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acetylene concentration in the exit stream. This may be a result of several
possible conditions, for This invention relates to automatic catalyst
example, sudden drop in feed temperature, regeneration and catalyst
selectivity estimation.  sudden breakthrough of acetylene in cracking In
many chemical, petrochemical and synthetic    5    furnaces, malfunctioning
of intermediate unit fuel manufacturing processes a raw material feed
operations or their associated components, mal stream is passed over a
catalyst in a reactor either  functioning/failure of instruments, etc. to
produce a desired product or to remove certain    .  3. Increase in
operating temperature of the impurities. The state of the catalyst is of
prime  reactor results in increasing energy consumption importance  to
these  operations  because   10  in the feed preheater, thus increasing
coolant use economic operation of a reactor, and con-        in the inter
catalyst bed cooler, and increases sequently the plant, is very much
affected by the  ethylene hydrogenation to ethane. catalyst state. Product
conversion, yield and oper-  Moreover, in the current state of the art in
sting temperature are dependent upon the selec-  industrial practice,
catalyst is regenerated either tivity of the catalyst.
15   after occurrence of a severely off-specification A  catalyst's
selectivity decays with time      product or it has been scheduled by
maintenance   ' because of a number of factors such as presence   personnel
on the reactor, on the basis of an of impurities and their concentration in
the feed  elapsed period  of operation or during 'plant stream, types of
byproducts from side reactions,  shutdown. The same is applicable to
catalyst duration of reactor operation, etc. For example, in   20   change.
Therefore, the reactor is normally the nselective hydrogenatioin of
acetylene in an  operated with catalystfor a period longer than the
ethylene rich stream green oil, polymerisation of  recommended period
between two successive green oil on the catalyst surface, etc. occurs.
regenerations and replacement by fresh catalyst. These are deposited on the
catalyst surface, thus  Therefore, one or more of the aforementioned
reducing the surface area available for the reac-   25   three conditions
may occur or, worse yet, the tion. Hence, acetylene hydrogenation to
ethylene  catalyst may be poisoned. The recommended is reduced. The
condition may also lead to a      period of operation between two
successive cata- product which is off-specification. Therefore, after  lyst
regenerations is about 18 months. Continued operating a reactor with fresh
or regenerated     operation without regeneration may poison the catalyst
for some time, the catalyst is either   30   catalyst completely, thus
reducing  its life regenerated by passing steam through the reac-
(normally about 5 years) and may require new tor or replaced by new
catalyst, whichever may be  catalyst. appropriate depending on the specific
situation.    As an example of the above-identified patents, The state of
the art for control of the selective  US  Patent No. US-A-4 241 230
discloses hydrogenation of acetylene into ethylene in the   35   apparatus
for use in a hydrogenation process for ethylene rich stream is well
documented in the    obtaining a hydrogenated product (such as following
patents:                                ethylene) in an exit stream of a
reactor from a 1. US-A-2 802 889-Frevel et al                 hydrocarbon
raw material (such as acetylene) in a 2. US-A-2 814 653-Hogan et al
feed stream of the reactor, the apparatus compris- 3. US-A-3 113
980-Robinson et al          40   ing: 4. US-A-3 153 679-Rottmayr
first sensor means operatively connected to the 5. US-A-3 471 582-Lupfer
feed stream for sensing concentrations of the 6. US-A-3 656911-Hobbs
hydrocarbon raw material and hydrogen in the 7. US-A-3 972 804-McLaughlin
et al             feed stream; 8. US-A-4 236 219-Killebrew et al         45
second sensor means operatively connected to 9. US-A-4 241 230-Drinkard
the exit stream for sensing a concentration of the 10. US-A-4 249
907-Callejas                     hydrocarbon raw material in the exit
stream; and These patents only teach techniques for the       a control
system connected to the first and temperature control of reactors. They do
not      second sensor means for controlling the pro- provide for any
indication of the current state of   50   cessing conditions of the
reactor. the catalyst. Consequently, any or all of the       However, as
stated above, the control effected following situations may occur:
by the control system of US-A-4 241 230 is 1. As catalyst selectivity
decreases, less and  restricted to process parameters such as tempera- less
acetylene will be hydrogenated into ethylene.  ture control of the reactor;
there is no means of Thus, the probability of occurrence of an off-   55
providing any indication of the state of the cata- specification product
increases and ultimately    lyst. may occur, thus resulting in loss of
production.    According to a first aspect of the present inven- 2. The
operator may increase operating          tion there is provided apparatus
for the automatic temperature of the reactor to compensate for
regeneration of catalyst used in a selective hydro- decline in catalyst
selectivity on the basis of   so   genation process for obtaining a
hydrogenated information from the manufacturer of the catalyst  product in
an exit stream of a reactor, from a and acetylene concentration in the
reactor exit   hydrocarbon raw material in a feed stream of the stream.
This presents a situation where an        reactor, the reactor having
regeneration means operator may be unable to discriminate among      for
regenerating the catalyst, the apparatus com- the causes of occurrences of
more than normal   65   prising: 2  



.3               EP 0124334 B1                      4 first sensor means
operatively connected to the  carbon is conducted for its removal from an
olefi feed stream for sensing concentrations of the     rich stream. A
standby reactor is available in th hydrocarbon raw material and hydrogen in
the      preferred apparatus for the automatic regenera feed stream;
tion of catalyst in a primary reactor. The second sensor means operatively
connected to    5    apparatus can operate regardless of the type of the
exit stream for sensing a concentration of the  reactor or catalyst except
for the fluidised bed hydrocarbon raw material in the exit stream; and
type of reactor. a control system connected to the first and       The
apparatus according to the preferred second sensor means and to the
regeneration       embodiment may include an auxiliary reactor means for
calculating a value S for selectivity of   10   having fresh or regenerated
catalyst used in the the catalyst according-to the relationship:
process, the auxiliary reactor being connected to the feed and exit streams
over valves which are CHI                          connected to and
controlled by the control system [err]          ,                      to
transfer the feed stream to the auxiliary reactor 15   when the first
mentioned reactor is undergoing regeneration of its catalyst. where [err]
is the hydrogen concentration in the     The process may be the selective
hydrogena- feed stream,[err] is the hydrocarbon raw material  tion of a
specific unsaturated hydrocarbon form- concentration in the feed stream and
CA2 is the  ing the raw material, for its removal from an hydrocarbon raw
material concentration in the   20   olefin rich stream, the first and
second sensor exit stream, and .for generating a control signal,    20
means being ooperable a concentration of when the calculated value for the
selectivity    the hydrocarbon in the feed and exit streams approaches a
selected value for the selectivity  respectively with the first sensor
means also which is indicative that the catalyst should be   being operable
to sense a concentration of hydro- regenerated, for application to the
regeneration   25   gen in the feed stream, and the control system means
for activating the regeneration means to   including calculator means for
calculating the. regenerate the catalyst.
selectivity of the catalyst according to the rela- According to a second
aspect of the present     tionship invention there is provided a method of
control- ling catalyst regeneration for a selective hydro-   30
[err] genation process of a hydrocarbon raw material in a reactor, the
method comprising:                The invention may be embodied so as to
sensing the hydrocarbon raw material concen-    provide a method of
regenerating catalyst in an tration in a feed stream of the reactor;
automatic manner using a Network 90 system sensing the hydrogen
concentration in the feed   35   available from the Bailey Meter Company.
stream;                                             The preferred apparatus
for automatically sensing the hydrocarbon raw material concen-
regenerating catalyst, described hereinbelow, is tration in an exit stream
of the reactor;          simple in design, rugged in construction and
calculating an estimated catalyst selectivity   economical to manufacture.
according to the relationship               40      The invention will now
be further described, by way of illustrative and non-limiting example, with
[err]                          reference to the accompanying drawings, in
which: [err]                      Figure 1 is a schematic representation of
an 45   automatic catalyst regeneration apparatus or where S=the catalyst
selectivity, [err]=the hydro-  system embodying the invention showing dual
carbon raw material concentration in the feed     reactors with control.
and sensing elements; stream, CA2=the hydrocarbon raw material con-
Figure 2 is a block diagram showing additional centration in the exit
stream, and CHI =the hydro-  details of a control computer system used in
the .       gen concentration in the feed stream; and    so   apparatus;
regenerating the catalyst of the reactor when     Figure 3 is a block
diagram showing additional the calculated estimated selectivity of the
catalyst  details of a unit employed in the control computer reaches a
selected level.                         system for establishing an actual
catalyst selectiv- A preferred embodiment of the present inven-    ity
value; tion described hereinbelow provides a method   55   Figure 4 is a
block diagram showing additional and apparatus for the automatic
regeneration of   details of a unit in the control computer system catalyst
in a reactor which is based on the value of  for determining whether the
actual selectivity the catalyst selectivity. The catalyst is regenerated
calculated has reached a selected limit for the in a timely fashion, which
is important in view of  selectivity; the high cost of catalyst and the
possibility of   60  Figure 5 is a block diagram showing a series of
poisoning the catalyst beyond the point where it  three sub-units in the
control computer system can be regenerated. The preferred method and
which control the operation of the overall apparatus are applicable to the
automatic regen-  apparatus to transfer operation from one of the eration
of catalyst in a reactor wherein selective  reactors to the other reactor
and thereafter regen- hydrogenation of specific unsaturated hydro-   65
erate the catalyst of the first reactor; and 



3    5            EP 0124334 B1  6. Figure 6 is a block diagram showing
additional    steam valve controller 94 is connected over a details of
units in the control computer system for  digital to analog converter 54 to
the control monitoring catalyst status and for setting various  computer
system 50. time durations used in controlling the apparatus
Instrumentation and control schemes for the. using the control elements of
Figure 5.       5    reactors 10 and 110 are utilised for modulating the
Referring to the drawings, Figure 1 shows an      systems, as well as
forstart-up and shutdown apparatus for automatically regenerating a cata-
operations. Specific details of the operation of the lyst in one of two
reactors 10 and 110 which are of  separate systems are known in the art and
demon- substantially identical design.                     strated in the
above-identified US Patents. The reactor 10 is used as a primary reactor in
a    to  The primary reactor 10 is initially used for the process for
obtaining a product from  a raw         selective hydrogenation process
while the reactor material using a catalyst, with the other reactor 110
110 contains regenerated or fresh catalyst that is being utilised as an
auxiliary reactor during the   available for subsequent use. In this state
of the period when the catalyst in the primary reactor is  apparatus, the
valves 12,22 and 14 are open while being regenerated.
15  the valves 8 and 16 are closed. All of the corre- The specific example
illustrated involves a pro-  sponding valves (108, 112,114, 116, and 122)
in the cess for the selective hydrogenation of acetylene   auxiliary
reactor system are closed. The valve 20 is to ethylene. The invention is
suitable, however, in  active for temperature control purposes in the the
regeneration of catalysts in other processes.   selective hydrogenation
process, while the valve As shown in Figure 1, a feed stream containing
20   -120 is inactive. The valve. 92 is closed since it is ethylene,
acetylene and hydrogen is provided over   used for modulating control
during the regenera- a feed line 2, past a heater 4 which, for example,
tion process. usessteam andto an inletvalve 12atan inletofthe       As will
become apparent hereinbelow, the key primary reactor 10. Since the reactors
10 and 110   features of the present control structure and are
substantially identical, corresponding parts in   25   method are: the two
reactor systems are designated by the         1. estimation of catalyst
selectivity; same reference  numerals, except that the             2.
detection of catalyst selectivity below a nor- numerals associated with the
auxiliary reactor 110  mal required level; are increased by 100 with
respect to those asso-      3. transfer of selective hydrogenation to the
ciated with the reactor 10.                   30   auxiliary reactor 110
upon detection of an unsatis- A steam line 6 is connected to the inlet of
the   factory condition in the catalyst of the primary reactor 10 and
includes a regenerator valve 8. The  reactor 10; line 6 is connected to a
steam source 90 via a main   4. subsequent regeneration of catalyst in the
steam valve 92 controlled by a FIC controller 94    reactor 10; which
reacts to a computer control signal as well   35  5. bringing the primary
reactor 10 to a ready as a flow transmitter 96. With the valves 8 and 92
state for the takeover of selective hydrogenation open, steam is provided
to catalyst in the reactor  from the reactor 110; and 10 to regenerate the
catalyst.                        6. catalyst status accounting. In normal
operation of the reactor 10 for produc-   A measurement of catalyst
selectivity towards - ing ethylene, however, at least the valve 8 is   40
acetylene hydrogenation to ethylene is obtained closed. A line connects an
outlet of reactor 10 to an  by the algorithm: outlet valve 14. A drain
valve 16 is connected to a drain line upstream of the outlet valve 14 for
[err] draining waste products of the regeneration cycle. An exit line 98 is
connected to the outlet valve 14   45 of the reactor 10 as well as to the
outlet valve 114 of the reactor 110.
where Each of the reactors 10, 110 comprises two          S=selectivity of
the catalyst; reactor beds separated by an intermediate cooling     [err]
=acetylene concentration inthefeed stream; bed. The cooling bed of the
reactor 10 is connected    so  [err]=acetylene concentration In the exit
stream; to a cooling circuit 18 having a bypass valve 20 for  and
regulating the temperature in the reactor 10.         [err]=hydrogen
concentration in thefeed stream. Coolant is supplied to a heat exchanger 24
over a     Acetylene and hydrogen concentration in the coolant valve 22. An
identical cooling circuit 118 is  feed stream are provided by the
chromatograph provided for the auxiliary reactor 110.       55   91.
Acetylene concentration in the exit stream is A chromatograph 91 measures
the concen-           provided by the chromatograph 93. Signals tration of
acetylene and hydrogen in the feed       representing these concentrations
are provided to stream of the feed line 2 and a second chromato-    the
control computer system 50 where they are graph 93 measures the
concentration of acetylene    processed for noise and converted to
engineering in the exit stream of the exit line 98. The chromato-   60
units in a signal processing block 26 shown in graphs 91 and 93 may be
replaced by any other       Figure 2. This is based on known principles of
suitable sensor(s) for sensing raw material con-    signal processing.
centration in the feed and exit lines.                The signals are then
provided to a selectivity 



All sensors are connected to a control computer   calculation block 28
where the selectivity calcula- system 50 via analog to digital converters
52. The   65   tion is performed according to the algorithm set 4    7
EP 0124 334 B1                      8 forth above. Details of the block 28
are shown in    waiting period T7 for drainage of the reactor 1 Figure 3,
where a subtraction unit 30 takes the     the drain valve 16 is closed and
a further message value of the difference between the feed and exit   is
sent to the display 34 which indicates that the stream  acetylene
concentrations which value        primary reactor 10 is now again available
for forms the divisor of the hydrogen concentration    5    further use. A
last step in the automatic regenera- in a division unit 32. The output of
the unit 32 is  tion system is an accounting for the total time sent to a
display block 34 as well as to a desired  between two successive
regenerations, the total selectivity block 36. The current selectivity
value  time for use of catalyst and the total number of for the catalyst is
thus displayed to the operator  regenerations. This is accomplished in the
control by the display block 34, which may be of known    10   block 40
which is shown in greater detail in Figure design.
6. Details of the block 36, for determining whether    The circuit of
Figure 6 permits the operator to the catalyst selectivity has fallen to a
set limit  initiate manually a regeneration step over a block value Z, are
shown in Figure 4. The value Z is set  56. Regeneration also is begun
whenever the total in a limit unit 38 and is based on manufacturer's   15
time between successive regenerations is greater recommendation and
operating experience with        than a specified time TOTALT. Regeneration
may the particular catalyst being used.                 also be initiated
when the total time for usage If the actual selectivity is still above the
limitZ, a  exceeds a total specified time STIME. The number signal is
supplied over a form message unit 39 to   of regenerations NGEGEN is also
counted in the a catalyst status accounting block 40. When actual   20
circuitry of Figure 6 with a new catalyst being .  selectivity has fallen
to the limit, a signal is sent to  provided after a selectednumber of
regeneration a transfer block 42 for initiating transfer of the  cycles
SREGEN. process from the primary reactor 10 to the auxili-    The various
messages which are provided to ary reactor 110.
the operator by the various blocks are as follows: Figure 5 shows details
of the transfer block 42    25  1. reactor 10 to be switched to reactor 110
as well as a catalyst regeneration block 44 and a   automatically; ready
state block 46.                                 2. reactor switchover
complete; As shown in Figure 5, the valves in the             3. catalyst
regeneration process started; apparatus of Figure 1 are controlled in
approp-       4. catalyst being regenerated in reactor; riate sequence and
with time delays where   30        5. catalyst regeneration complete;
necessary.                                            6. reactor being
switched because of The valve 122 is first opened to supply coolant
(a) selectivity below acceptable level, or to the heat exchanger 124 in the
cooling circuit         (b) operator demand, or 118 of the auxiliary
reactor 110. The valve 112 is      (c) operating duration at selected
limit; and then opened to establish a flow of raw materials   35  7. new
catalyst required. from the feed line 2 to the reactor 110. A waiting
period of T1 seconds is then observed to fill the   Claims reactor 110 to
an appropriate level, after which the outlet valve 114 is opened for
establishing a     1. Apparatus for the automatic regeneration of flow of
products to the exit line 98. The inlet valve    40   catalyst used in a
selective hydrogenation pro- 12 of the reactor 10 is then closed and a
second    cess for obtaining a hydrogenated product in an waiting period of
T2 seconds is observed. After      exit stream of a reactor (10), from a
hydrocarbon this time, which permits drainage of the primary    raw
material in a feed stream of the reactor, the reactor 10, the outlet valve
14 is closed. After this  reactor having regeneration means (92,94,96) for
the coolant valve 22 is closed and a message is   45   regenerating the
catalyst, the apparatus compris- provided to the display 34 for the purpose
of       ing: informing the operator that the initial transfer      first
sensor means (91) operatively connected steps have been taken.
to the feed stream for sensing concentrations of A waiting period of T3
minutes is then             the hydrocarbon raw material and hydrogen in
observed, after which regeneration for the prim-   50   the feed stream;
ary reactor 10 is commenced. To achieve these         second sensor means
(93) operatively con- control functions, the block 44 first opens the
nected to the exit stream for sensing a concen- drain valve 16. The
regeneration valve 8 is then    tration of the hydrocarbon raw material in
the exit opened to commence the regeneration of catalyst     stream; and in
the reactor 10. The remainder of the steps    55   a control system (50)
connected to the first and illustrated in the block 44 of Figure 5 complete
the  second sensor means (91, 93) and to the regener- regeneration process
in known fashion using the     ation means (92, 94, 96) for calculating a
value S controller 94 and flow transmitter 96 further in    for selectivity
of the catalyst according to the conjunction with appropriate programming
in the      relationship: control computer system 50.                    60
When regeneration is complete, a message 



signal is again provided to the display 34 for operator information. The
regeneration valve 8 is then closed by appropriate controls in the ready
state block 46. After observing an appropriate   65 5    7              EP
0124334 B1                       8 forth above. Details of the block 28 are
shown in  waiting period T7 for drainage of the reactor Figure 3, where a
subtraction unit 30 takes the    the drain valve 16 is closed and a further
message value of the difference between the feed and exit  is sent to the
display 34 which indicates that the stream  acetylene concentrations which
value       primary reactor 10 is now again available for forms the divisor
of the hydrogen concentration    5    further use. A last step in the
automatic regenera- in a division unit 32. The output of the unit 32 is
tion system is an accounting for the total time sent to a display block 34
as well as to a desired  between two successive regenerations, the total
selectivity block 36. The current selectivity value  time for use of
catalyst and the total number of for the catalyst is thus displayed to the
operator  regenerations. This is accomplished in the control by the display
block 34, which may be of known    10   block 40 which is shown in greater
detail in Figure design.                                            6.
Details of the block 36, for determining whether   The circuit of Figure 6
permits the operator to the catalyst selectivity has fallen to a set limit
initiate manually a regeneration step over a block value Z, are shown in
Figure 4. The value Z is set  56. Regeneration also is begun whenever the
total in a limit unit 38 and is based on manufacturer's   15  time between
successive regenerations is greater recommendation and operating experience
with       than a specified time TOTALT. Regeneration may the particular
catalyst being used.                also be initiated when the total time
for usage If the actual selectivity is still above the limit Z, a  exceeds
a total specified time STIME. The number signal is supplied over a form
message unit 39 to  of regenerations NGEGEN is also counted in the a
catalyst status accounting block 40. When actual   20   circuitry of Figure
6 with a new catalyst being selectivity has fallen to the limit,a signal is
sent to    provided after a selected number of regeneration a transfer
block 42 for initiating transfer of the  cycles SREGEN. process from the
primary reactor 10 to the auxili-   The various messages which are provided
to ary reactor 110.                                   the operator by the
various blocks are as follows: Figure 5 shows details of the transfer block
42   25  1. reactor 10 to be switched to reactor 110 as well as a catalyst
regeneration block 44 and a  automatically; ready state block 46.
2. reactor switchover complete; As shown in Figure 5, the valves in the
3. catalyst regeneration process started; apparatus of Figure 1 are
controlled in approp-      4. catalyst being regenerated in reactor; riate
sequence and with time delays where   30       5. catalyst regeneration
complete; necessary.                                           6. reactor
being switched because of The valve 122 is first opened to supply coolant
(a) selectivity below acceptable level, or to the heat exchanger 124 in the
cooling circuit       (b) operator demand, or 118 of the auxiliary reactor
110. The valve 112 is     (c) operating duration at selected limit; and
then opened to establish a flow of raw materials   35  7. new catalyst
required. from the feed line 2 to the reactor 110. A waiting period of T1
seconds is then observed to fill the  Claims reactor 110 to an appropriate
level, after which the outlet valve 114 is opened for establishing a    1.
Apparatus for the automatic regeneration of flow of products to the exit
line 98. The inlet valve   4o   catalyst used in a selective hydrogenation
pro- 12 of the reactor 10 is then closed and a second   cess for obtaining
a hydrogenated product in an waiting period of T2 seconds is observed.
After    exit stream of a reactor (10), from a hydrocarbon this time, which
permits drainage of the primary   raw material in a feed stream of the
reactor, the reactor 10, the outlet valve 14 is closed. After this  reactor
having regeneration means (92, 94,96) for the coolant valve 22 is closed
and a message is   45   regenerating the catalyst, the apparatus compris-
provided to the. display 34 for the purpose of     ing: informing the
operator that the initial transfer     first sensor means (91) operatively
connected steps have been taken.                             to the feed
stream for sensing concentrations of A waiting period of T3 minutes is then
the hydrocarbon raw material and hydrogen in observed, after which
regeneration for the prim-   50   the feed stream; ary reactor 10 is
commenced. To achieve these        second sensor means (93) operatively
con- control functions, the block 44 first opens the    nected to the exit
stream for sensing a concen- drain valve 16. The regeneration valve 8 is
then   tration of the hydrocarbon raw material in the exit opened to
commence the regeneration of catalyst    stream; and in the reactor 10. The
remainder of the steps   55   a control system (50) connected to the first
and illustrated in the block 44 of Figure 5 complete the  second sensor
means (91, 93) and to the regener- regeneration process in known fashion
using the    ation means (92, 94, 96) for calculating a value S controller
94 and flow transmitter 96 further in   for selectivity of the catalyst
according to the conjunction with appropriate programming in the
relationship: 



control computer system 50.                  60 When regeneration is
complete, a message signal is again provided to the display 34 for operator
information. The regeneration valve 8 is then closed by appropriate
controls in the ready state block 46. After observing an appropriate   65 5
9               EP 0124334 B1                      10 [err]
ated reaches a selected number of times for catalyst regeneration. [err]
8. Apparatus according to claim 7 as ultimately dependent on claim 2,
wherein the display means where [err] is the hydrogen concentration in the
5    (34) is operable to display signals indicative of a feed stream, [err]
is the hydrocarbon raw material   transfer of the process from one reactor
to the concentration in the feed stream and CA2 is the     other reactor,
the beginning of catalyst regenera- hydrocarbon raw material concentration
in the       tion by the regeneration means (92, 94, 96), a exit stream,
and for generating a control signal,   ready state of the reactor for which
catalyst is when the calculated value (S) for the selectivity   10   being
regenerated, and the number of times the approaches a selected value (Z)
for the selectivity  catalyst has been regenerated, and wherein the which
is indicative that the catalyst should be     accounting means (40) is
operable to store the regenerated, for application to the regeneration
time that catalyst is utilised in the process of said means for activating
the regeneration means to      one reactor, the number of times catalyst is
regenerate the catalyst.                      15   regenerated in said one
reactor and a maximum 2. Apparatus according to claim 1, including an
desired number of regeneration cycles and time auxiliary reactor (110)
containing catalyst for the  duration for catalyst use. process and
connected to the exit stream and the     9. A method of controlling
catalyst regeneration feed stream, and valve means operatively
for a selective hydrogenation process of a hydro- engaged in.at least one
of the exit  and feed    20   carbon raw material in a reactor(10) the
method streams and connected to the control system (50)    comprising: for
supplying hydrocarbon raw material via the        sensing (91) the
hydrocarbon raw material con- exit stream to the auxiliary reactor (110)
when the  centration in a feed stream of the reactor (10); regeneration
means (92, 94, 96) are activated to      sensing (91) the hydrogen
concentration in the regenerate catalyst in the first-mentioned reactor
25   feed stream; (10).
sensing (93) the hydrocarbon raw material con- 3. Apparatus according to
claim 1 or claim 2,     centration in an exit stream of the reactor;
wherein the control system (50) includes calcula-     calculating an
estimated catalyst selectivity tion means (28) for calculating the catalyst
selec-  according to the relationship tivity value (S).
30 4. Apparatus according to claim 3, including
[err] desired selectivity means (36) for receiving the selected selectivity
value (Z) and connected to the                    [err] calculation means
(28), the desired selectivity means (36) being operable to generate the
control   35   where S=the catalyst selectivity, [err]=the hydro- signal
when the calculated selectivity value (S)    carbon raw material
concentration in the feed approaches the selected selectivity value (Z).
stream, [err]=the hydrocarbon raw material con- 5. Apparatus according to
claim 4, including      centration in the exit stream, and [err] =the
hydro- catalyst status accounting means (40) connected     gen
concentration in the feed stream; and to the desired selectivity means (36)
for receiving    40  regenerating the catalyst of the reactor (10) a signal
from the desired selectivity means when    when the calculated 'estimated
selectivity (S) of the calculated selectivity value. (S) has not       the
catalyst reaches a selected level (Z). approached the selected selectivity
value (Z), the    10. A method according to claim 9, including catalyst
status accounting means (40) being         displaying (34) the calculated
catalyst selectivity operable to determine a time period during which    45
(S) to an operator of the reactor. the process is conducted with the
catalyst before     11. A method according to claim 9 or claim 10, it is
regenerated.                                  including measuring the total
time during which 6. Apparatus according to claim 5, wherein the    the
catalyst is used in the process and regenerat- catalyst status accounting
means (40) is con-       ing the catalyst after the total time has reached
a nected to the catalyst regeneration means (92, 94,   50   selected time
duration for use of the catalyst. 96), the catalyst status accounting means
(40)        12. A method according to claim 9, claim 10 or having desired
time period setting  means           claim 11, including transferring feed
of the feed operable to compare a desired time period for use   stream to
an auxiliary reactor (110) when the first- of the catalyst with the actual
time period during  mentioned reactor (10) is being regenerated, the which
the catalyst has been used and, when the    55   auxiliary reactor having
one of regenerated and actual time period reaches the desired time
fresh catalyst. period, activating the regeneration means.            13. A
method according to any one of claims 9 



7. Apparatus according to claim 5 or claim 6,     to 12, wherein the
hydrocarbon raw material is wherein the catalyst status accounting means
(40)   acetylene. includes regeneration counting means for count-   60 ing
the number of times the catalyst in the reactor  Patentanspruche has been
regenerated, and display means (34) is connected to the catalyst status
accounting           1. Vorrichtung zur automatischen Regenierung means
(40) for displaying a message when the        von Katalysator, der in einem
selektiven Hydrier- number of times the catalyst has been regener-   65
verfahren zur Gewinnung eines hydrierten Pro- 6    11              EP
0124334  B1                     12 duktes in einem Ausgangsstrom eines
Reaktors       Katalysatorzustand  errechnenden  Einrichtun (10) aus einem
Kohlenwasserstoffrohmaterial in     (40), die mit der erwunschten
Selektivitatseinrich- einem Beschickungsstrom des Reaktors verwen-
tung (36) verbunden ist, urn ein Signal von der det wird, wobei der Reaktor
Regeneriereinrichtun-  erwunschten Selektivitatseinrichtung aufzuneh- gen
(92, 94, 96) zur Regenerierung des Katalysa-    5    men, wenn der
berechnete Selektivitatswert (S) tors hat, mit
sich nicht dem ausgewahiten Selektivitatswert (Z) einer ersten
MeBwertgebereinrichtung (91), die   genahert hat, wobei die
Katalysatorzustandbe- funktionsm3Big mit dem Beschickungsstrom ver-
rechnungseinrichtung (40) so betrieben werden bunden ist, um
Konzentrationen des Kohlenwas-      kann, daB sie eine Zeitperiode
bestimmen kann, serstoffrohmaterials und von Wasserstoff in dem    10
wahrend welcher das Verfahren mit dem Kataly- Beschickungsstrom abzufuhlen,
sator durchgefuhrt wird, bevor er regeneriert einer zweiten
MeBwertgebereinrichtung (93),      wird. die funktionsm3Big mit dem
Ausgangsstrom ver-        6. Vorrichtung nach Anspruch 5, bei der die
bunden ist, urn eine Konzentration des Kohlen-
Katalysatorzustandberechnungseinrichtung  (40) wasserstoffrohmaterials in
dem Ausgangsstrom    15   mit den Katalysatorregeneriereinrichtungen (92,
abzufihlen, und                                    94, 96) verbunden ist,
wobei die Katalysatorzu- einem Steuersystem (50),.das mit der ersten
standberechnungseinrichtung (40) Einrichtungen und zweiten
MeBwertgebereinrichtung (91, 93)       zur Einstellung der erwunschten
Zeitperiode hat, und mit den Regeneriereinrichtungen (92, 94, 96)   die so
arbeiten k6nnen, daB sie eine erwunschte verbunden ist, urn einen Wert S
fOr die Selektivi-   20   Zeitperiode fMr die Verwendung des Katalysators
tat des.Katalysators.nach der Gloichung-...    -   mit. der....
tatsachlichen. .-Zeitperiode: vergleichen, wihrend welcher der Katalysator
verwendet CHI                           wurde, und die
Regeneriereinrichtungen aktiviert, S=                                  wenn
die tatsachliche Zeitperiode die erwunschte CA1-CA2 -                 25
Zeitperiode erreicht. 7. Vorrichtung nach Anspruch 5 oder Anspruch zu
berechnen, worin CH, die Wasserstoffkonzen-     6, bei der die
Katalysatorzustandberechnungsein- tration des Beschickungsstromes ist, CAI
des Koh-  richtung (40) Regenerierungszahleinrichtungen
lenwasserstoffrohmaterialkonzentration in dem      fur das Zahlen der
Anzahl, in der der Katalysator Beschickungsstrom ist und CA2 die
Kohlenwasser-   30   im Reaktor regeneriert wurde, enthalt, und daB
stoffrohmaterialkonzentration in dem Ausgangs-     eine Anzeigeeinrichtung
(34) mit der Katalysator- strom ist, und um sin Kontrollsignal zu erzeugen,
zustandberechnungseinrichtung (40) verbunden wenn der berechnete Wert (S)
fOr die Selektivitat  ist, urn eine Mitteilung zu machen, wenn die sich
einem ausgewAhiten Wert (Z) fOr die Selekti-  Anzahl, in welcher der
Katalysator regeneriert vitit nihert, welcher ein Anzeichen dafur ist, daB
35   wurde, eine ausgewahite Anzahl fOr Katalysator- der Katalysator
regeneriert werden sollte, und es  regenerierungen erreicht. an die
Regeneriereinrichtungen zur Alctivierung      8. Vorrichtung nach Anspruch
7 und letztlich in der Regeneriereinrichtungen, urn den Katalysator
Abhangigkeit von Anspruch 2, bei der die Anzei- zu regenerieren, zu geben.
geeinrichtung (34) so betrieben werden kann, daB 2. Vorrichtung nach
Anspruch 1 mit einem    40   sie Signals anzeigt, die sin Anzeichen fOr
eine Hilfsreaktor (110), der Katalysator fur das Verfah-  Oberfuhrung des
Verfahrens von einem Reaktor ren enthilt und mit dem Ausgangsstrom und dem
zu dem anderen Reaktor, fur den Beginn der Beschickungsstrom verbunden ist,
und einer Ven-    Katalysatorregenerierung durch die Regenerier-
tileinrichtung, die funktionsmaBig in wenigstens   einrichtungen (92, 94,
96), einen fertigen Zustand einen der Ausgangs- und Beschickungsstrome
45   des Reaktors, fOr welchen Katalysator regeneriert eingreift und mit
dem Steuersystem (50) verbun-    wird, und die Anzahl, in der der
Katalysator den ist, urn Kohlenwasserstoffrohmaterial Ober     regeneriert
wurde, sind und worin die Zahlein- den Ausgangsstrorn zu dem Hilfsreaktor
(110) zu    richtung (40) so betrieben werden kann, daB sie fuhren, wenn
die Regeneriereinrichtungen (92,      die Zeit, in der Katalysator in dem
Verfahren des 94, 96) aktiviert werden, um Katalysator in dem    60   einen
Reaktors benutzt wird, die Anzahl, in der ersterwihnten Reaktor (10) iu
regenerieren.        Katalysator in dem  einen Reaktor regeneriert 3.
Vorrichtung nach Anspruch 1 oder Anspruch     wird, und eine maximal
erwunschte Anzahl von 2, worin das Steuersystem (50) Rechnereinrich-
Regenerierungszyklen und die Zeitdauer for die tungen (28) zur Errechnung
des Katalysatorselek-   Katalysatorverwendung speichert. tivititswertes (S)
enthilt.                  65      9. Verfahren zur Steuerung der
Katalysatorrege- 



4. Vorrichtung nach Anspruch 3 mit erwunsch-     nerierung fOr ein
selektives Hydrierverfahren ten Selektivitatseinrichtungen (36) zum Empfang
eines Kohlenwasserstoffrohmaterials in einem des ausgewAhiten
Selektivitatswertes (Z), die mit  Reaktor (10), wobei das Verfahren darin
besteht, der Rechnereinrichtung (28) verbunden sind,        daB man wobei
die erwunschten Selektivitatseinrichtun-   60  die
Kohlenwasserstoffrohmaterialkonzentra- gen (36) so arbeiten konnen, daB sie
das Kontroll-  tion in einem Beschickungsstrom des Reaktors signal
erzeugen, wenn der errechnete Selektivi-    (10) anfuhit (91), tatswert (S)
sich dem ausgewahiten Selektivitits-    die Wasserstoffkonzentration in dem
Beschik- wert (Z) nahert.                                   kungsstrom
abfuhlt (91), 5. Vorrichtung nach Anspruch 4 mit einer den   65  die
Kohlenwasserstoffrohmaterialkonzentra- 7    13              EP 0.124 334 BI
14 rttion in einem  Ausgangsstrom  des Reaktors
S=CHIACAI-CA2)\ abf~hit (93), eine geschitzte Katalysatorselektivitlt nach
der  ob CH, est la concentration do I'hydrogene dans le Gleichung
courant de charge, CA, est la concentration,,de la 5    matiere premiere
hydrocarbon6e dans le courant CHI                           de charge et
CAi est la concentration de la matisre S=          ,
premiere hydrocarbon6e dans le courant de sor- CA1 _CA2
tie, et aussi a produire un signal de regulation quand la valeur calcul6e
(S) pour la selectivite so worin S=die Katalysatorselektivitat, CAI =die
Koh-   10   rapprocho d'une valeur s6lectionn6e (Z) do la
lenwasserstoffrohmaterialkonzentration in dem       s6lectivite, cette
dernibre valeur indiquant quo le Beschickungsstrom, CA2=dis
Kohienwasserstof-        catalyssur devrait stre r6g6n6re, pour application
frohmaterialkonzentration  in dem  Ausgangs-        au moyen do
r6generation, dans le but d'activer le strom und CH1=die
Wasserstoffkonzentration in       moyen do r6g6n6ration et ainsi regenerer
le dem Beschickungsstrom, berechnet und          1S   catalyseur. den
Katalysator des Rsaktors (10) regeneriert,      2. Apparoillage selon la
revendication 1, corn- wenn die berechnete geschitzte Selektivitat (S)
pronant un reacteur auxiliaire (110) contenant un dos Katalysators eonen
ausgewihiten Wert (Z)        catalyseur du proc6dd st raccorde au courant
do erreicht.                                           sortie et au courant
de charge, et un moyen do 10. Verfahren nach Anspruch 9, bsi dem man   20
vannos, instaild d'une maniere, opsrationnelle dise  erec nete
Katalysatorsektivitit (5) sinem    '    dans au  moins le courant do sortie
ou lo courant Betreiber des Reaktors anzeigt (34).                de charge
et raccords au systeme do regulation 11. Verfahren nach Anspruch 9 oder
Anspruch       (50) pour envoyer, par l'interm6diaire du courant 10, bei
dem man die Gesamtzeit miet, wahrend        do sortie, de la matiere
premiere hydrocarbones welcher der Katalysator in dom Verfahren ver-   25
au r6acteur auxiliaire (110) quand los moyens de wendet wird, und den
Katalysator regenerisrt,       r6gen6ration (92,94,96) sont actives pour
r6gene- nachdem die Gesamtzeit dine ausgewihlte Zeit-       rer le
catalyseur dans le r6acteur (10) mentionn6 dauer fOr die Verwendung des
Katalysators           en premier. erreicht hat.
3. Appareillags solon la revendication 1 ou la 12. Verfahren nach Anspruch
9, Anspruch 10   30   revendication 2, dans lequel Is systime de r6gula-
oder Anspruch 11, be! dem man Beschickung des       tion (50) comprend un
moyen de calcul (28) Beschickungsstromes zu einem Hilfsreaktor (110)
destinb 3 calculer la valeur (S) de la selectivite du OberfOhrt, wenn der
ersterwahnte Rsaktor (10)       catalyseur. regeneriert wird, wobei der
Hilfsreaktor regene-      4. Appareillags sslon la revendication 3, com-
rierten und frischen Katalysator besitzt.     35   prenant un moyen do
selectivite do consigns (36) 13. Verfahren nach sinem der Anspruchs 9 bis
destine 3 recevoir la valeur (Z) de la s6lectivitd 12, bei dem das
Kohlonwasserstoffrohmaterial        s6lectionn6e st raccorde au moyen do
calcul (28), Acetylen ist.                                       Is moyen
de selectivite de consigns (36) pourvant etro exploite de fagon 3 produire
le signal de Revendications                                40   regulation
quand la valeur calcules (S) de la selectivit6 s'approche do la valeur
selectionnee 1. Appareillags pour la regen6ration automati-    (Z) de la
se6lectivite. quo d'un catalyssur utilis6 lors d'un proced6         5.
Apparsillage solon la revendication 4, corn- d'hydrogenation sbloctivo
dostin6 A donner un       prenant un moyen (40) do determination do I'etat
produit hydrogene dans un courant do sortie d'un    4s   du catalyseur,
raccord6 au moyen de selectivit6 reacteur (10), A partir d'une matisre
premibre      do consigns (36) pour rocevoir un signal du hydrocarbones
dans un courant do charge du          moyen de s6lectivit6 de consigns
quand la valeur r6acteur, le r6acteur possedant des moyens de
calculee (S) de la selectivite ne s'sst pas appro- r6g6n6ration (92, 94,
96) pour r6generer le cataly-  chee do la valeur s6lectionnie (Z) do la
s6lectivit6, seur, l'appareillage compronant:              so   le moyen do
determination (40) de l'6tat du un premier moyen captsur (91), raccorde
d'une     catalyseur pouvant etro exploite de fagon A deter- maniere
operationnells au courant do charge,        miner une periods do temps
pendant laquello le dsstind a captor les concentrations do la matibrs
proc6de set mis on oeuvre avec le catalyseur 



premibre hydrocarbon6e et de I'hydrogene dans       avant sa regin6ration.
Ie courant do charge;                         55      6. Appareillage selon
la revendication 5, dans un deuxibms moyen capteur (93), raccord6
lequel le moyen (40) do determination de l'etat du d'une manibre
opsrationnolle au courant do sor-     catalyseur est raccorde aux moyens de
r6g6n6ra- tie, destine a captor la concentration do la matiere  tion du
catalysour (92, 94, 96), le moyen (40) do premiere hydrocarbones dans le
courant do sor-      dstsrmination de I'stat du catalyseur comportant tie;
st                                       60   un moyen do reglago do la
periode de temps un systeme do regulation (50), raccords au
souhaites, pouvant 6tre utilis pour comparer une premier et au deuxieme
moyens capteurs (91, 93)     periode do temps souhaitse pour utilisation du
et aux moyens do reg6neration (92, 94, 96),         catalyseur A la periode
do temps effective au destin6 A calculer une valour S de la se6lectivits du
cours de laquelle le catalyseur a ete utilisb ot, catalyseur solon la
relation suivante:        65   quand la periods do temps effective atteint
la 8    15               EP  0 124 334  B1                   16 periode de
temps souhait6e, activant le moyerl         A capter (93) la concentration
de la mature de rdgdn6ration.                                     premiere
hydrocarbon6e dans un courant de 7. Appareillage selon la revendication 5
ou la     sortie du r6acteur; revendication 6, dans lequel le moyen (40) de
3 calculer une selectiviteb estimee du cataly- d6termination de l'btat du
catalyseur comprend    5    seur selon la relation un moyen de comptage des
r6gen6rations, des- tin6 A compter le nombre de fois que le cataly-
S=CHl/(CAI-CA2) sour dans le rbacteur a 6tb reg6n6re, et le moyen
d'affichage (34) set raccorde au moyen         ob S est la s6lectivite du
catalyssur, CA, la (40) de determination de l'etat du catalyseur   io
concentration de la matiere premiere hydrocar- pour afficher un message
quand le nombre de          bon6e  dans le courant de charge, CA2 la fois
que le catalyseur a 6t6 r6g6ner6 atteint un     concentration de la matiere
premiere hydrocar- nombre de fois sblectionn6 pour la reg6nbra-
bon6e dans le courant de sortie, et CH1 la tion du catalyseur.
concentration de l'hydrog6ne dans le courant 8. Appareillage selon la
revendication 7, dans    15   de charge; et la mesure od, en fin de compte,
eole depend de         A rdgenerer Is catalyseur du rdacteur (10)     . la
revendication 2, dans lequel le moyen d'affi-     quand la selectivit6
estimee calculee (S) du chage (34) pout etre utilis6 pour afficher des
catalyseur afteint une valour selectionnee (Z). signaux indiquant un
transfert du procede d'un         10. Proc6d4 selon la revendication 9,
consis-    i r6acteur A I'autre reacteur, le d6but de la reg6-   20   tant
A afficher (34) la s6lectivite calcul6e (S) du n6ration du catalyseur par
le moyen de r6gene-       catalyseur, 3 I'attention d'un op6rateur du reac-
-ration (92, 94, 9),`un bat du- reacur prt",         tour.            - --
- 6tat dans lequel Is catalyseur est en cours de         11. Proced6 selon
la revendication 9 ou la r6gen6ration, et le nombre de fois quo le cata-
revendication 10, comprenant l'6tape consistant  -4 lyseur a 6t6 r6g6n6r6,
et dans lequel le moyen    25    3 mesurer le temps total pendant lequel le
de determination (40) pout etre utilis6 pour         catalyseur est utilis6
dans le proc6de, et a r6g6- m6moriser le temps utilisM  par le catalyseur
n6rer le catalyseur apres quo le temps total a dans le proc6de dudit un
r6acteur, le nombre         atteint une dur6e de temps se6lectionnee
d'utili- de fois quo le catalyseur est r6g6nere dans          sation du
catalyseur. ledit un r6acteur, ot un nombre maximal de    30       12.
Procdd6 selon  la revendication 9, Ia consigne de cycles de r6g6n6ration,
ainsi quo        revendication .10 ou la revendication 11, corn- la dur6e
d'utilisatlon du catalyseur.                prenant l'btape consistant A
transferer la charge 9. Proc6d6 de regulation de la regen6ration        du
courant de charge vers un r6acteur auxi- du catalyseur dans un proc6d6
d'hydrog6nation        Haire (110) quand le r6acteur (10) mentionn6 en
s6lective d'une matiere premiere hydrocarbo-   35   premier est en cours de
r6g6n6ration, le r6ac- nee dans un r6acteur (10) proc6d6 consistant
tour auxiliaire 6tant un r6acteur A catalyseur A capter (91) la
concentration de la matiere       regen6r6 et frais. premiere hydrocarbon6e
dans un courant de              13. Proc6d6 selon  l'une quelconque des
charge du r6acteur (10);                             revendications 9 a 12,
dans lequel la matiere A capter (91) la concentration de I'hydrogene    40
premiere hydrocarbonee est l'acetylene. dans le courant de charge; 45 50 56
60 65    


