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Major problems exist in known ethylene polymerisation processes using
tubular reactors. This invention relates to apparatus for control-    One
of these problems is that product quality is ling polymerisation reactors.
achieved by maintaining reactor temperature at a Low density polyethylene
is an important basic    5    pre-specified level. That is, there is no
direct polymer in a consumer oriented society. Over the    product quality
control. This approach results in years, its manufacturing processes have
changed     significant fluctuations in product quality due to from the use
of continuous stirred tank reactors to  variations in reactor temperature
caused by dis- the use of tubular reactors for polymerisation, in  charging
reactor products through let down large part due to process economics. In
the    10   valves. A polymer-ethylene mixture is discharged tubular
reactor, heat removal is accomplished by    from the reactor tube by
opening and closing externally cooling the reactor tube.
such a let down valve to lower reactor pressure The use of tubular reactors
for ethylene          intermittently. This causes pressure fluctuations
polymerisation, instead of autoclave type reac-     of 19.61 to 98.10 MPa
(200 to 1,000 kgf/[err]). tors, is disclosed in Polyolefin Production Pro-
15  Another problem  is that the application of cesses-Latest Developments,
M.P. Sittig, Noyes      excessive cooling lowers reactor cooling zone Data
Corp., Park Ridge, N. J., USA., 1976.          temperature and results in
polymer deposits on Most low density polyethylene is made at high     the
tube wall. Pressure drops appear as a con- pressures ranging from  1,000 to
3,350 atm.         sequence and, in a worst case, the reactor tube pressure
using a free radical initiator/catalyst   20   may become clogged. This may
result in damage such as peroxides, nitrogen compounds and           to the
equipment. metallic catalysts. The basic steps in the process     A further
problem is that the amount of catalyst are the initial compression of
purified ethylene to  added is based on feed flow rate to the reactor. the
reactor pressures, introduction of free radical  This is fixed for the
operation since it is con- initiator/catalyst at some stage of compression,
25   sidered independent of feed flow rate as the polymerisation and
removal of exothermic heat       catalyst control system  does not account
for of reaction, reaction mixture let down, product     variations in the
feed flow rate. separation and finishing. A tubular reactor for       A
still further problem of the prior art is that accomplishing at least some
of these steps is       significant amounts of operator attention are
disclosed in US-A-4 008 049 (Clemmer et al).   30   required during the
process. This is because an Since ethylene polymerisation is an exothermic
operator must not only observe the process process, exothermic heat must be
removed. Such      behaviour but must also adjust set points for heat
removal has been achieved by externally        temperature and catalyst,
based on his know- cooling the reactor tube, and feeding a portion of
ledge of the process and a relationship of product cool ethylene feed as a
starting material to a high    35   quality vs. reactor temperature and
catalyst flow temperature reactor zone.                           rate vs.
feed flow rate. It is also important that ethylene feed to the
According to the invention there is provided reactor be 99.9%  pure and
acetylene free.          apparatus for controlling a polymerisation reactor
Commonly acceptable limits for acetylene are        having a feed line for
a raw material to be less than 10 ppm. Ethylene gas feed should also   40
polymerised, cooling means for cooling the reac- contain less than 440 ppm
oxygen since higher       tor using a flow of coolant, and an exit line for
a oxygen content results in lower reaction rate and   product of
polymerisation in the reactor, the thus lower polymer yield.
apparatus comprising: The initiator/catalyst, as noted above, are free    a
product separator connected in the exit line radicals and predominantly
oxides and peroxides.   45   downstream of the reactor for separating the
From 0.01 to 10% by weight may be added, based      product from the raw
material; upon desired polymer weight. Liquid catalyst is       a quality
sensor for sensing the actual quality of injected at multiple points in
connecting lines     the product in the exit line downstream of the between
one or more compressors and the reac-       product separator; tor, at a
temperature -higher than the polymer   50   quality controls means
connected to the quality melting point.
sensor for receiving a desired product quality set Temperatures of 180 to
[err] are commonly          point and comparing it with the actual quality
of used in high pressure polymerisation. Actual        the product to
generate a desired temperature operating temperature depends on the
tempera-       value of the reactor; ture required for thermal
decomposition of cata-   55  temperature sensing means associated with the
lyst to provide free radicals for initiation of     reactor for sensing a
representative temperature polymerisation.
thereof; This reactor operating temperature is well          temperature
control means connected to the above the critical temperature of ethylene.
High    temperature sensing means and the quality con- operating pressures
are therefore required to   60   trol means for comparing the
representative force the ethylene molecules together and ensure
temperature of the reactor with the desired that free radicals will collide
with an ethyl       temperature value therefor to generate a coolant
molecule during their short lifetime. The above-    flow value, the
temperature control means being mentioned operating pressure range is
therefore     connected to the cooling means for controlling used in the
low density polyethylene process.  65   the coolant flow to the reactor in
accordance with    3               EP 0124 333 B1                      4
[err] coolant flow value;                             embodying the
invention for controlling a low 



a  raw material flow regulator in the feed line for  density polyethylene
reactor; regulating an amount of raw material supplied to      Figure 2 is
a block diagram of portions of the the reactor;
apparatus of Figure 1 for product quality control a raw material
concentration sensor in the exit    5    and pressure control; line between
the reactor and the product              Figure 3 is a block diagram of
portions of the separator for sensing an amount of raw material
apparatus of Figure 1 for controlling the addition admixed with product in
the exit line; and          of catalyst to the reactor and the production
rate production rate control means connected to the    of the reactor; raw
material concentration sensor and to the raw    10  Figure 4 is a block
diagram showing elements material flow regulator for receiving a desired
for implementing logic for catalyst addition and production rate as a set
point and comparing it     production rate control in apparatus embodying
with an actual production rate determined as a      the invention; function
of the raw material concentration to         Figure 5 is a block diagram
showing elements generate a raw material feed flow rate value for   15
for implementing logic for product quality control application to the raw
material flow regulator for  in apparatus embodying the invention;
regulating the amount of raw material to the          Figure 6 is a block
diagram  showing an reactor.
ethylene polymerisation reactor with control The control of the coolant
flow in accordance     apparatus in accordance with a further embodi- with
the coolant flow value can enable the reduc-   20   ment of the invention;
and tion of fluctuations in product quality as well as    Figure 7 is a
block diagram showing elements deposits of polymer on walls of the reactor
due to  of a control computer system used in the embodi- excessive cooling.
.   ment of Figure 6. The present invention may be so embodied as
Referring to the drawings, Figure 1 shows a to provide a system or
apparatus and a method    25   control apparatus or arrangement for a
tubular for controlling and optimising a polymerisation     reactor 10
having a feed line 4 for a raw material reactor, particularly a tube
reactor for polyolefin,  which in this case is ethylene. The tubular
reactor and more particularly polyethylene production.      10 is for the
low density polymerisation of Preferred such systems and methods described
ethylene into polyethylene. hereinbelow are applicable to controlling a low
30  An exit line 8 from the reactor 10 supplies a density polyethylene
reaction in a tubular reactor  mixture of ethylene and its polymer to a
product so that product quality is maintained, tempera-     separator or
separator unit 24. In known fashion, ture control is utilised to avoid the
occurrence of  a primary compressor 52 compresses the conditions which may
damage the equipment,          ethylene gas and the gas is further
compressed and a desired production rate is achieved.    35   by a high
pressure compressor 54 before it is The apparatus is preferably so
constructed that   supplied to the reactor 10. a desired production rate
set point can be set        A low pressure recycling arrangement or circuit
manually and utilised in a production controller    generally designated 58
receives low pressure which compares the set point to actual production
recycled ethylene gas from the product separator as determined by raw
material concentration in   40   24 over a line 23 and supplies it to the
feed line 4 the exit line of the reactor, to control all material  upstream
of the primary compressor 52. In a feed flow to the reactor whereby
variations in raw  similar fashion, high pressure recycled gas is material
polymerisation rate is considered to       provided over a line 25 to a
high pressure recycl- avoid fluctuations in the actual production rate.
ing arrangement or circuit generally designated The apparatus preferably
comprises catalyst   45   60 and supplied to a point in the feed line 4
supply means for supplying catalyst to various      upstream of the high
pressure compressor 54. points in the feed line of the reactor, control
being  Complete control of the tubular reactor 10 is effected on the basis
of total feed flow to the     achieved using a product quality control unit
20, a reactor.                                            temperature
control unit 26, a production rate The invention is preferably so
implemented as   so   control unit 46, a catalyst control unit 50 and a to
maximise polymerisation, in particular to max-   pressure control unit 77.
imise ethylene conversion in the manufacturing        Product quality is
controlled by manipulating process for low density polyethylene, by
optimis-   reactor temperature. Moreover, a temperature ing certain process
parameters such as catalyst     control is essential for controlling
ethylene con- flow rate, reactor temperature, coolant flow rate   55
version, removing heat of reaction, and avoiding and reactor exit
temperature.                       reactor tube plugging due to polymer
deposits. Preferred apparatus embodying the invention         As shown in
Figure 1, the quality control unit 20 for controlling and optimising a
polymerisation     receives a product quality set point over a line 47
reactor is simple in design, rugged in construction  and compares it with
an actual product quality and economical to manufacture.                60
sensed by a product quality sensor 22 at a point The invention will now be
further described, by   downstream  of the product separator 24. An way of
illustrative and non-limiting example, with  output of the product quality
control unit 20 reference to the accompanying drawings, in
corresponds to a desired reactor temperature and which:
is applied to the temperature control unit 26 over Figure 1 is a block
diagram  of apparatus   65   a line 28. The desired reactor temperature
func-    5              EP 0124333 B1                      6 tions as a set
point for the temperature control   An output on a line 48 of the
production rate unit 26, which receives an actual temperature     control
unit 46 acts as a set point for. a fresh value from a maximum temperature
unit 34.         ethylene flow controller 14 which controls a 



The temperature control unit 26 may also utilise  valve 16 in the feed line
4. a representative reactor temperature value to    5  In this way,
variations in ethylene polymerisa- generate a desired flow rate value for
coolant to  tion rate are taken into account and the actual be supplied by
a coolant flow valve 40 con-       production rate does not fluctuate
significantly. trolled by a flow controller 38 connected to the  The
production rate control unit 46 includes a temperature control unit 26. The
desired flow     flow controller 49 which receives the desired value is
applied over a line 36 with coolant flow    10   product rate set point
over the line 47. information being provided by a flow transmit-
Catalyst flow from a catalyst supply line 56 is ter 42 back to the flow
controller 38.            controlled by the catalyst control unit 50 which
The maximum  or representative  reactor          supplies catalyst to a
plurality of points (labelled temperature is provided by a plurality of
A and B) on the feed line 4. The amount of temperature sensors 30 for
sensing tempera-   15   catalyst added to the reactor feed stream is a
tures along the length of the reactor 10, and an  function of the quantity
of ethylene entering the input temperature sensor 32.
reactor. The total flow rate is again provided by The control scheme
carried out by the           the summation unit 62. This provides a set
point apparatus of Figure 1 reduces fluctuations in     for a total
catalyst flow controller 64, which product quality since it is the primary
control   20   receives inputs from catalyst flow transmitters variable and
the temperature set point is deter-  84, 86. An output signal from the
controller 64 is mined for a desired product quality. Also, the
proportioned for catalyst flow to the points A desired coolant flow rate is
determined by the    and B over controllers 66 and 68, respectively.
temperature control unit 26 so that excessive       The apparatus or system
in general can be cooling is avoided. This in turn reduces polymer   25
simplified by eliminating sensors whose values deposits in the reactor tube
which result from    are constant due to up/downstream control. For
excessive cooling.                                example, the ethylene
flow pressure is normally Figure 2 shows in greater detail a preferred
held constant, so that a pressure transmitter 9 form of cascade control
system for temperature    can be eliminated as it is shown in Figure 3. A
quality control that can be used in the apparatus   30   temperature
transmitter 11 and an ethylene con- of Figure 1.
centration transmitter 7 are also provided to The desired product quality
is compared with     modify the flow value from the flow transmitter the
actual product quality in the product quality  12 to provide an accurate
value for ethylene control unit 20. A suitable delay between the     flow
for the summation unit 62. Similar signals reactor 10 and the point of
quality measurement   35   are utilised in the recycling arrangements 58 is
applied by a delay element 70. A similar delay  and 60. feature is provided
in the temperature control      Advantages of the above-described
integrated unit 26, which includes a temperature controller  control
apparatus or system for a tubular reac- 72.
tor in the manufacture of low density polyethy- The maximum temperature
unit 34 provides   40   lene, in particular, includes the requirement of
both maximum  and  minimum  temperature           only two set points, one
for quality and one for values for the reactor 10, which values can be
production rate. Consequently, a reduction in provided over lines 74 for
alarm, display and     operator attention is permitted. emergency control
functions. The maximum            A close control of product quality as a
func- temperature value is also provided to the   45   tion of reactor
temperature is also provided, as temperature control unit 26.
well as the maintenance of catalyst addition at a Figure 2 also illustrates
the pressure control   desired level. unit 77, which facilitates discharge
of a polymer-  Close temperature control also reduces the ethylene mixture
from the reactor 10 via a let    occurrence of conditions which may damage
the down valve arrangement comprising valves 76,   so   reactor equipment.
80, 82.                                             The apparatus may be
implemented using Catalyst and production rate control elements    Bailey
7000 Electronic Analog Instrumentation. of the apparatus of Figure 1 are
shown in Figure  A microprocessor based on the Network 90 con- 3. A desired
production rate set point is         trol computer can also be used for
control, manually entered in the production rate control   55   alarm,
calculation and operation interface. Net- unit 46 and an actual production
rate is deter-   work 90 is a trademark of the Bailey Meter Co. mined from
ethylene concentration sensed by a       Figures 4 and 5 illustrate the use
of a Network concentration transmitter 44. The total feed flow  90 control
module (product specification E93- rate for ethylene is also provided to
the produc-  906) for implementing apparatus embodying the tion control
unit 46. For this purpose, a summa-   so   invention. Operator interface
may be provided tion of flows in the high and low recycling       by
Digital Control Stations (product specification arrangements or circuits
58, 60, as well as the   E93-902), which  are dedicated  panel-board feed
flow from a flow transmitter 12, is taken in  devices, or by a CRT based
Operator Interface a summation unit 62 and applied to the produc-    Unit
(product specification E93-901). tion rate control unit 46.
65     The elements in Figures 4 and 5 are labelled 4    7               EP
0124333 B1                       8 with numerals corresponding to those in
Figures        The constraint on total catalyst flow is estab- 1 to 3, and
with symbols to indicate functions to   lished by a maximum  and minimum
flow be achieved by each element.                        allowed, as
follows: Figures 6 and 7, where corresponding numerals 



signify the same or similar parts as in Figures 1 to    5          [err]
(5) 3, show an optimising control apparatus embody- ing the invention for
ethylene conversion.            In the reactor 10, conversion paths for
ethylene In general, control systems are based on a fixed  polymerisation
is a function of several variables, ethylene conversion per pass through
the reactor,   and is functionally given as: due to the importance of heat
removal. The   10 amount of conversion per pass is actually lower
[err]  (6) than the recommended value for plant operation and significantly
lower than plant design values.   where: This is due to the fact that
operating personnel      [err]=ethylene conversion per pass; wish to
maintain reactor operations well within   is  [err]=ethylene concentration
in reactor feed safe limits, which is well justified. Lower conver-
stream; sion per pass however, results in increased plant     [err]
=pre-exponential factor for reaction rate con- operating cost due to
recompression of recycled           stant; gases from low and high pressure
separators, and      [err] =activation energy for reaction rate constant;
interstage cooling during compression.        20      [err] =parameters
related to catalyst charac- The embodiment of the invention as shown in
teristics, which can be determined by Figures 6 and 7 provides an
optimising control               regression analysis of plant operating
which maximises conversion per pass within the               data;
constraints placed by reactor cooling, production     [err]=maximum reactor
temperature (K); rate, polymerisation reaction, and the like.  25
[err]=total feed flow rate (kg/h); To better understand the apparatus, the
follow-     [err]=temperature of reactor feed stream (K); ing process
analysis should be considered.            [err]=temperature of reactor exit
stream (K); The total amount of catalyst to be added to the     [err]=inlet
temperature of reactor coolant; reactor feed stream is a function of feed
flow rate,  [err]=coolant flow rate (kg/h); and maximum reactor temperature
and desired pro-   30     Q=product quality. duct quality. Functionally,
this relationship is      Equation (6) can be obtained from state of the
expressed by:                                       art knowledge as found
for example, in Theory of Free Radical Polymerization, K. S. Bagdasar'yan,
[err]           (1)            1968 and Chemical Engineering Kinetics, J.
M. 35   Smith, McGraw Hill, 1970. where:
The limits on the variables in equation (6) are as [err]=total catalyst
flow rate (kg/h);               follows: [err]=total ethylene flow rate
(kg/h); [err]=maximum reactor temperature (K); and
[err]             (7) QR=desired product quality.                  40
Equation (1) can be obtained either by regres-                    [err]
(8) sion analysis of plant operating data and catalyst data provided by its
manufacturer for a specific                  [err]             (9)
catalyst. It should be noted that operating pressure does   45
[err]         (10) not affect catalyst flow since reactor pressure is fixed
and constant due to compressor operation.                     [err]
(11) Contributions to pressure fluctuations have there- fore been omitted.
As catalyst is added at several points in the feed    50  The quality of
the low density polyethylene is a stream (the points A and B in Figure 6),
the flow at  function of maximum reactor temperature and each point being
given by:                          catalyst addition to the reactor feed
stream. For a given feed flow rate, this relationship is func- [err]
(2)           tionally given as: 55 where: [err]=catalyst flow at a point i
(kg/h); and                         [err]           (12) [err]=fraction of
total flow added at the point i (a constant). Also:
60     Equation (12) can be determined by regression analysis of operating
data. [err]               (3)    One of the objectives of an ethylene manu-
facturing process is to minimise variations in product quality due to
fluctuations in other oper- [err]              (4)     65   ating
variables. Consequently, it is desired that: 5    9              EP 0124333
BI                     10 [err]           (13)           sensor
corresponding to the sensor 44 shown in Figure 1. Reactor temperature data,
from the where:                                            reactor
temperature sensors 30, the input [err]=desired product quality; and
temperature sensor 32 and an output temperature Q=actual product quality.
5    sensor 33, are processed in a block 93 to obtain a 



From equations (12) and (13), we have:           maximum temperature. An
output of the block 93 is provided to the temperature control unit 26 [err]
(14)          which controls flow of coolant over the controller 38 and the
valve in the coolant circuit Low density polyethylene production rate is
10  The outputs from the blocks 92 and 93 are dependent on total feed flow
rate, ethylene con-   provided to a block 96 for obtaining a continuous
centration in the reactor's feed stream and con-   running average of the
processed data. Signals version per pass in the reactor. This relationship
are sampled at intervals of [err] minutes. The is functionally expressed
as:                     outputs of blocks 92, 93 and 96 are also provided
15  to a limit checking block 97 for detecting an alarm [err]         (15)
condition and providing an alarm and emergency control signal over the line
94. Thus, the problem to be overcome in optimis-      An optimisation
program for an optimised pro- ing the reactor control is to maximise
cess model is provided from a process model 99. 20   The process model 99
is established according to [err]                                    the
foregoing process analysis. The optimisation program is executed every AT
with respect to [err] and [err] such that the  minutes, which is greater
than or equal to five following limiations are satisfied:
minutes and less than or equal to 15 minutes. This 25   execution period is
established using the con- [err];                    tinuous running
average data of the block 96 and the desired quantities for the various
parameters [err];                      obtained in an optimisation block
98. The optimisation block 98 thus establishes a [err];                 30
desired catalyst flow rate [err], desired temperature [err], maximum
conversion [err], desired maximum [err] ;                          coolant
flow rate Fq and desired reactor exit temperature [err]. and
The maximum temperature Tm is outputted as a [err]              35
control signal for the temperature control unit 26, acting as a set point.
The temperature control unit A solution to the optimisation problem can be
26 generates the desired coolant flow rate set obtained by a known
optimisation algorithm        point for the flow controller 38, which man-
discussed in Optimisation-Theory and Practice,    ipulates the coolant flow
rate to the reactor 10 as G. S. G. Beveridge and R. S. Schechter, McGraw
40   noted above. Hill, New York, N.Y., 1970.                         In
another embodiment of the invention, the This analysis gives the following
values:        desired coolant flow Fq can be directly outputted catalyst
flow rate [err];                          to the coolant flow rate
controller (not shown), reactor temperature [err];
thus eliminating the temperature control unit 26. coolant flow rate Fq;
45     The maximum conversion signal [err] is provided reactor exit
temperature T2; and                 through a feed flow block 91 where the
desired maximum conversion [err] (value of function f2).  feed flow rate
for the specified product rate is These values are utilised in the control
determined by expression (15) above and output- apparatus or system shown
in Figures 6 and 7.     ted to the feed (fresh ethylene) flow controller
14. The control apparatus utilises a control corm-   50  The maximum
catalyst flow signal [err] is pro- puter 90 which receives inputs from the
various   vided over a block 95 to control catalyst flow to sensors of the
apparatus through analog to digital  the individual points A and B in the
feed stream. (A/D) converters 88. Control outputs from the     Catalyst
flow at each point of addition is deter- control computer 90 to the plant
are interfaced   mined by equation (2) above and values for [err] are
through digital to analog (D/A) converters 89.  55   manually entered. The
output of the block 95 is Signals for alarm, display and emergency con-
provided to the catalyst flow controllers 66 and trol are provided over a
line 94.                 68. Major blocks of the control apparatus or
system   To provide the required signals, in addition to of Figure 6 are
shown in Figure 7.                 the flow transmitter 12 and the ethylene
concen- All measured process signals are converted    60   tration
transmitter 7 on the feed stream 4, an into engineering units and processed
for noise in  oxygen concentration transmitter 18 is provided an
engineering unit conversion block 92, and       since this variable affects
ethylene conversion, as using state of the art methodology. Although not
shown in equation (6) above, as well. shown in Figures 6 and 7, a signal is
also applied to the block 92 from an ethylene concentration    65 6    11
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the feed line, a second raw material flow regulator in the return line (23,
25), and flow summing 1. Apparatus for controlling a polymerisation
means (62; 90) connected to the first-mentioned reactor (10) having a feed
line (4) for a raw       and second raw material flow regulators for
material to be polymerised, cooling means for    5    determining a total
amount of raw material sup- cooling the reactor using a flow of coolant,
and an  plied to the feed line, the flow summing means 



exit line (8) for a product of polymerisation in the  being connected to
the production rate control reactor, the apparatus comprising:
means (46; 90) for providing the production rate a product separator (24)
connected in the exit    control means with a total flow value for raw line
(8) downstream of the reactor (10) for separ-   10   material to the feed
line (4). ating the product from the raw material;              5.
Apparatus according to claim 4, including a quality sensor (22) for sensing
the actual      catalyst supply means (56 etc) connected to at quality of
the product in the exit line (8) down-   least one point (A, B) of the feed
line for supplying stream of the product separator (24);               a
catalyst at a selected catalyst flow rate to the quality control means (20;
90) connected to the    15   feed line, and catalyst control means (50; 90)
quality sensor (22) for receiving a desired product  connected to the
catalyst supply means and to the quality set point and comparing it with
the actual  flow summing means (62; 90) for controlling the quality of the
product to generate a desired        catalyst supply means in accordance
with a total temperature value of the reactor;                   flow of
raw material to the feed line (4). temperature sensing means (30, 34; 30,
93)   20     6. Apparatus according to claim 5, wherein: associated with
the reactor (10) for sensing a        the production rate control means,
the quality representative temperature thereof;                 control
means and the catalyst control means are temperature control means (26)
connected to       constituted by a control computer (90); the temperature
sensing means and the quality        the temperature sensing means
comprises a control means for comparing the representative   25   plurality
of temperature sensors (30) connected to temperature of the reactor with
the desired         the reactor (10) for sensing temperatures along
temperature value therefor to generate a coolant    the reactor, an input
temperature sensor (32) flow value, the temperature control means being
connected to the feed line (4) for sensing the connected to the cooling
means for controlling      temperature of raw material to the reactor, an
the coolant flow to the reactor in accordance with   30   output
temperature sensor (33) connected to the the coolant flow value;
exit line (8) for sensing the temperature of a raw material flow regulator
(14, 16) in the feed  material in the exit line, and a maximum tempera-
line (4) for regulating an amount of raw material   ture block (93) for
determining the maximum supplied to the reactor (10);
temperature of the reactor, the maximum a raw material concentration sensor
(44) in the    35   temperature block (93) being incorporated in the exit
line (8) between the reactor (10) and the      control computer (90);
product separator (24) for sensing an amount of      the flow summing means
includes a flow trans- raw material admixed with product in the exit
mitter (12) in the feed line, a flow transmitter (FT) line; and
in the at least one return line (23,25), and means production rate control
means (46; 90) con-   40   for combining flow values incorporated into the
nected to the raw material concentration sensor     control computer (90);
and (44) and to the raw material flow regulator (14, 16)  the control
computer (90) includes a unit con- for receiving a desired production rate
as a set    version block (92) for receiving signals from the *    point
and comparing it with an actual production    temperature sensors (30, 32,
33) and flow trans- rate determined as a function of the raw material   45
mitters (12, FT) and signals from the raw material concentration to
generate a raw material feed       concentration sensor (44) and the
product quality flow rate value for application to the raw material  sensor
(22), a continuous running average block flow regulator for regulating the
amount of raw    (96) connected to the maximum  temperature material to the
reactor.                            block (93) and the unit conversion
block (92) for 2. Apparatus according to claim 1, wherein the    50
periodically sampling signals from the unit con- temperature sensing means
(30, 34; 30, 93) is       version block and the maximum temperature
operative to sense a maximum temperature of the     block, an optimisation
block (98) connected to the reactor (10) which forms the representative
continuous running average block (96) for receiv- temperature thereof.
ing the sampled signals and receiving the desired 3. Apparatus according to
claim 1 or claim 2,   55   product quality set point, and a process model
wherein the quality sensor (22) is operative to     (99) including
parameters for variables of the sense a concentration of raw material in
the exit   polymerisation process in the reactor (10) and line (8) as a
measure of actual product quality.    connected to the optimisation block
(98) so that 4. Apparatus according to claim 1, claim 2 or     the
optimisation block (98) generates values claim 3, wherein the product
separator (24) is   60   corresponding to maximum reactor temperature,
connected to the exit line (8) downstream of the    maximum coolant flow
rate, maximum total cata- raw  material concentration sensor (44), the
lyst flow rate and maximum production of the apparatus comprising at least
one return line (23,  reactor corresponding to optimal conditions 25)
connected between the product separator (24)   therefor, the optimisation
block (98) being con- and the feed line (4) for returning raw material to
65   nected to the production rate control means for 7    13
EP 0124333 BI                       14 applying the maximum  production
rate value             a first flow transmitter (12) on the feed line (4);
thereto to control the raw material flow regulator    a second flow
transmitter (FT) on the at least (14, 16), and the optimisation block (98)
being     one olefin return line (23, 25); connected to the catalyst
control means for           catalyst supply means (56, etc) including a
applying said maximum catalyst flow rate thereto    5    catalyst flow
valve connected to the feed line (4) to control the amount of catalyst
added to the      for supplying catalyst to the feed line; feed line (4).
a catalyst flow controller (66, 68) connected to 



7. Apparatus according to claim 6, wherein the    the catalyst flow valve
for control thereof; control computer (90) includes a limit checking
a first temperature sensor (32) in the feed line block (97) connected to
the unit conversion block   10   (4) upstream  of the reactor (10), a
second (92), the continuous running average block (96),    temperature
sensor (33) in the exit line (8) the maximum temperature block (93) and the
between the reactor (10) and the separator (24) optimisation block (98) for
checking limits of      and a plurality of third temperature sensors (30)
values therefrom and generating an alarm signal     connected to the
reactor (10); and upon diversion of signals from the limits therefor.   15
a control computer (90) connected over analog 8. Apparatus according to
claim 1, claim 2 or     to digital converters (88) to each of the sensors
claim 3, for controlling a tubular olefin polymeri-  (32, 33, 30) and
transmitters (12, FT), and con- sation reactor (10) having at least one
compressor  nected over digital to analog converters (89) to (52, 54) in
the feed line (4) for compressing the   each of the controllers (14, 66,
68), the control olefin, and at least one return line (23, 25) for   20
computer (90) including means (98) for optimis- returning separated olefin
to the feed line (4)     ing once through polymer production in the
upstream of the at least one compressor (52, 54),   reactor (10) by
maximising permitted maximum and wherein the temperature control means (26)
temperature values for the reactor, coolant flow is connected to the
quality control means (20; 90)  values for the reactor, catalyst flow
values for the for receiving desired temperature set point there-   25
reactor and quality values for the reactor. from, the apparatus comprising:
10. Apparatus according to claim 8 or claim 9, a first flow transmitter
(12) in the feed line (4)  wherein the raw material flow regulator com- for
sensing flow of olefin to the reactor (10);     prises an olefin flow valve
(16) in the feed line (4) at least one second flow transmitter (FT) in the
for controlling the flow of olefin to the reactor return line (23, 25) for
sensing flow of olefin   30   (10), and an olefin flow controller (14)
connected returned from the separator (24);                   to the olefin
flow valve (16) for controlling flow of flow means connected to the reactor
(10) for      olefin supplied through the feed line (4). supplying the
reactor with a flow of coolant; a coolant flow controller (38) connected to
the   Patentansprrache coolant flow means;                           35 a
maximum temperature sensing means (30,            1.
Polymerisationsreaktorsteuerapparat (10) mit 34; 30, 93) connected to the
reactor (10) for       einer Zufuhrleitung (4) fOr ein zu polymerisieren-
determining the maximum temperature thereof,        des Rohmaterial, einer
Kuhleinrichtung zum Kuh- the maximum temperature sensing means being
len des Reaktors unter Verwendung eines Kuhl- connected to the temperature
control means (26),   40   mittelflusses und einer Ausgangsleitung (8) fOr
and the temperature control means (26) being        ein
Polymerisationsprodukt in dern Reaktor, operative to compare the maximum
temperature        wobei der Apparat aufweist: with the desired temperature
set point to control     einen Produktabscheider (24), welcher in der the
coolant flow controller (28) for establishing   Ausgangsleitung  (8)
stromabwarts von dem the desired temperature of the desired tempera-   45
Reaktor (10) angeschlossen ist zum Abscheiden ture set point in the reactor
to avoid overcooling  des Produktes von dern Rohmaterial; of the reactor
and fouling of the reactor by          einen Qualititssensor (22) zum
Abfuhlen der polymerisation product;                             jeweiligen
Qualitat des Produktes in der Aus- catalyst supply means (56, etc)
connected to at   gangsleitung (8) stromabwArts von dem Produk- least one
point (A, B) on the feed line (4) for   so   tabscheider (24); supplying a
flow of catalyst to the feed line; and    eine Qualitatssteuereinrichtung
(20; 90), welche catalyst control means (50; 90) connected to the  mit dem
QualitAtssensor (22) verbunden ist zum first and second flow transmitters
(12, FT) and     Emfang eines gewOnschten  Produktqualitbts- connected to
the catalyst supply means (56, etc)    Sollwertes und zum Vergleich
desselben mit der for regulating flow of catalyst to the feed line (4)   55
aktuellen Qualitit des Produktes, urn einen as a function of olefin flow to
the feed line.      gewunschten Temperaturwert des Reaktors zu 9. Apparatus
according to claim 1, claim 2 or     erzeugen; claim 3, for optimally
controlling a tubular olefin   Temperaturfuhlereinrichtungen (30, 34;
30,93), polymerisation reactor (10) having at least one     welche mit dem
Reaktor (10) verknrlpft sind, um olefin return line (23, 25) connected
between the    60   dessen charakteristische Temperatur abzufuhlen;
separator (24) and the feed line (4) for returning    sine
Temperatursteuereinrichtung (26), welche olefin to the feed line, and at
least one corm-     mit den Temperaturffhlereinrichtungen und der pressor
(52, 54) on the feed line (4) for compres-  Qualitgtssteuereinrichtung
verbunden ist zurn sing olefin to be supplied to the reactor (10), the
Vergleich der charakteristischen Temperatur des apparatus comprising:
65   Reaktors mit dem fOr diesen gewunschten Tem- 8~~~~ I           Mll~
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peraturwert, um  einen KuhImittelfluBwert zu      zum  Steuern der
Katalysatorzufuhreinrichtung erzeugen, wobei die Temperatursteuereinrich-
entsprechend dem GesamtfluB von Rohmaterial tung mit der Kuhleinrichtung
zum Steuern des     zu der Zufuhrleitung (4). KuhImittelflusses zu dem
Reaktor entsprechend      6. Apparat nach Anspruch 5, wobei: dem
Kuhimittelflugwert verbunden ist;        5     die
Produktionsratensteuereinrichtung,  die einem Rohmaterialflulregulierer
(14, 16) in der  Qualitatskontrolleinrichtung und die Katalysator-
Zufuhrleitung (4) zum Regulieren einer Rohmate-  steuereinrichtung von
einem  Steuercomputer rialmenge, welche dem Reaktor (10) zugefuhrt     (90)
gebildet werden; 



wird;                                              die
TemperaturFuhlereinrichtungen eine Mehr- einen.
Rohmaterialkonzentrationsfuhler (44) in   10   zahl von Temperatursensoren
(30) aufweisen, der Ausgangsleitung (8) zwischen dem Reaktor      welche
mit dem Reaktor (10) verbunden sind zum (10) und dem Produktabscheider (24)
zum Abfuh-    Abfuhlen derTemperaturen entlang des Reaktors, len einer
Rohmaterialmenge, welche dem Pro-       einen Eingangstemperatursensor (32)
aufweist, dukt in der Ausgangsleitung beigemischt ist; und  welcher an die
Zufuhrleitung (4) angeschlossen eine Produktionsratensteuereinrichtung
(46;   15  ist zum Abfuhlen der Temperatur des Rohmate- 90), welche mit dem
Rohmaterialkonzentrations-   rials zu dem Reaktor, einen
Ausgangstemperatur- sensor (44) und dem RohmaterialfluBregulierer    sensor
(33) aufweist, welcher an die Ausgangslei- (14, 16) verbunden ist zum
Empfang einer        tung (8) angeschlossen ist zum Abfuhlen der
gewulnschten Produktionsrate als Sollwert und     Temperatur des Materials
in der Ausgangslei- zum Vargleich desselben mit einer aktuellen Pro-   20
tung, und einen Maximaltemperaturblock (93) duktionsrate, welche als
Funktion der Rohmate-    aufweist zum Bestirilmen der Maximaltemperatur
rialkonzentration bestimmt wird, um einen Wert    des Reaktors, wobei der
Maximaltemperaturblock fOr die ZufluBrate des Rohmaterials zu erzeugen
(93) in den Steuercomputer (90) eingearbeitet ist; zur Verwendung fur den
Rohmaterialflulregulie-     die FluBsummierungseinrichtung einen FluB- rer
zum Regulieren der Rohmaterialmenge fOr   25   ubertrager (12) in der
Zufuhrleitung einschlieft, den Reaktor.
sowie einen FluBrbertrager (FT) in zumindest 2. Apparat nach Anspruch 1,
wobei die Tempe-    einer Ruckfihrleitung 123, 25) und einer Einrich-
raturf0hlereinrichtungen (30, 34; 30, 93) so     tung zum Kombinieren der
FluBwerte, welche in betreibbar sind, daB sie eine Maximaltemperatur   den
Steuercomputer (90) eingearbeitet ist; und des Reaktors (10) abfuhlen,
welche dessen cha-   30  der Steuercomputer (90) einschlielt: einen Ein-
rakteristische Temperatur bildet.                 heitsumsetzungsblock (92)
zum  Empfang der 3. Apparat nach Anspruch 1 oder 2, wobei der    Signale
von den TemperaturfOhlern (30, 32, 33) Qualitatssensor (22) so betreibbar
ist, daB er eine  und den Flu~ubertragern (12, FT) und der Signale
Konzentration von Rohmaterial in der Ausgangs-   von dem
Rohmaterialkonzentrationssensor (44) leitung (8) als MaB der jeweiligen
Produktqualitat   35   und dem Produktqualitatssensor (22), einen konti-
abfuhIt.                                          nuierlich laufenden
Mittelungsblock (96), welcher 4. Apparat nach einem der Anspruche 1 bis 3,
mit dem Maximaltemperaturblock (93) und dem wobei der Produktsabscheider
(24) mit der Aus-    Einheitsumsetzungsblock (92) verbunden ist zum
gangsleitung (8) stromabwarts von dem Rohma-      periodischen Abtasten der
Signale von dem Ein- terialkonzentrationssensor (44) verbunden ist, der
40   heitsumsetzungsblock und dem Maximaltempe- Apparat zumindest eine
Rulckf0hrleitung (23, 25)  raturblock, einen Optimierungsblock (98),
welcher aufweist, welche zwischen dem Produktabschei-     mit dem
kontinuierlich laulbnden Mittelungsblock der (24) und der Zufuhrleitung (4)
angeschlossen  (96) verbunden ist zum Empfang der abgetasteten ist zum
Zuruckfuhren von Rohmaterial zu der      Signale und zum Empfang des
gewunschten Pro- Zufuhrleitung, einen zweiten RohmaterialfluBre-   45
duktqualitits-Sollwertes, und ein Verfahrens- gulierer in der
ROckfuhrleitung (23, 25) und eine  schema (99), welches Parameter fOr
Variable des Flutsummierungseinrichtung (62; 90) aufweist,
Polymerisationsverfahrens in dem Reaktor (10) welche mit an dem zuerst
erwahnten und dem       enthalt und mit dem Optimierungsblock (98) ver-
zweiten RohmaterialfluBregulierer zum Festlegen   bunden ist, so daB der
Optimierungsblock (98) einer Gesamtmenge von Rohmaterial verbunden   so
Werte erzeugt, welche der maximalen Reaktort- ist, welches der
Zuf0hrleitung zugefuhrt wird,   emperatur, der maximalen
KI(himittelfluBrate, wobei die FluBsummierungseinrichtung an die       der
maximalen GesamtfluBrate fOr den Katalysa-
Produktionsratensteuereinrichtung (46; 90) ange-  tor und der maximalen
Produktion des Reaktors schlossen ist, um die Produktionsratensteuerein-
entsprechend optimalen Bedingungen hierfur richtung mit einem
GesamtfluBwert von Rohma-   55   entspricht, wobei der Optimierungsblock
(98) mit terial zu der Zufuhrleitung (4) zu versehen.      der
Produktionsratensteuereinrichtung verbun- 5. Apparat nach Anspruch 4,
welcher ein-        den ist zum Verwenden des maximalen Produkts- schlieft:
emne Katalysatorzufuhreinrichtung (56  ratenwertes fur diese zum Steuern
des Rohmate- etc.), welche an mindestens einem Punkt (A, B)
rialfliegregulierers (14, 16) und wobei der Opti- der Zufuhrleitung
angeschlossen ist fOr die   60   mierungsblock (98) mit der
Katalysatorsteuerein- Zufuhr eines Katalsators mit einer ausgewghiten
richtung verbunden ist zum Verwenden der maxi- KatalysatorfluBrate zu der
Zufuhrleitung, und eine  malen Katalysatorflul3rate fOr diese zum Steuern
Katalysatorsteuereinrichtung (50; 90), welche mit  der Katalysatormenge,
welche der Zufuhrleitung der Katalysatorzufuhreinrichtung und der Flug-
(4) zugefugt wird. summierungseinrichtung (62; 90) verbunden ist  65  7.
Apparat nach Anspruch 6, wobei der Steuer- 9 1.1111111 a..-111 11111111
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'tV puter (90) einschliel3t: einen Grenzwertuber-   tung (4) angeschlossen
ist, zum RuckfOhren von wachungsbiock (97), welcher mit dem Einheits-
Olefin in die Zufuhrleitung sowie mindestens umsetzungsblock (92), dem
kontinuierlich laufen-    einen Kompressor (52, 54) an der Zufuhrleitung
den Mittelungsblock (96), dem Maximaltempera-       (4) hat zum
Zusammenpressen des Olefins, turblock (93) und dem Optimierungsblock (98)
5    welches dem Reaktor (10) zugefujhrt werden soil, verbunden ist zum
Uberprufen von deren Gren-        wobei der Apparat aufweist: zwerten und
zum Erzeugen sines Alarmsignals,         einen ersten FluBubertrager (12)
an derZufuhr- 



wenn Signals ihre Grenzwerte Oberschreiten.         leitung (4); 8. Apparat
nach Anspruch 1, 2 oder 3 zum            einen zweiten FlulCubertrager (FT)
an der min- Steuern eines rohrf6rmigen Olefinpolymerisa-   :o   destens
einen Olefinruckfuhrleitung (23, 25); tionsreaktors (10), welcher zumindest
einen Kom-      eine Katalysatorzufuhreinrichtung  (56 etc.), pressor (52,
54) in der Zufuhrleitung (4) zum      welche ein KatalysatorfluBventil
einschlie~t, das Zusammenpressen des Olefins sowie mindestens        mit
der Zufuhrleitung (4) verbunden ist fur die eine Ruckfuhrleitung (23, 25)
hat zu ZurOckfuhren   Zufuhr von Katalysator zu der Zufuhrleitung; des
abgetrennten Olefins zu de Zufuhrleitung (4)   75  eine
KatalysatorfluBsteuerung (66, 68), welche stromaufwirts von mindestens
einem Kompres-         mit dem Katalysatorflugventil zur Steuerung des- sor
(52, 54) und wobei die Temperatursteuerein-     selben verbunden ist;
richtung (26) mit der Qualitatskontrolleinrichtung   einen ersten
Temperaturfuhler (32) in der (20; 90) verbunden ist zum  Empfang sines
Zufuhrleitung (4) stromaufwarts von dem Reaktor gewOnschten
Temperatursollwertes von dieser,   20   (10), einen zweiten
Temperaturfuhler (33) in der wobei der Apparat aufweist:
Ausgangsleitung (8) zwischen dem Reaktor (10) einen ersten Flugubertrager
(12) in der Zufuhr-   und dem Abscheider (24) und sine Vieizahl von leitung
(4) zum Abfuhlen des Olefinflusses zum      dritten TemperaturfOhlern (30),
welche an den- Reaktor (10);                                       Reaktor
(10) angeschlossen sind; und mindestens einem zweiten FluMubertrager (FT)
25   einen Steuercomputer (90), welcher uber Ana- in der Rfckfulhrleitung
(23, 25) zum Abfuhlen des   log/Digitalwandler (88) mit jedem der FOhler
(32, von dem Abscheider (24) zuruckgef0hrten Olefin-     33,30) und
Obertrager (12, FT) verbunden ist und flusses;
uber Digital/Analogwandler mit jeder der Steue- eine FluBeinrichtung,
welche mit dem Reaktor      rungen (14, 66, 68) verbunden ist, wobei der
(10) verbunden ist zum Versorgen des Reaktors   30   Steuercomputer (90)
eine Einrichtung 198) ein- mit einem KOhimittelfluB;
schlie~t, um einmal durchgehend die Polymer- einen KuhimittelfluBsteuerer
(38), welcher mit    produktion in dem Reaktor (10) zu optimieren der
KIhImittelfluBeinrichtung verbunden ist;        durch Maximieren der
zulassigen Maximalwerte eine Maximaltemperaturabfuhleinrichtung (30,
fMr die Temperatur des Reaktors, des Kuhimittel- 34; 30, 93), welche mit
dem Reaktor (10) verbun-   35   flusses fOr den Reaktor, des
Katalysatorflusses fOr den ist zum Bestimmen von dessen Maximaltem-
den Reaktor und der Qualitatswerte fur den Reak- peratur, wobei die
Maximaltemperaturabfuhlein-     tor. richtung mit der
Temperatursteuereinrichtung         10. Apparat nach Anspruch 8 oder 9,
wobei der (26) verbunden ist, und die Temperatursteuerein-
Rohmaterialflulregulierer ein  OlefinfluBventil richtung (26) so betreibbar
ist, daB sis die Maxi-   40   (16) in der Zufuhrleitung (4) aufweist zum
Steuern maltemperatur mit dem gewunschten Tempera-         des
Olefinflusses zu dem Reaktor (10) sowie sins tursollwert vergleicht, um
die KUhlmittelflug-     Olefinfluisteuerung (14), welche mit dem Olefin-
steuerung (38) zu steuern, Lrm die gewunschte-  *  flugventil (16)
verbunden ist zum Steuern des Temperatur des gewunschten Temperatursoll-
Flusses von Olefin, welches durch die Zufuhrlei- wertes in dem Reaktor
einzustellen, um ein zu   45   tung (4) zugefuhrt wird. starkes Kuhlen des
Reaktors und ein Verkrusten des Reaktors mit Polymerisationsprodukt zu ver-
Revendications meiden; eine Katalysatorzufuhreinrichtung  (56 etc.),
1. Appareil en vue de commander un r6acteur welche an mindestens einem
Punkt (A, B) an der   60   de polym6risation (10) poss6dant une canalisa-
Zufuhrleitung (4) fOr die Zufuhr eines Katalysator-  tion d'alimentation
(4) pour une matiere premiere flusses zu der Zufuhrleitung angeschlossen
ist;     a polym6riser, des moyens de refroidissement en und
vue de refroidir le r6acteur en utilisant une circu- eine
Katalysatorsteuereinrichtung  (50; 90),     lation de r6frig6rant, et une
canalisation de sortie welche an den ersten und den zweiten FluBuber-   55
(8) pour un produit de polymerisation dans le trager (12, FT) sowie an die
Katalysatorzufuhrein-  r6acteur, appareil comportant: richtung (56 etc.)
angeschlossen ist zum Regulie-    un s6parateur de produit (24) raccorde a
la ron sines Katalysatorflusses zu der Zufuhrleitung  canalisation de
sortie (8) en aval du reacteur (10) (4) als Funktion des Olefinflusses in
der Zufuhrlei-  en vue de s6parer le produit de la matiere pre- tung.
-           60   miere; 9. Apparat nach Anspruch 1, 2 oder 3 zum
un capteur de qualite (22) en vue de d6tecter la optimalen Steuem  eines
rohrf6rmigen Olefin-       qualite r6elle du produit dans la canalisation
de polymerisationsreaktors (10), welcher zumindest    sortie (8) en aval du
separateur de produit (24); eine OlefinruckfOhrleitung (23, 25) hat, welche
des moyens de controle de qualite (20; 90) zwischen dem Abscheider (24) und
der Zufuhrlei-   65   raccordes au capteur de qualite (22) en vue de 10
1 I!II11J 1111!1 11111 11111 11 1111    ,6duit       ~~~19            EP 0
124 333  BI                   20 =ovoir un point de consigne de qualite de
matiere premiere delivree a la canalisation d'ali- -Zduit d6esir6o et en
vue de la comparer A la       mentation, les moyens de sommation d'ecoule-
qualit6 reelle du produit pour engendrer une       ment etant relies aux
moyen sde contrdle de taux valeur de temperature desiree du reacteur;
de production (46; 90) pour appliquer aux des moyens de d6tection de
temperature (30,   5    moyens de contrdle de taux de production une 34;
30,93) associes au r6acteur (10) pour detecter  valeur de debit total de
matiere premiere vers la une temperature representative de celui-ci;
canalisation d'alimentatbon (4). des moyens de commando de temperature (26)
5. Appareil selon la revendication 4, compre- 



relids aux moyens de d6tection de temperature et   nant des moyens
d'alimentation en catalyseur (56 aux moyens de controle de qualite en vue
de   :0   etc.) reli6s A au moins un point (A, B) de la comparer la
temperature representative du r6ac-    canalisation d'alimentation en vue
de d6livrer un tour A la valeur de temperature desiree A cot effet
catalyseur A un debit de catalyseur choisi 3 la pour engendrer une valeur
de d6bit de refrig6-     canalisation d'alimentation, et des moyens de
rant, les moyens de commando de temperature        controle de catalyseur
(50; 90) relies aux moyens etant relies aux moyens de refroidissement en
15   d'alimentation en catalyseur et aux moyens de vue de commander le
d6bit de r6frigerant vers le   sommation de debit (62; 90) en vue de
contr6ler reacteur conformement 3 la valour de debit de      les moyens
d'alimentation en catalyseur confor- r6frig6rant;
mement A un d6bit total de matiere premiere vers un r6gulateur d'6coulement
de matiere pre-      la canalisation d'alimentation (4). miere (14, 16)
dans la canalisation d'alimentation    20  6. Appareil selon la
revendication 5, dans (4) en vue de r6guler une quantite de matiere
lequel: premiere ddlivr6e au r6acteur (10);                 les moyens de
contr6le de taux de production, un capteur de concentration de matiere pro-
les moyens de contr le de qualit6 et les moyens miere (44) dans la
canalisation de sortie (8) entre  de contrdle en catalyseur sont constitues
par un le r6acteur (10) et le separateur de produit (24) en   25
calculateur de controle (90); vue de detecter une quantite de matiere
premiere    les moyens de detection de temperature com- melang6e au produit
dans la canalisation de        portent-un ensemble de capteurs de
temperature sortie; et                                        (30) reli6s
au r6acteur (10) en vue de d6tecter des des moyens de contrdle de taux de
production     temperatures le long du r6acteur, un capteur de (46; 90)
relies au capteur de concentration de   30   temperature d'entree (32)
reli6 A la canalisation matiere premiere (44) et au r6gulateur d'6coule-
d'alimentation (4) en vue de d6tecter la temp6ra- ment (14, 16) en vue de
recevoir un taux de        ture de matire premiere dirig6e vers le
r6acteur, production desir6 en tant quo point de consigns    un capteur de
tempbrature de sortie (33) reli6 3 la et un vue de la comparer A un taux de
production   canalisation de sortie (8) en vue de d6tecter la r6el
d6termind en fonction de la concentration en   35   temperature du mat6riau
dans la canalisation de matibre premibre pour ongendrer une valeur de
sortie, et un block de temperature maximale (93) d6bit d'alimentation en
matibre premiere pour      en vue de determiner la temperature maximale une
application au r6gulateur. d'6coulement de     du reactour, le bloc de
temperature maximale (93) matibre premiere en vue de reguler la quantite de
etant incorpor6 au calculateur de controle (90); matibre premiere delivree
au r6acteur.       40    les moyens de sommation d'ecoulement com- 2.
Appareil selon la revendication 1, dans lequel  prennent un transmetteur de
debit (12) dans la les moyens de d6tection de temperature (30, 34;
canalisation d'alimentation, un transmetteur de 30, 93) d6tectent une
temperature maximale du      debit (FT) dans ladite au moins une
canalisation r6acteur (10) qui constitue la temperature repre-  de retour
(23, 25), et des moyens en vue de sentative de colui-ci.
45   combiner des valeurs de d6bit incorpores au 3. Appareil selon la
revendication 1 ou la reven-  calculateur de controle (90); et dication 2,
dans lequel le capteur de qualite (22)  le calculateur de contr6le (90)
comprend un d6tecte une concentration de matiere premiere      bloc de
conversion d'unit6s (92) en vue de rece- dans la canalisation de sortie (8)
en tant quo     voir des signaux des capteurs de temperature (30, mesure de
quaiit6 de produit r6elle.         so   32, 33) et des transmetteurs de
debit (12, FT) et 4. Appareil selon la revendication 1, la revendi-  des
signaux provenant du capteur de concentra- cation 2 ou la revendication 3,
dans loquel le    tion de matibre premiere (44) et du capteur de s6parateur
de produit (24) est relie A la canalisa-  qualite de produit (22), un bloc
de moyenne de tion de sortie (8) en aval du capteur de concentra-
d6roulement continue (96) relie au bloc de tempe- tion de matibre premibre
(44), I'appareil compor-   55   rature maximale (93) et au bloc de
conversion tant au moins une canalisation de retour (23, 25)  d'unit6s (92)
en vue d'echantillonner periodique- connectee entre le separateur de
produit (24) et la  ment des signaux provenant du bloc de conver-
canalisation d'alimentation (4) un vue de retour-  sion d'unit6s et du bloc
de temperature maxi- ner de la matiere premiere A la canalisation
male, un bloc d'optimisation (98) relie au bloc de d'alimentation, un
second regulateur d'ecoule-   so   moyenne de deroulement continu (96) en
vue de ment de matiere premiere dans la canalisation de   recevoir les
signaux echantillonnes et de recevoir retour (23, 25), et des moyens de
sommation        le point de consigns de qualite de produit desiree,
d'bcoulement (62; 90) relies aux premier et        et un modele de
processus (99) comprenant des second regulateurs d'ecoulement de matiere
pre-    parametres pour des variables du processus de mibre en vue de
determiner une quantite total de   65   polym6risation dans I6 reacteur
(10) et relie au I II! 111 11II1 111,11 1! II *II .                  _ N--
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de sorte que le bloc        etc.) reli6s A au moins un point (A,B) sur la
d'optimisation (98) engendre des valeurs corres-     canalisation
d'alimentation (4) en vue de d6livrer pondant A la temperature de reacteur
maximale,       un d6bit de catalyseur a la canalisation d'alimenta- au
d6bit maximum de r6frigerant, au d6bit maxi-     tion; mum total de
catalyseur et A la production maxi-    5  des moyens de controle de
catalyseur (50; 90) male du r6acteur correspondant a des conditions
relies aux premier et second transmetteurs de optimales A cet effet, le
bloc d'optimisation (98)   debit (12, FT) et relies aux moyens
d'alimentation 6tant reli6 aux moyens de contrdle de taux de        en
catalyseur (56, etc.) pour r6guler le d6bit de 



production pour y appliquer la valeur de taux de     catalyseur vers la
canalisation d'alimentation (4) production maximum pour contr6ler le
r6gulateur   10   en fonction du d6bit d'ol6fine vers la canalisation
d'6coulement de matiere premiere (14, 16), et le     d'alimentatioh. bloc
d'optimisation (98) etant relie aux moyens de     9. Appareil selon la
revendication 1, la revendi- contr6le de catalyseur pour y appliquer ledit
debit  cation 2 Ou la revendication 3, en vue de contr6ler maximum de
catalyseur en vue de commander la         de fagon optimale un r6acteur de
polymerisation quantit6 de catalyseur ajout6e a la canalisation    15
d'ol6fine tubulaire (10) possedant au moins une d'alimentation (4).
canalisation de retour d'ol6fine (23, 25) mont6e 7. Appareil selon la
revendication 6, dans lequel  entre le s6parateur (24) et Is canalisation
d'ali- le caleulateur de contr6le (90) comprend un bloc     mentation (4)
en vue de retourner l'olefine a la de contr8le de limite (97) reli6 au bloc
de conver-  canalisation d'alimentation, et au mains un com- sion d'unit6s
(92), au bloc de moyenne de derou-   20    presseur (52, 54) sur la
canalisation d'alimenta- lement continu (96), au bloc de temperature
tion (4) pour comprimer l'ol6fine A d6livrer au maximum (93) et au bloc
d'optimisation (98) en       reacteur (10), I'appareil comportant: vue de
contr6lor les limites de velours de coux-ci     un premier transmetteur de
d6bit (12) sur Ia et engendrer un signal d'alarme lors d'un ecart
canalisation d'alimentation (4); des signaux par rapport aux limites a cot
effet.  25   un second transmetteur de d6bit (FT) sur ladite 8. Appareil
selon la revendication 1, la revendica-  au mains une canalisation de
retour d'ol6fine (23, tion 2 Ou la revendication 3, en vue de controler un
25); reacteur de polymerisation d'ol6fine tubulaire (10)    des moyens
d'alimentation en catalyseur (56, pos6dant au mains un compresseur (52, 54)
dans       etc.) comprenant une soupape d'ecoulement de la canalisation
d'alimentation (4) pour comprimer   30   catalyseur reli6e a Ia
canalisation d'alimentation l'ol6fine, et au mains une canalisation de
retour    (4) en vue de d6livrer un catalyseur A la canalisa- (23, 25) en
vue de retourner l'ol6fine separee a la  tion d'alimentation; canalisation
d'alimentation (4) en amont dudit au      un contr6leur de debit de
catalyseur (66,68) reli6 mains un compresseur (52, 54), et dons lequel les
a la soupape de catalyseur pour son contr6le; moyens de contr6le de
temperature (26) sont relies   35  un premier capteur de temperature (32)
dans la aux moyens de controle de qualite (20; 90) pour en   canalisation
d'alimentation (4) en amont du r6ac- recevoir un point de consigne de
temperature         tour (10), un second capteur de temperature (33)
d6siree, l'appareil comportant:                      dans la canalisation
de sortie {8) entre le r6acteur un premier transmetteur de d6bit (12) dons
la      (10) et le s6parateur (24) at un ensemble de canalisation
d'alimentation (4) pour d6tecter un    40   troisiemes capteurs de
temperature (30) relies au d6bit d'ol6fine vers le r6acteur (10);
reacteur (10); et au mains un second transmetteur de d6bit (FT)        un
calculateur de contr6le (90) relie par l'inter- dans la canalisation de
retour (23, 25) pour detec-  m6diaire de convertisseurs analogiques-
num6ri- ter un d6bit d'ol6fine retourn6 depuis le separa-    ques (88) A
chacun des capteurs (32,33,30) et des tour (24);
45   transmetteurs (12, FT), et reli6 par l'intermediaire des moyens
d'dcoulement de refrig6rant relies      de convertisseurs numeriques-
analogiques (89) a au r6acteur (10) en vue d'alimenter le r6acteur
chacun des contrOleurs (14, 66, 68), le calculateur avec un d6bit de
r6frigerant;                        de contr6le (90) comprenant des moyens
(98) en un contr6leur de d6bit de refrig6rant (38) relie   vue d'optimiser
une production de polymere par aux moyens d'6coulement de r6frigerant;
so   un soul passage dans le r6acteur (10) en maximi- des moyens de
d6tection de temperature maxi-       sent les valeurs de temperature
maximum per- mum (30,34; 30,93) reli6s au r6acteur (10) en vue    mises
pour le r6acteur, les valeurs d'ecoulement de determiner la temperature
maximale de celui-      de r6frig6rant pour le r6acteur, les valours
d'ecou- ci, les moyens de d6tection de temperature maxi-    lement de
catalyseur pour le reacteur et les mum etant reli6s aux moyens de contr6le
de    55   valeurs de qualite pour le r6acteur. temperature (26), et les
moyens de contr6le de         10. Appareil selon Is revendication 8 ou la
temperature (26) agissant en vue de comparer la      revendication 9, dans
lequel le r6gulateur d'ecou- temperature maximum au point de consigne de
lement de matiere premiere comporte une sou- temperature d6sir6e pour
commander le contr6-        pape d'ol6fine (16) dans la canalisation
d'alimen- lour de debit de refrig6rant (38) pour etablir la   60   *tation
(4) en vue de contr6ler le d6bit d'olefine temperature d6siree du point de
consigne de          vers le reacteur (10), at un contr6leur de debit
temperature d6sir6e dans le r6acteur afin d'6viter   d'ol6fine (14) relie A
la soupape d'6coulement un surrefroidissement du r6acteur et 1'encrasse-
d'ol6fine (16) en vue de contr6ler un ecoulement ment de celui-ci par le
produit de polymerisation;   d'ol6fine d6livr6e par l'interm6diaire de la
canali- des moyens d'alimentation en catalyseur (56,   65   sation
d'alimentation (4). 12    


