or more hy- uene, and xylenes.                      --    5
drocarbons such as the separation of ethane or The term  "cold box" is used
extensively in the    propane from a heavier hydrocarbon such as bu-
process design arts to indicate a collection of equip-  tane. The heat
available in the compressed gas ment for recovering less volatile (more
condensa-    could also be employed for stripping other impurities ble)
compounds from a mixture containing a sizeable  such as oxygen or
oxygenated hydrocarbons from a amount of a highly volatile gas such as
methane or   10   hydrocarbon mixture as part of a feed preparation
hydrogen. Cold boxes are available commercially     step. It may also be
possible to employ the heat from a number of suppliers, and the design and
present in the compressed gas to aid in the opera- equipment would normally
vary between the compet-   tion of the first fractionation column. ing
suppliers. A typical cold box will expose the en- tering compounds to a
relatively low temperature to   15 effect an added condensation of the
entering, less  Claims volatile compounds and thereby produce a first
stream comprised mainly of hydrogen and a second       1. A
hydrogen-producing process for the conver- stream comprised mainly of
ethane and propane and   sion of light aliphatic hydrocarbons Into [ERR]
hy- heavier hydrocarbons. The cold temperature re-  20   drocarbons which
comprises the steps of: quired for this may be provided through absorptive
(a) passing a feed stream (18) into a catalytic re- refrigeration or by the
expansion or flashing of flu-  action zone (21) maintained at conversion
condi- ids circulating or employed within the cold box itself.  tions
selected to provide a reaction zone effluent The cold box would therefore
normally contain at       stream (22) comprising ethane, hydrogen and [ERR]
least one indirect heat exchanger, and one or more   25  plus hydrocarbons;
vapor-liquid separation vessels. The separation of     (b) separating the
reaction zone effluent stream hydrogen and methane will basically be
performed       by a series of steps (20, 23, 24) comprising cool- by
exposing a gas containing principally hydrogen      ing, partial
condensation and vapor-liquid sepa- and methane to a temperature
sufficiently low to       ration into a vapor-phase first process stream
condense the' methane. As stated above, the   30       (25) comprising
hydrogen and ethane and a liquid- ethane and propane entering the cold box
will also     phase second process stream (27, 34) compris- be concentrated
into a stream comprised principally   ing [ERR] hydrocarbons; and of these
two compounds. They may then be separat-     (c) passing the second process
stream (34) into a ed by fractional distillation in a deethanizer column.
first fractional distillation zone (14) and recover- The compression train
shown in the drawing is the   35    ing Cs-plus hydrocarbons (48);
preferred configuration. However, it will be recog-    characterized by the
steps, of nized that the benefits provided by cooling the ef-   (d) heating
the vapor-phase first process stream fluent of a compressor handling a
process stream in   (25) by compression (26, 35); this manner will also be
desirable if the compression  (e) cooling at least a portion of the heated
first train only comprises a single compressor or if it  40  process stream
(28, 32) by indirect heat ex- comprises three or more compressors in
series.         change (46, 19), with the heated first process Therefore,
the heat present in the newly com-          stream (28) being employed as a
heating medium pressed uncondensed portion of the reaction zone       used
to reboil a second fractional distillation zone effluent stream may be
extracted for use in reboil-   (7), and partially condensing the cooled
first ing a fractionation zone at the point shown in the   45  process
stream; and drawing or at an alternative point such as down-     (f)
separating (36) the thus partially condensed stream of the compressor 35.
Another altemative       first process stream  into a liquid-phase third
equipment arrangement would comprise the utiliza-     process stream  (38)
and a vapor-phase fourth tion of the heat of compression of the effluents
of    process stream (37) having a higher concentra- two different
compressors. This heat could be em-   50    tion of hydrogen than the first
process stream. ployed to reboil the same fractionation column, to re-  2.
A process as claimed in claim 1, characterized boil different fractionation
columns or  to supply    in that hydrogen present  in the -fourth   process
heat at different elevations within a single fraction-  stream (37) is
recycled to the reaction zone (21). ation column.
3. A process as claimed in claim 1, characterized The fractionation
column(s) reboiled through the   55  in that hydrogen present in the fourth
process use of the high temperature gas stream produced     stream (37) is
discharged from the process as a during compression is preferably a feed
drying col-  product stream (41). umn as shown in the drawing. The heat
available in    4. A process as claimed in any of claims 1 to 3, this gas
stream may be employed in reboiling frac-  characterized in that the third
process stream (38) tionation columns operated for other purposes. For   60
is passed into the first fractional distillation zone instance, the
fractionation column could be located  (14). In a different process unit
and would perhaps dry or  5. A process as claimed in any of claims 1 to 4,
in other ways prepare a feed stream for introduc-   characterized in that
the feed stream (18), the sec- tion into this other process unit. Depending
upon   ond process stream  (34) and the third process the temperature of
the compressed gas and the op-   65   stream (38) comprise [ERR] and/or
[ERR] hydrocarbons.    13                 EP 0 224 383 B1
14 carbons produced in the process such as pentane      erating pressure of
the fractionation column, the in addition to Co-plus aromatics and a small
amount  heat available in the compressed gas could possibly 



of [ERR] acyclic compounds. The major compo-       also be employed in a
column drying other hydrocar- nents of the net bottoms stream will be
benzene, tol-  bons or performing a separation of two or more hy- uene, and
xylenes.                              5   drocarbons such as the separation
of ethane or The term  "cold box" is used extensively in the     propane
from a heavier hydrocarbon such as bu- process design arts to indicate a
collection of equip-  tane. The heat available in the compressed gas ment
for recovering less volatile (more condensa-    could also be employed for
stripping other impurities ble) compounds from a mixture containing a
sizeable  such as oxygen or oxygenated hydrocarbons from a amount of a
highly volatile gas such as methane or   10   hydrocarbon mixture as part
of a leed preparation hydrogen. Cold boxes are available commercially
step. It may also be possible to employ the heat from a number of
suppliers, and the design and       present in the compressed gas to aid in
the opera- equipment would normally vary between the compet-   tion of the
first fractionation column. ing suppliers. A typical cold box will expose
the en- tering compounds to a relatively low temperature to   15 effect an
added condensation of the entering, less   Claims volatile compounds and
thereby produce a first stream comprised mainly of hydrogen and a second
1. A hydrogen-producing process for the conver- stream comprised mainly of
ethane and propane and    sion of light aliphatic hydrocarbons into [ERR]
hy- heavier hydrocarbons. The cold temperature re-   20   drocarbons which
comprises the steps of: quired for this may be provided through absorptive
(a) passing a feed stream (18) into a catalytic re- refrigeration or by the
expansion or flashing of flu-  action zone (21) maintained at conversion
condi- ids circulating or employed within the cold box itself.  tions
selected to provide a reaction zone effluent The cold box would therefore
normally contain at       stream (22) comprising ethane, hydrogen and [ERR]
least one indirect heat exchanger, and one or more   25  plus hydrocarbons;
vapor-liquid separation vessels. The separation of     (b) separating the
reaction zone effluent stream hydrogen and methane will basically be
performed       by a series of steps (20, 23, 24) comprising cool- by
exposing a gas containing principally hydrogen      ing, partial
condensation and vapor-liquid sepa- and methane to a temperature
sufficiently low to       ration into a vapor-phase first process stream
condense the' methane. As stated above, the   30       (25) comprising
hydrogen and ethane and a liquid- ethane and propane entering the cold box
will also     phase second process stream (27, 34) compris- be concentrated
into a stream comprised principally     ing [ERR] hydrocarbons; and
of.these two compounds. They may then be separat-     (c) passing the
second process stream (34) into a ed by fractional distillation in a
deethanizer column.  first fractional distillation zone (14) and recover-
The compression train shown in the drawing is the   35    ing [ERR]
hydrocarbons (48); preferred 'configuration. However, it will be recog-
characterized by the stepsof nized that the benefits provided by cooling
the ef-   (d) heating the vapor-phase first process stream fluent of a
compressor handling a process stream in   (25) by compression (26, 35);
this manner will also be desirable if the compression  (e) cooling at least
a portion of the heated first train only comprises a single compressor or
if it  40  process stream  (28, 32) by indirect heat ex- comprises three or
more compressors in series.         change (46, 19), with the heated first
process Therefore, the heat present in the newly com-          stream (28)
being employed as a heating medium pressed uncondensed portion of the
reaction zone       used to reboil a second fractional distillation zone.
effluent stream may be extracted for use in reboil-   (7), and partially
condensing the cooled first ing a fractionation zone at the point shown in
the   45  process stream; and drawing or at an alternative point such as-
down-      (f) separating (36) the thus partially condensed stream of the'
compressor 35. Another alternative      first process stream  into a
liquid-phase third equipment arrangement would comprise the utiliza-
process stream (38) and a vapor-phase fourth tion of the heat of
compression of the effluents of    process stream (37) having a higher
concentra- two different compressors. This heat could be em-   50  tion of
hydrogen than the first process stream. ployed to reboil the same
fractionation column, to re-  2. A process as claimed in claim 1,
characterized boil different fractionation columns or to supply   in that
hydrogen present in the - fourth process heat at different elevations
within a single fraction-  stream (37) is recycled to the reaction zone
(21). ation column.                                          3. A process
as claimed in claim 1, characterized The fractionation column(s) reboiled
through the   55  in that hydrogen present in the fourth process use of the
high temperature gas stream produced     stream (37) is. discharged from
the process as a during compression is preferably a feed drying col-
product stream (41). umn as shown in the drawing. The heat available in
4. A process as claimed in any of claims 1 to 3, this gas stream may be
employed in reboiling frac-   characterized in that the third process
stream (38) tionation columns operated for other purposes. For   60  is
passed into the first fractional distillation zone instance, the
fractionation column could be located  (14). in a different process unit
and would perhaps dry or   S. A process as claimed in any of claims 1 to 4,
in other ways prepare a feed stream for introduc-   characterized in that
the feed stream (18), the sec- tion into this other process unit Depending
upon     ond process stream  (34) and the third process the temperature of
the compressed gas and the op-   65   stream (38) comprise [ERR] and/or
[ERR] hydrocarbons.    15                 EP 0 224 383 B1
16 6. A process as claimed in any of claims 1 to 5,    cess stream (44) as
the previously referred to characterized in that [ERR] hydrocarbons and
hydro-       ethane recycle stream (44, 18). gen are produced in the
reaction zone (21) by the de-  8. A process as claimed in claim 7,
characterized 



hydrocyclodimerization of feed hydrocarbons.        in that the feed stream
(1, 3, 6) is, prior to passage 7. A hydrogen-producing process for the con-
5   into the first fractionation zone (14), passed into a version of light
aliphatic hydrocarbons into Cs-plus  second fractionation zone (7)
comprising a single hydrocarbons which comprises the steps of:
fractionation column and is dried by reboiling (46) at (a) passing at least
a portion of a feed stream (1,  least in part by indirect heat exchange
against at 3, 6, 9, 11, 12), which comprises [ERR] and/or [ERR] feed  least
a portion of the vapor-phase second process hydrocarbons, into an upper
portion of a first  10   stream (28) after the second process stream has
fractionation zone (14) operated under conditions  been heated by
compression (26). such that the entering feed stream hydrocarbons     9. A
process as claimed in claim 7 or 8, character- (12) function as reflux
liquid to the first fractiona-  ized in that a methane-rich vapor-phase
stream tion zone (14) and separating therein the feed    (40) is produced
during separation of the fourth stream  and a hereinafter characterized
third   15   process stream (37) in step (f) and withdrawn from process
stream (47) into a net overhead vapor     the process. stream (15)
comprising [ERR] and [ERR] hydrocarbons and a net bottom stream (48)
comprising [ERR] hydrocarbons which is withdrawn from the proc-
Patentansprflche ess as a product;                            20 (b)
heating the overhead vapor stream (15, 17, 18)   1. Wasserstofferzeugendes
Verfahren zur Um- and a hereinafter characterized ethane recycle
wandlung leichter aliphatischer Kohlenwasserstof- stream (44, 18) by
indirect heat exchange (19)    fe in Ce-plus-Kohlenwasserstoffe mit den
Stufen, against a hereinafter characterized first proc-   bei denen man ess
stream (32), and then passing the overhead   25  (a) einen
Beschickungsstrom (18) in eine kata- vapor stream and the recycle stream
into a cata-     lytische Reaktionszone (21) fMhrt, die auf derart lytic
reaction zone (21) maintained at dehydrocy-    ausgewahlten
Umwandlungsbedingungen gehal- clodimerization conditions selected to
produce a     ten wird, daB man einen Reaktionszonenauslauf- reaction zone
effluent stream  (22) comprising       strom (22) bekommt, der Ethan,
Wasserstoff und ethane, [ERR] and/or [ERR] hydrocarbons, hydrogen   30
Cs-plus-Kohlenwasserstoffe umfaBt, and [ERR] hydrocarbons;
(b) den Reaktionszonenauslaufstrom durch eine (c) separating the reaction
zone effluent stream     Stufenreihe (29, 23, 24) trennt, die KOhlen, Teil-
(22) by a series of steps (20, 23, 24) comprising   kondensation und
Dampf-FlOssigkeitstrennung in cooling, partial condensation and
vapor-liquid       einen ersten Verfahrensstrom (25) in Dampfpha-
separation into a vapor-phase second process   35    se, der Wasserstoff
und Ethan umfalt, und ei- stream (25) comprising hydrogen, ethane and [ERR]
nen zweiten Verfahrensstrom .(27, 34) in flOssi- and/or [ERR] hydrocarbons
and a liquid-phase third      ger Phase, der Cs-plus-Kohlenwasserstoffe um-
process stream (27, 34, 47) which comprises [ERR]     falt, und plus
hydrocarbons and [ERR] and/or [ERR] hydrocar-        (c) den zweiten
Verfahrensstrom (34) in eine er- bons;
40      ste  Fraktionierungsdestillationszone  (14) ein- (d) passing the
third process stream (47) into the  fuhrt und Cs-plus-Kohlenwasserstoffe
(48) ge- first fractionation zone (14);                      winnt,
gekennzeichnet durch die Stufen, bei de- (e) heating the vapor-phase second
process          nen man stream by compression (26, 35) and passing at
d) den ersten Verfahrensstrom (25) in Dampfpha- least a portion of the
heated second process   45   se durch Kompression (26, 35) erhitzt, stream
(32) through an indirect heat exchange       e) wenigstens einen Teil des
erhitzten ersten Ver- means (19) as said first process stream, partially
fahrensstromes (28, 32) durch indirekten Warme- condensing the first
process stream, and sepa-      austausch (46, 19) kOht, wobei der erhitzte
erste rating it to produce a vapor-phase fourth proc-     Verfahrensstrom
(28) als ein Heizmedium ver- ess stream (37), comprising [ERR] and/or [ERR]
hydro-   50  wendet wird, urn eine zweite Fraktionierungsde- carbons,
hydrogen and ethane and a liquid-phase     stillationszone (7) zum Kochen
aufzuheizen, und fifth process stream (38) comprising [ERR] and/or
den gek~hiten ersten Verfahrensstrom teilweise [ERR] hydrocarbons;
kondensiert und             - (f) separating the vapor-phase fourth process
f) den so teilweise kondensierten ersten Verfah- streams by a series of
steps (39) comprising par-  55  rensstrom in einen dritten Verfahrensstrom
(38) tial condensation and vapor-liquid separation in-   in flOssiger Phase
und einen vierten Verfahrens- to a vapor-phase sixth process stream (44),
corn-    strom (37) in Dampfphase mit einer hoheren Was- prising ethane, a
hydrogen-rich seventh process     serstoffkonzentration als der erste
Verfahrens- stream  (41) and a liquid-phase eighth process       strom
trennt. stream (43) comprising [ERR] and/or [ERR] hydrocar-  60    2.
Verfahren nach Anspruch 1, dadurch gekenn- bons;
zeichnet, daB man den im vierten Veifahrensstrom (g) passing at least a
portion of the fifth process  (37) vorhandenen Wasserstoff zu der
Reaktions- stream (38) and the eighth process stream (43) in-  zone (21)
zuruck[Ohrt. to the first fractionation zone (14); and            3.
Verfahren nach Anspruch 1, dadurch gekenn- (h) recycling at least a portion
of the sixth pro-   65   zeichnet, daB man den im vierten Verfahrensstromi
9    17                 EP0224383B1                      18 (37)
vorhandenen Wasserstoff als einen Produkt-       tauscheinrichtung (19) als
diesen ersten Verfah- strom (41) aus dem Verfahren abf0hrt.
rensstrom  fMhrt, den ersten Verfahrensstrom 4. Verfahren nach elnem der
AnsprOche 1 bis 3,     tbilweise kondensiert und ihn trennt und so einen 



dadurch gekennzeichnet, daB man den dritten Ver-      vierten
Verfahrensstrom  (37) in Dampfphase, fahrensstrom  (38) in die erste
Fraktionierungsde-   5  der Ca- und/oder C4-Kohlenwasserstoffe, Was-
'stillationszone (14) fOhrt.                           serstoff und Ethan
umfaBt, und einen f0nften 5. Verfahren nach einem der AnsprOche 1 bis 4,
Verfahrensstrom (39) in flOssiger Phase, der C3- dadurch gekennzeichnet,
daB der Beschickungs-         undloder  C4-Kohlenwasserstoffe  umfaSt, er-
strom  (18), der zweite Verfahrensstrom  (34) und     zeugt, der dritte
Verfahrensstrom (38) Ca- und/oder C4-   10    fl die vierten
Verfahrensstr6me durch eine Rei- Kohlenwasserstoffe umfassen.
he von Stufen (39) mit Teilkondensation und 6. Verfahren nach einem der
AnsprOche 1 bis 5,      Dampf-FlOssigkeitstrennung in einen sechsten
dadurch gekennzeichnet, daB  Cs-Kohlenwasser-         Verfahrensstrom (44)
in Dampfphase, der Ethan stoffe und Wasserstoff in der Reaktionszone (21)
umfaBt, einen wasserstoffreichen siebten Ver- durch  die
Dehydrocyclodimerisierung  von  Be-   15    fahrensstrom (41) und einen
achten Verfahrens- schickungskohlenwasserstoffen erzeugt werden.
strom (43) in flOssiger Phase, der Ca- undloder 7. Wasserstofferzeugendes
Verfahren zur Um-         C4-Kohlenwasserstoffe umfaBt, trennt, wandlung
leichter aliphatischer Kohlenwasserstof-     g) wenigstens einen Teil des
f~nften Verfahrens- fe in Ce-plus-Kohlenwasserstoffe mit den Stufen,
stromes (38) und den achten Verfahrensstrom beidenen man
20     (43) in die erste Fraktionierzone (14) fMhrt und a) wenigstens eonen
Teil eines Beschickungsstro-    h) wenigstens einen Teil des sechsten
Verfah- mes (1, 3, 6, 9, 11, 12), der C3- und/oder C4-Be-   rensstromes
(44) als den oben genannten Ethan- schickungskohlenwasserstoffe umfaSt, in
einen       r~ckf~hrstrom (44, 18) zurOckf~hrt. oberen Abschnitt einer
ersten Fraktionierungs-      8. Verfahren nach Anspruch 7, dadurch gekenn-
zone (14) fMhrt, die unter solchen Bedingungen   25   zeichnet, daB man den
Beschickungsstrom (1, 3, 6) betrieben  wird, daB  die  eintretenden  Be-
vor der Einfuhrung in die erste Fraktionierzone (14)
schickungsstromkohlenwasserstoffe  (12)  als      in eine zweite
Fraktionierzone (7) fuhrt, die eine ein- R0ckfluBflessigkeit fOr die  erste
Fraktionie-   zelne Fraktionierkolonne umfalt, und ihn durch we- rungszone
(14) fungieren, und darin den Be-       nigstens teilweises Aufkochen (46)
durch indirek- schickungsstrom und einen nachfolgend gekenn-   30  ton
Warmeaustausch gegen wenigstens einen Teil zeichneten dritten
Verfahrensstrom (47) in einen  des zweiten. Verfahrensstromes (28) in
Dampfpha- Nettokopfdampfstrom (15), der C3- und C4-Koh-     se, nachdem
der zweite Verfahrensstrom  durch lenwasserstoffe  umfaBt, und einen
Nettobo-      Kompression (26) erhitzt wurde, trocknet. denstrom  (48), der
Ce-plus-Kohlenwasserstoffe      9. Verfahren nach Anspruch 7 oder 8,
dadurch umfaBt und aus- dem Verfahren als ein Produkt   35
gekennzeichnet, daB ein methanreicher Dampfpha- abgezogen wird, trennt,
senstrom (40) wahrend der Trennung des vierten b) den Kopfdampfstrom (15,
17, 18) und einen      Verfahrensstromes (37) in der Stufe (f) erzeugt
nachfolgend  gekennzeichneten  EthanrOckfOhr-     und aus dem Verfahren
abgezogen wird. strom (44, 18) durch indirekten Warmeaustausch (19) gegen
einen nachfolgend gekennzeichneten   40   Revendications ersten
Verfahrensstrom (32) erhitzt und dann den Kopfdampfstrom und den
ROckfuhrstrom in         1. Procede de production d'hydrogene pour la eine
katalytische Reaktionszone (21) fMhrt, die   conversion d'hydrocarbures
aliphatiques legers en auf so  ausgewahIten  Dehydrocyclodimerisie-
hydrocarbures en Cs et sup6rieurs qui comprend rungsbedingungen gehalten
wird, daB ein Reak-   45  les stades suivants: tionszonenauslaufstrom  (22)
gebildet wird, der     (a) passage d'un courant d'alimentation (18) a tra-
Ethan, C3- und/oder C4-Kohlenwasserstoffe,          vers une zone
catalytique reactionnelle (21) main- Wasserstoff  und
Co-plus-Kohlenwasserstoffe       tenue sous des conditions de conversion
choi- umfaBt,                                             sies pour
produire un courant effluent de la zone c) den Reaktionszonenauslaufstrom
(22) durch   So  r6actionnelle (22) renfermant ethane, hydrogene sine Relhe
von Stuten (20, 23, 24), die KOhlen,     et hydrocarbures en Ce et
sup6rieurs; Teilkondensation  und  Dampf-Flissigkeitstren-
a (b) separation du courant effluent de la zone: nung umfassen, in einen
zweiten Verfahrens-         r6actionnelle par une s6rie dop6rations (20,
23, strom (25) in Dampfphase, der Wasserstoff, Et-      24) consistant en
refroidissement, condensation - han und C3- und/oder C4-Kohlenwasserstoffe
B5      partlelle et separation vapeur-liquide en un pre- umfaBt, und einen
drilten Verfahrensstrom (27,      mier courant en phase vapeur (25)
comprenant 34, 47) in flOssiger Phase, der Ce-plus-Kohlen-     hydrogene et
6thane et un second courant en wasserstoffe und C3- undloder C4-Kohlenwas-
phase liquids (27, 34) comprenant des hydrocar- serstoffe umfaBt, trennt,
bures en Ce et superieurs; et d) den dritten Verfahrensstrom (47) in sine
erste   60    (c) passage du second courant (34) dans une Fraktionierzone
(14) f0hrt,                         premiere zone de distillation
fractionn6e (14) et e) den zweiten Vertahrensstrom in Dampfphase
recuperation des hydrocarbures en Cs (48); ca- durch Kompression (26, 35)
erhitzt und wenig-       ractirli" par lese tapes consistent A: stens einen
Teil des erhitzten zweiten Verfah-      (d) chauffer le premier courant de
traitement en- rensstromes (32) durch sine indirekte Warmeaus-   6s  phase
vapeur (25) par compressions (26, 35); 10    19               EP0224383B1
20 (e) refroldir au moins une partie du premier cou-  tionnelle (22) par
une sere de stades (20, 23, 24) rant chauffe (28, 32) par 6change de
chaleur indi-  consistant & refroidir, condenser partiellement et rect (46,
19), le premier courant chauff (28)      effectuer une separation vapeur -
liquide en un 



etant utilis6 comme moyen de chauffe pour repor-   second courant vapeur
(25) renfermant hydroge- ter a 6bullition une seconde zone de distillation
5  ne, ethane et hydrocarbures en C3 eVou C4 et un fractionnee (7), et
condenser partiellement le pre-  troisieme courant liquide (27, 34, 47)
renfermant mier courant refroidi; et                          des
hydrocarbures en Ce et superieurs et des (f) separer (36), le premier
courant ainsi partielle-  hydrocarbures en Ca etou 04; ment condense en un
troisibme courant en phase     (d) faire passer le troisieme courant (47)
dans la Dquide (38) et un quatribme courant en phase va-  10  premiere zone
de fractionnement (14); pour (37) ayant une concentration en hydrogene
(e) chauffer le second courant vapeur par com- superieure a cello du
premier courant.             pression (26, 35) et faire passer au moins une
2. Procede selon la revendication 1, caract6ris6   partie du second courant
chauffe (32) a travers en ce que l'hydrogene present dans le quatrieme
un dispositif d'echange de chaleur indirect (19) courant (37) est recycle
vers la zone r6actionnelle  15    comme ledit premier courant, condenser
partielle- (21).                                                ment le
premier courant et le separer pour produl- 3. Procede selon la
revendication 1, caracterise   re un quatribme courant vapeur (37)
comprenant en ce que l'hydrogene present dans le quatribme      des
hydrocarbures en C3 eVou C4, de l'hydroge- courant (37) est evacue comme
produit (41).          ne et de l'ethane, et un cinquibme courant liquide
4. Procede selon l'une quelconque des revendi-  20    (38) comprenant des
hydrocarbures en Ca eVou cations I 6. 3, caracterise en ce que l'on fait
passer  C4; le troisieme courant (38) a travers la premiere zone  (f)
separer le quatrieme courant en phase vapeur de distillation fractionnee
(14).                    par une serie de stades (39) comprenant une con-
5. Procede selon P'une quelconque des revendi-     densation partielle et
une separation vapeur-ti- cations I a 4, caracterise en ce que le courant
d'ali-  25  quide en un sixieme courant vapeur (44) form6 mentation (18),
le deuxieme courant (34) et le troisie-  d'6thane, un septieme courant
riche en hydroge- me courant (38) renferment des hydrocarbures en      ne
(41) et en huitieme courant liquide (43) renfer- C3 etlou on C4.
mant des hydrocarbures en Ca eVou C4; 6. Procede selon l'une quelconque des
revendi-     (g) faire passer au moins une partie du cinquibme cations I a
5, caracteris en ce quo les hydrocarbu-  30    courant (38) et du huitieme
courant (43) dans la res en Ce et l'hydrogene sont produits dans la zone
premiere zone de fractionnement (14); et reactionnelle (21) par
deshydrocyclodimerisation     (h) recycler au moins une partie du sixieme
cou- des hydrocarbures de depart.                         rant (44) comme
courant de recyclage d'ethane 7. Procede de production d'hydrogene pour la
precedemment mentionne (44,18). conversion des hydrocarbures aliphatiques
legers  35  8. Procede selon la revendication 7, caracterise en
hydrocarbures en Cs et superiours qui consiste  en ce que le courant
d'alimentation (1, 3, 6) passe, A:
avant son passage dans la premiere zone de frac- (a) faire passer au moins
une fraction d'un cou-  tionnement (14), dans une seconde zone de fraction-
rant d'alimentation (1, 3, 6, 9, 11, 12), renfermant  nement (7) comprenant
une seule colonne de frac- des hydrocarbures de depart en C3 etiou C4,  40
tionnement et est seche par re-ebullition (46) au dans la partie superieure
d'une premiere zone de  moins en partie par echange de chaleur indirect
fractionnement (14) operant sous des conditions  avec au moins une fraction
du second courant en telles que le courant d'hydrocarbures entrant (12)
phase vapeur (28) apres que le second courant ait fonctionne comme liquide
de reflux pour la premie-   . te chauffA par compression (26). re zone de
iractionnement (14) et y separer le  45  9. Procede selon l'un des
revendications 7 ou 8, courant d'alimentation et un troisieme courant ca-
caracterise en ce qu'un courant vapeur riche en racterisd ci-dessous (47)
en un courant de tete  methane (40) est produit lors de la separation du en
phase vapeur (15) comprenant des hydrocar-    quatribme courant (37) au
stade (f) et retire des bures en C3 et C4 et un courant de queues (45)
operations. comprenant des hydrocarbures en C6 et supe-  50 rieurs que l'on
evacue en tant que produit resul- tant du procede;
.                 -     : : . (b) chauffer le courant de vapeurs de tMte
(15, 17,  .    .          :    .    - -     18) et un courant de recyclage
de l'ethane carac- terise ci-dessous (44, 18) par Achange indirect  55 -
de chaleur (19) avec un premier courant caracte- ris6 ci-dessous (32), et
faire ensuite passer le courant de vapeurs de tete et le courant de recy-
clage dans une zone de reaction catalytique (21) maintenue a des conditions
de deshydrocyclodi-  60 merisation choisies pour produire un courant ef-
fluent de zone reactionnelle (22) formr d'ethane, d'hydrocarbures en C3
et/ou C4, d'hydrogene et d'hydrocarbures en C6 et superieurs; (c) separer
le courant effluent de la zone reac-  a5 11 ~ ~ ~ ~ ~ -..
..    -  .    


