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A METHOD OF CONTROLLING A EYDROFORMYLATION REACTION

The present in§ention relates to a method of
controlling production ratio of normal aldehyde and
iscaldehyde of a formed product by controlling the
partial pressure of CO in a reaction system, in a
hydrbformylation reaction wherein an oxo gas containing
hydrogen and carbon monoxide (CO) and an olefin.

A process has conventionally been adopted wherein an
aldehyde containing normal aldehyde and isoaldehyde is
formed by a hydroformylation reaction of which raw
material is an oxo gas and an olefin. .

. f \-.\
method has been known wherein the production ratios of

In this process, a

normél aldehyde and isocaldehyde (hereinafter production
ratio of aldehyde) is controlled to desired values, by
controlling the paxtiél pressure qf CO in a recycled gas
by adjusting the partial pressure (concentrétion) of CO
in the oxo gas.

Figure 1 sths a system diagram as an outline diagram
of a general process wherein the hydroformylation

reaction is berformed.' In Figﬁre 1, the system is
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i seal deliyde of a formed product by controlling the partial pressure of CO

In a reaction system in a hydrofornylation reaction wherein an oxo gas
cont ai ning hydrogen and carbon nonoxi de (CO and an olef|ﬁhs$wa}mABﬂhR&%§

has conventionally been adopted wherein an al dehyde conta|
al dehyde and isoal dehyde is forned by a hydrofornylation r
raw material is an oxo gas and an olefin. In this process,

been known wherein the production ratios-of —nornal aldehyde and
I soal dehyde (hereinafter production ratlo of al dehyde) is controlled to

desired val ues, ¥;ged with a hydroformylatlon reactor 1 and a
gas/liquid separator 2. The reactor 1 is supplied with
raw materials and a catalyst respectively from an olefin
sﬁpply line 11, an oxo gas supply line 12 and a catalyét

5 supply line 14. A gaseous recycled gas separated at the
.gas/liquid separator 2 is égain returned to the reactor 1
_through a recycled gas supply line 13, and an aldehyde is
produced by reaction with an olefin which is a raw
material. The produced aldehyde is withdrawn from an

10 aldehyde product withdrawing line 15. A discharge
control valve 9 which is set to preﬁent the accumulation
of inert gas components such as methane, is
intermittently operated to purge a portion of the
recycled gas. |
15 A target value of the partial pressure of CO in the
recycled gas is providgd in correlation to a desired
production ratio of aldehyde. A control of the partial
pressure of CO in the oxo gas which is a raw material is
performed for controlling the partial pressure of CO in
20 the recycled gas based on the target value. A control of
| a supplied feed hydrogen rate is performed by, for
instance, a PID (proportion, integration and
differentiation) control devicé, since the control of the
~ partial pressure of CO is possible by adjusting the feed

25 hydrogen rate which is introduced into the oxo gas

- through a hydrogen supbly line 16.

The production ratio of aldehyde is often changed in



COﬂde]iing the partial pressure of COin a recycled gas by adjusting the

parti al.

pressure (concentration) of CO in the oxo gas. Fi gure 1 shows

a syst-ém di agram as. an outline diagram of a general process wherein the
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reaction is performed. |In Figure 1, the systemis
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accordance with the demand.of product. In such a case,
the target value of the partial pressure of CO in the
reqycled gas is newly determined based on the new
production ratio of aldehyde. The feed hydrogen rate is
newly determined based on the target value, and the
determined feed hydrogen rate is used as a set value for
the PID controllér; Normally, the setting out of the
target value of the partial pressure of CO is carried out
by an operator, and-thereafter, the feed hydrogen amount
is PID-controlled such that the rate agrees with the set
value, based on the target wvalue. |

Further, a method is disclosed in a Soviet Patent
SU1555323, wherein the YLEld of n-butyl aldehyde is
promoted by changing ratlos of hydrogen and carbon
monoxide in an oxo gas entering into a reactor, in
accordance with carbon monoxide in a gas effluented from
the reactor, with respect to a method of contrqlling an
one-path type hydroformylation process of propylene which
is different from the above-mentioned gas recycled type
process. |
| In the above Soviet patent, a ratio of H,/CO in the
supplied oxo gas is changed by controlling a flow rate of
a gas adding to the oxo gas, whose hajor component is
carbon monoxide.

There have been following ﬁroblems in the
conventional method of controlling a.hydroformylation

reaction wherein the feed hydrogen amount is controlled,
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pravided with a hydrofornylation reactor 1 and a gas/liquid separator 2.
The reactor 1 is supplied with raw materials and a catalyst respectively
froman olefin supply line 11, an oxo gas supply line 12 and a catal yst
supply line 14. A gaseous recycled gas separated at the gas/liquid
separator 2 is again returned to the reactor 1 through a recycl ed gas
supply line 13, and an al dehyde is produckd by reaction with an olefin
which is a raw material. The produced al dehyde is wi thdrawn from an

al dehyde produst whtBHeamkRfickl BE the Bodiet PadentC GUITISIZE Wnredn Ch 1S
set to prevent ‘the accunul ation
the feed carbon monoxide amount is controlled.
@® The time constant of the process is large in the
hydroformylation‘reaction, and the partial pressure of CO
5 in the recycled gas significantly fluctuates by the |
change of the composition of the feed gas. Accordingly,
it is necessary to chonge the set value in many stages,
when the set value of the feed-hydrogen aﬁount or feed
carbon monoxide amount is determined, which is a burden
10 for the operator.
@ Due to the above reason, there causes an individual
difference in the operafional'results depending on the
skill of the operator, in changing the set value of the
-feed hydrogen amount or the feed carbon monoxide amount,
15 and the process is apt to be unstable when the set value.
'is changed.
® The control of the partial pressure of CO becomes
espeoially unstable when the production amount per unit
time (production rate) of aldehyde is changed, since the
20 process characteristic is changed.
@ In case ﬁherein much of components other than
hydrogen and carbon_monoxide are contained in the raw
material gas, for instance, when the partiallpressures of
olefin (propylene), paraffin (propane) or other inert gas
25 are elevated, it.is difficult to control the partial
pressure of CO in the recycled gas in a desired range,

only through the control of the feed hydrogen amount or
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of ?=i!"r';tf gas conponents such as nethane, is intermttently operated to

purge a portion of the 'recycled gas. A target value of the partial

pressure of COin the recycled gas is provided in correlation to a desired
production ratio of aldehyde. A control of the partial pressure of COin
the oxo gas which is a raw material is perfornmed for controlling the

partial pressure of COiIin the recycledggas based on the target value. A

control of a supplied feed hydrogen ra is perforned by, for instance, a

PID (proportion, integration and

the feed carbon monoxide amount.
In view of the problems in the conventional method of
controlling a hydroformylation reaction, it is an object
of the present invention to provide a method of
controlling a hydroformylation reaction wherein the
control of the partial pressure of CO in the reactor is
facilitated, and accordingly, the production ratio of
aldehyde can easily be controlled to a desired value.
According to an aspect of the present invention,

10 there is provided a method for controlling a
hydroformylation reaction for producing an aldehyde by
subjecting an olefin, a feed oxo gas containing hydrogen
and carbon monoxide, and a recycled gas withdrawn from
the reactor and returned to the reactor, to a

15 hydroformylation reaction in the reactor in the presence
of a catalyst, which comprises:

setting out a target value for the partial pressure
of carbon monoxide in the reaction system to control the
hydroformylation reaction;

20 detecting the partial pressure of carbon monoxide
¢orresponding to the target valué; and

comparing the detected partial pressure of carbon
monoxide with the target value to adjust a flow rate of a
discharged gas discharged from the recycled gas; or

25 comparing the detected partial pressure of carbon

monoxide with the target value to aajust a flow rate of

the feed oxo gas.
. is Sheet Has Been Replaced
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di,ffergntiation) control device, since the control of the partial pressure
of COTs possi bl e by adjusting the feed hydrogen rate which is introduced

into the oxo gas through a hydrogen supply line 16. The production
rati o of al dehyde is often changed in
- 3-
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It is possible to produce aldehyde in a desired '
production ratio under this construction. It is possible
to prevent the concentration of CO in the reactor from
significantly flucﬁuating, when the target value of tﬁe

5 partial pressure of CO is changed, by adopting the above
construction. |

In a preferable embodiment of this invention, the
detection of carbon monoxide is performed by detecting
the partial pressure of carbon monoxide in the recycled

10 gas which is returned to the reactor.

Further, in another preferable embodiment, the
detection of the partial pressure of carbon monoxide is
performed by detecting the partial pressure of carbon
monoxide of the oxo gas wherein the recycled gas which is

15 returned to the reactor jqins with the feed oxo gas which
is supplied to the reactor.

According to another aspect of the present invention,
there is provided a method for controlling a
hydroformylation reaction according to the former aspect

zb further comprisings

storing in a computer a process model for simulating
the hydroformylation reaction which is provided with a
predetermined signal trahsfer function having an input of
the operational amount to adjﬁst the.flow rate of the

25 discharged gas or the feed 6xo gas and an output of a

calculated value of the partial pressure of carbon

monoxide;
This Sheet Has Been Replaced




accojlgéce with the demand of. product. In such a case, the target val ue of
the partial pressure of COin the recycled gas is newy determ ned based
t he new produdbh@hwﬂasBGMG*iﬁ¥@ehyde. The feed hydrogen rate is newy

on
det errmi ned based on : l'ue, and the deternined feed hydrogen
rate is used as a s

the PID controller. Normally, the setting
out of the target value of the partial pressure of COis carried out by
an operator, and thereafter, the feed hydfogen anount is PID-controlled
such that the rate agrees with the set value, based on the target val ue.

providing the process model with the input by
successively selecting an input series comprising a
plurality of inputs which are successively generated at
every predetermined cycle;

5 successively calculating a future output series based

on the output of the process model;

selecting an output series among the calculated
future output series wherein a difference between the
future output series and the predetermined future target

10 value is small; and

setting out the operational ampunf based on the input
series corresponding to the selected one of the output
- series. |

In a preferable embodiment, the selection one of the

15 output series from some output series is performed, for

instance, in accordance with the method pf least squares.

According to the above preferabie embodiments, a
stable control of process can be performed irrespective
of the skill of an operator for operating the change.

20 In the above preferable embodiments, the signals
relating to the flow rate and fhe.composition of gas to
be discharged are detected, the coefficient of the signal
transfer function can be provided based on at least the
signals relating to the flow rate and the compositioﬁ of

25 the discharged gas. By adopting such a constitution, a
large variation of the partial pressure of CO in the

. reactor can be restrained and a stable control is made



Furtheri?a’nethod is disclosed in a Soviet Patent SU1555323, wherein the

yield of n-butyl aldehyde is promoted by changing ratios—of uyurugen and
carbon nonoxide in an oxo gas entering into a reactor, lakeld
carbon nonoxide in a gas effluented from the reactor, w ?ﬂ“sas ee%asaél iile i

nmet hod of controlling an one-path type hydrofornylation prfﬂ iﬁm
propylene which is different fromthe above-nentioned gas

process. In the above Soviet patent, "a%atio of H2/COin the supplied
oxo gas is changed by controlling a flow rate of
possible.

Further, in the present invention, the signals
concerning the flow rate and the composition of the feed
oxo gas are further detected, and the operational amount

5 1is determined further based on the signals relating to
the detected flow rate and composition. By adopting this
construction, the concentration of CO can be controlled
in a desired range, irrespective 6f a large variation of
the composition of the feed oxo gas.

10 In the drawings:

Figure 1 is a system diagram showing a construction
of a system performing a control method of a
hydroformylation reaction in the conventional example and
the first embodiment of this invention; |

15 Figures 2 shows a graph for explaining the control of
this invention;

Figures 3 and 4 are systém diagrams showing the
control method of a hydroformylation reaction of the
second embodiment of this inventioﬁ;

20 Figure 5 is a graph shqwing a control result provided
by the control methods of the first and the second
embodiments of this invention;

Figure 6 is a graph showing a control result provided
by the Example.3 of this invention;

25 Figure 7 is a graph showing a control result provided
by the Example 4 of this invention;

Figure 8 is a graph showing a control result provided



a gas ding to the oxo gas, whose ngjor conponent is carbon nonoxide.
There have been follow ng problens in the conventional nethod of
controlllng a hydrofornylation reaction wherein the feed hydrogen anount
is controll ed, -4- or in the nethod of
the Sovi et patent SU1555323 wherein

_9—
by the Example 5 of this invention;

Figure 9 is a graph showing a control result provided
by the Example 6 of this invention;

Figure 10 is a graph showing a control result

5 provided by the Comparative Example 1;

Figure 11 is a graph showing a control result
provided by the Comparative Example 2;

Figure 12 is a graph showing a control result
provided by the Comparative Example 3; and

10 - Figure 13 is a graph showing a control result
provided b& the Comparative Example 4.

In this invention, the olefin which is used as a raw
material of a hydroformylation reaction is not
particularly restricted, so far as it is an organic

15 compound provided at least with one olefinic double bond
in the mélecule. For instance, ethylene, propylene,
butene, butadiene, pentene; hexeﬁe, hexadiene, octene,
octadiene, decene, hexadecene, octadecene and the like
are pointed out.

20 In this invention, as a catalYét, a Group VIII metal
complex, or a complex soluble in a solution containing an
organic compound which includes at least one metal
selected from the group consisting of iron, cobalt,
nickel, ruthenium,_rhodium; palladium, osmium, iridium

25 and platinum, and further includes a ligand such as an

organophbsphorus compound, for instance, a phosphine such

as triarylphosphine or a phosphate or the like.
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t he fe!% carbon nonoxi de amount is controlled. J[err]q The tinme constant
of the'process is large in the hydrofornylation reaction, .and the parti al
pressure of CO in the recycled gas significantly fluctuates by the change
of the composition of the feed gas. Accordingly, it is necessary to change
the set value in many stages, when the set value of the feed hydrogen
amount or feed carbon nonoxide anobunt Tsl@eterm ned, which is a burden

for the operator. [err] Due to the above reason, there causes an

i ndi vidual -differgsdcesi noth@nfRepahsabdle oS ulskes adeRAR@Nt] fot td&ction

in performing a hydroformylation reaction. However, if
necessary, it is possible to use a solvent inert to the
hydroformylation reaction. As preferable specific

5 examples of solvents, an a:ométic hydrocarbon compound
such as toluene, xylene or dodecylbenzene and the like,
.ketones such as acetone, diethyl ketone, methyl ethyl
ketone, ethers such as tetrahydrofuraﬁ, dioxane and the
like, esters such as ethyl acetate, di-n—-octylphthalate

10 and the like, are pointed out.

As a mixture gas of hydrogen and carbon monoxide
'subjected to the reaction, an oxo gas or a water gas is
used. In this specification, these are summerizingly
called "oxo gas'.

15- As the reaction condition of the-hydroformylation
reaction process, conventiohally adopted conditions can
be used. For instance, the reaction tempefature is
selected in a range of room temperature through 200°C,
preferably 50°C through 150°C. The reaction pressure is

20 . selected from a range of an ordinary pressure through 200
atmospheric pressure, preferably 5 through 100
atmospheric pressure, especially preferably, 5 through 50
atmospheric pressure. The molar ratio of hydrogen to
'Carbon monoxide (H,/CO) is normally.selected from a range

25 of 10/1 through i/lO, preferably, 1/1 through 6/1. A&As
the reaction system of the hydroformylation reaction, a

continuous system which is performed in an agitation type

- This Sheet Has Been Replaced




skisl | ofhe operator, in changing the set value of the feed hydrogen
amount @& the feed carbon nonoxide anount, and the process is apt to be
unst abl ¢ when the set value is changed. [err] The control of the parti al
pressuré of CO becones especially unstable when the production anmount per
unit tinme (production rate) of al dehyde is changed, since the process
characteristic is changed. [err] |In case wherein nuch of conponents ot her
than hydrogen and carbon nonoxi de are corklimed in the raw material gas,
for instance, when the partial pressures of

10

15

- 20

25

reaction vessel or a bubble tower type reaction vessel,
can be adopted. However, it is preferable to use the
agitation type reaction_vessel.

In this invention, the partial pressure of CO in a-
reactor which is provided in correlation with a desired
production ratio of an aldehyde which is the reaction
product, is set as, for instance, a target value in a PID
control system, and the partial pressure of CO in the
reactor is controlled to the target value, by controlling
the discharged flow rate of the recycled gas withdrawn
from the reactor or the flow rate of the feed oxo gas
which is supplied to the reaction system, based on the
setting.

A detailed explanation will.further be given to
especially preferable embodiménts of this invention, as
follows. In these embodiments, in controlling the
hydroformylation reactor, various methods of firstly, a
CO model predictive control, secondly, a process gain
scheduling, and thirdly, a feed forward control, are
adopted.

l. CO model predictive control

First, before the control,.a process model having a
predetermined transfer function is stored in a computer
for the control. As the process model, for instance, a
system of time~lag of first order including a dead time,

is adopted. The transfer function G(s) of this model is

expressed by the following equation.
This Sheet Has Been Replaced




ol efin _}opylene), paraffin (propane) or other inert gas are elevated, it
is difficult to control the partial pressure of COin the recycled-gas in
a desiréd range, only through the control of the feed hydrogen amount: or
t he feed carbon nonoxi de anount. In view of the problens in the
conventional nethod of
_ - 12 -
G(s) = {K,/(1+T,-s)}-exp(-Ty*s) (1)
where K, is a process gain, Tpr @ time constant which is
a value provided by a past process response, T, a dead
time which is a value provided by a past process
s response, and s, a Laplacian operator.
Figure 2 is a graph for explaining the behavior of
control in the CO model prediction control. In Figure 2,
a target value_R of the partial pressure of CO at the
présent time t is stepwisely‘changed in accordance with
10 the change of the production ratio of aldehyde. The
operational amount to adjust the flow rate of the
discharged gas or the feed oxo gas which is necessary for
the control, is determined by the process model
predictive control, based on a deviation of the present
15 partial pressure of CO from the target value of the
partial pressure of CO. The procedure is as follows.
Step 1
A reference trajectory Yg having a smoother waveform
is calculated from the given target value R of the
20 partial pressure of CO. This is performed for avoiding a
situation wherein the system becomes unstable by the
rapid change of the target value. An example of the
reference trajectory yp is shown in Figure 2.
Step 2 |
25 An output prediction series (partial pressure of CO
of recycled gas) from a future time t+Lr to a time

t+(L+P)r, is expressed with r as a control period, and an

This Sheet Has Been Replaced
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controlfing a hydrofornylation reaction, it is an object of the present

i nventifpn to provide a nethod of controlling a hydrofornylation reaction
whereirff the control of the partial pressure of COin the reactor is
facilitfated, and accordingly, the production ratio of aldehyde can easily
be contfrolled to a desired val ue. According to an aspect of the
presentf i nvention, there is provided a_mgizhad for controlling a

hydr of grmyl ati on reaction for producing an al dehyde by subjecting an

ol efin,t a feed,oxo, gas Qontalnlng_hydro%FndngLé¥gé§wk °nOX|de, aqg ?

recyclqd gas WirTRRE, B8 esnof an irnput ( w rate’'or

2 feed oxo gas rate) from the present time t to a time t+Mr
| which is exemplified by a broken iine, as a parameter.
M, P and L are respectively a control horizon of the
5 operational amount, P, a coincidence horizon of an
agreement between an output and.a target value, and L, a
. starting time point of the coincidence horizon of an
agreement betweeﬁﬁéﬁﬁbﬁtput and a target value, which are
determined in designing the control system.'

10 When yy(t+L) is.dete:mined to be a model prediction
value of the partial pressure of CO at the future time
t+Lr which is directly provided by the process model from
one input series, a model prediction series y, including
the prediction value is exp;essed as follows.

15 Yy = [yu(t+L), «.., yu(t+L+P-1)]1%

Further, when yp(t+L) is determined to an output
prediction value at the time t+Lr which is provided by a
correction of the model prediction value yy(t+L) of the
partial pressure of CO, an output prediction series (the

20 partial pressure of CO) ¥, between the future time t+L¢
and the time t+(L+P—1)r,-ihcludihg the output prediction
value, is Similarly expréSsed as foilqws.

¥p = [¥p(t+L), ..., yp(t+L+P-1)]T

A correction term.of the process model is provided

25 for obtaining the output prediction series Y, by
correcting the model prediction series Yy. In this case,

a difference between an actually measured value y(t) of

————
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the reagtor and returned to the reactor, to a hydrofornylation reaction in
the reagtor in the presence of a catalyst, which conprises: setting
out a tgrget value for the partial pressure of carbon nonoxide in the
reactiorf systemto control the hydrofornylation reaction; detecting

t he partfial pressure of carbon nonoxide corresponding to the target val ue;
and conparing the detected partial prlebsture of carbon nonoxide wth
the target value to adjust a flowrate of a discharged gas di scharged from

t he reCYC|ed!¥¥ﬁe(§artial pressure of CO at the present time ¢t, and_the
' output prediction value yy(t) at the present time which
is provided by the process model from the past data, is
determined to be the correctioh term.
5 ‘Series Y and Y,, for the above correction are defiﬁed
as follows.
= [y(t), ..., ¥(£)]
Yyo = [[yult)s «oer yult)]
The output prediction series ¥, is expressed as
10 follows by the above definition.
Yp = Y +¥-Yy, | (2)
where there is a following relationship between the model
prediction series Y, and a series Yk° inc1uding the
output prediction value y,(t) at the present time.
15 Yy = YyotAp-AUytAg-AU, (3.)
The model prediction series ¥, is provided based on the
above equation (3). When the model prediction series ¥y
is provided, the output_prediction series ¥, is provided
bésed on equation (2).
20 The second term on the right end side o£ eguation (3)
is a term for future prediction, and the third term is a
term for prediction based on the past data. A, in the

second term is a response series of the prediction model

gy

which is expressed as follows.
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*the detected partial pressure of carbon nonoxide with the target
adjust a flowrate of the feed oxo gas.

is possible to produce al dehyde in a desired pTiisShedHagBdeaRéph
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a. e Lo, * ¢t LMt
Qrer , 8L , * ¢ o » 8 LaKe2
A’= - . . e o & o & e e » . .
Arer-1, Boepez, * * * *, B r_u.»

a, in the above equation is a step response series

determine by the transfer function, which is expressed as

follows.
a, =0 | (0<kz<T;)
ay = Kp{l-exp(~(ke=T1)/Tp)} (Tygke)  (4)
a, = ag (s<k)

Further, AU, in the second term of egquation (3), is
an input series composed of input parameters from the
time t to the time t+M-1, that is, a series corresponding
to the discharged flow rate of the recycled gas or the
flow rate of the feed oxo gas at the respective times
during the above time interval. AUy is expressed as
follows by parameters Au(t) to Au(t+M-1) showing the
discharged flow rate or the flow rate of the feed oxo gas
at the respective time.

AU, = [Au(t),Au(t+l), .., Au(t+M-1)]T
The term for future prediction of equation (3) is
calculated by the selection of the respective parameters.

A, and AU, in the third tefm on the right hand side

of equation (3) are respectively a process characteristic



toiprevélit the concentration of COin the reactor from significantly
fluctuatgng, when the target value of the partial pressure of. COis
‘changed, f by adopting the above construction. In a preferable
enbodi ngnt of this invention, the detection of carbon nonoxide is
performed by detecting the partial pressure of carbon nonoxide in the
recycled; gas which is returned to the rea Further, in another
preferabl e enbodi ment, the detection of tge partlal pressure of carbon

nDnOX|de S erfor d by detecting the partial pressure of carbon
P %rqi, é%d an 1np£{ sgrfés oéio erational amount, which

are expressed as follows.

@r.1~241, Bpez~aa, * * ° ° ‘.lal..s-l'as-x'
5 @1,2-84, @i.3=@3, ¢ * * ¢ %, 2i.s —ads.
A°= P ] . [ L) . . n_ c.o . - * [ . . . . - . n . -
@ rer~ 8y, Brerer— B2, * 0 *, Bressp-1—asay .
30 AUy = [Au(t-1), Au(t=2), ..., Au(T-s+1)]7

The third term of equatiqn (3) is provided by the above
A, and AU;. |
As stated above, the procesé computer successively
selects the input series one by one and successively
| 15 input them to the process model, by selecting the
respéctive parameters of the input series AUy, in a
predetermined ordef. The correction is performed based
on equation (2) with respect to the model prediction
series ¥, which is successively provided from the output
20 of the process model, théreby successively providing the
output predictioa series Y;.
Step 3 | |
An input series is célculated by using the method of
least squares, such that a difference between the future .
25 output prediction series ¥, which is obtained based on
the process model in Step 2, and the values 6f the

reference trajectory yp which is obtained in Step 1, in a.
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nmonoxi de’ f the oxo gas wherein the recycled gas which is returned to the
react or 10|ns with the feed oxo gas which 1is supplied to the reactor.
Accordi ng to anot her aspect of the present invention, there is provided a
net hod f@r controlling a hydrofornylation reaction according to the fornmer
aspect urther conprising: storing i.n a conputer a- process nodel for
simulati g the hydroformyl ation reacti ond#hitch is provided with a

predet er i ned signal transfer function having an input of the operational
amount toé adj udtimehdrflexwalatfrod thee future time t+Lr to the time

é t+(L+P)r, is minimized. That is, one output predictioﬁ
‘ series is selected by the following eguation (5), which
provides one of the successively calculated output
5 prediction series Y,, which provides the nearest value to
the reference trajectory series that is prescribed.by the
reference trajectory yg.
Minimize ||y, - ¥.]|2 o (5)
where Y, is the reference trajectory series.
10 The reference trajectory series Y, can be provided,
for instance, by the following équation from the output
‘at the present time.
Y = A-F-y(t)+(I-A)-T
where A, I' and F are respectively, A: weight vector, P:.a
15 target value vector in a period wherein the agreement
between the output and the target value is intended, E:
unit matrix, which are expressed by the following
equations. In the following equations, « is a parameter
and 0<a<l, y(t) is the target value at the time t, and I
i 20 is a unit matrix. .-
- A=[a, a?, ... &F)"
g ' F = diagf{l, 1, ...,-llT
E | T = [y(t+L), .., y(t+L+P-1)17
When the one.output prediction series Y, is provided
25 which can provide an output that is the nearest to the

future target value, as above, the'input series which

ar

provides the output prediction series is determined as a

This Sheet Has Been Rei aced
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di scharffed gas or the feed oxo gas and an output of a cal cul ated val ue of
the pargtial pressure of carbon nonoxi de;

-7 providing the process nodel with the |nput by successively

sel ectijng an i nput series conprising a pIurallty of i nputs which are
succes<|vely generated at

_18_
series of the operational amount to adjust the flow rate -
of the discharged gas or the feed oxo gas. The flow rate

of the discharged gas or the feed oxo gas is successively

selected based on the series of the operational amount.

5 2. Process gain scheduling

When the production rate of the hydroformylation
reactor is changed, the characteristic of process ohanges
in accordance thereto, wherein especially the change of
the process gain which is the coefficient Kp of the

.10 transfer function.G(s) of equation 1 is conspicuous.

. Accordingly, the process gain in the process model of
equation (1) is automatioally changed, to méintain a
stable control, when the production rate is changed.

This method is called gain soheduling. In this Example,

15 the gain scheduling is performed, as follows.

When P, is defino& to be o total purging amount of
gas which is discharged from the discharge control valvé,
and Fg,, Foq and F;, respectively, a flow rate of ﬁ;, a |
flow rate of CO and a flow raﬁé of an inert component in

20 the total discharging rate, the following equation is
established. |

Fy = Fga*FeotF; ' {6)

B

When-Aco, By, and Ai are respectively defined to be a
. concentration of CO, a concentration of H, and a
25 concentratlon of the inert component in the discharged

gas, the following equation (7) is established from

equation (6).
is Sheet Has Been Refilaced
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every p@edeterm ned cycl e; successively calculating a future out put
series Fased on the output of the process nodel ;. sel ecti ng an out put
series gnong the calculated future output series wherein a difference

bet ween§the future output series and the predeterm ned future target
value i § small; and setting out the operational anmount based on the

I nput eries corresponding to the seIethg one of the output series.

In a prﬁferable enbodi ment, the selection*éneé of the

Acg = Feo/F, = Feo/ (FyatFegtFs) (7)
When A, is totally differentiated, the following

equation (8) is provided.

OBey aAco.

dF¢q (8)

When equation (8) is substituted by equation (7), the
following equation (9) is established.
dAcg = 1/F {~(Fog/Fy) *AFg,*+ (Fg,/F +F/F.) -dFcg}  (9)

. Further, the following equations are established by the

19 definition. |
Bgg = Feo/Fy | ~ (10)
Ay = Fyp/F, | (11) |
The following equations (12) and (13) are established in
equations (10) and (11) wherein a variaﬁion in
13 composition is ignored in comparison with a variation in
flow rate, since the composition of raw material gas and
the reaction temperature are maintained almost constant,
and the reaction is stabilized in a steady state.
’ dFy, = Ag,-dF, (12)
dFqq = Agg-dF, o (13)
When equatiqn (9) is substituted by equations (12) and
* (13), the following equation are established.
S dBog = (By-Aco/Fy)-dF, (e
; 25' Accordingly, | |
dAoo/dF, = A;-BAco/F, (15)
The left hand side of equation (15) is the change of the
This Sheet Has Been Replaced
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out’put
accord@mnce with the nethod of |east squares. According to the above
prefer @Il e enbodi mrents, a stable control of process can be perforned
irrespgctive of the skill of an operator for operating the change.

2o dp e e A Aurant s,

O . gy e vt e B e

10
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25

ries fromsone output series is perforned, for instance, in

t he abgve preferable enbodi nents, the signals relating to the flowrate
conposition of .gas to be- di schaged are detected, the coefficient
signal transfer function can be provided based on at |east the

si gnal  rel atggkgcm i dd e I Q:@W;El?erSQBEEE' Eb0ena' cnhhigedogchar ged
gas. By ado

Ing such a constitution,
unit rate of discharging, that is, the process gain Kp

defined by equation (1). Accordingly, the following
equation is established.

Kp = A;-Aco/F, - (16)

In case wherein the partial pressure of CO in the
reactor is controlled by controlling the feed oxo gas
flow rate, since the composition of the raw material gas
and the reaction temperature'remain almost constant and.
the reaction is stabilized, a reaction rate y remains |
conétant in a'steady state, and the following equafioné

are established.

Py = 2y+F, - | (17)
where P, is the feed oxo gas rate.
dF, = 1/2&1?52 (18)
dF, = 1/2dP., - (19) -

where Pﬁz is a flow rate of H, and Pegr @ flow rate of CO
in the feed oxo gas; sin¢e the composition of the raw

material oxo gas is as Hz/cb = 1, When the equation (9)
is substituted by equations (18) and (19), the following

equations are established.

- dpgg = 1/2Ft(1—2Aco)-drt' . {20)
From equation.(;7),
dp, = dF, | (21)
Accordihgly,
dRqo/dP, = 1/2F (1-2B,) (22)

The left hand side of equation (22)'is_the change of the

This Sheet Has Been Repl

I




Ia.rge%ari ation of the partial pressure of COin the reactor can be
restragfned and a stable control is nade _ possi bl e. ~Further,
in the]present invention, the signals concerning the flowrate and the
conposjtion of the feed oxo gas are further detected, and the operational
anmount : '

..21 -
partial pressure df CO with respect to the change of a -
unit rate of feed oxo gas, that is, the process gain Kp
defined by equation (1l). Accordingly, Kp is expressed.by
the following equation (23). '
5 Kp = 1/2F (1-2A.q) | (23)

By changing the pfocess gain in accordance with
equation {16) or (23), the transfer function #ccurately
-expressing.the prdcesé response can be prOvided at eVery

occasion of the change.

10 Acdordingly, it is possible to perform the gain.
scheduling by obtaining the value of K, in accordance
with the equation (16) or (23), by sampling the process
data A;, A,y and F, from detecﬁion units at a constant
period, and by changing the value of gain Kp of the

15 Pprocess model; | |

3. The feed forward control

The partial pressure of CO in the reactor is
influenced by the change of ﬁhe composition in the feed
oxo gas. Therefore, to compensate the variation in the

20 concentration of CO in the feed o#o gas, a feéd forward
control is performed wherein the discharging flow rate u
or the flow rate of the féed éxO'gas F;, is controlled.
When C., is the partial pressure (concentration) of CO in
the recycledigas, and By, the concentration of CO in the

25' feed oxo gas, the.following equations (24) and (25) are

established by the mass balance around the reactor.

' This Sheet Has Been Replaced
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nd conposition. By adopting this construction, the concentration of
be controlled in a desired range, irrespective of d&hjs 33 Be¢nReplaced
e conposition of the feed oxo gas. In the draw ng Il lﬂ uﬁ

h system di agram showi ng a construction of a system pe
bl nmethod of a hydrofornylation reaction in the conventional exanple

he first embodi ment of this invepthon. Figures 2 shows a graph
kpl ai ning the control of _
dF;,/dt = =(Fy,/Beo) +dBgo/dy (25)

Accordingly, when a variation is caused in the partial
pressure of CO, B, in the feed oxo gas, the variation of
CO is compensated by changing the purging flow rate u :
5 _based on equation (24) or the flow rate of the feed oxo
gas F;, based on equation (25) |
A further detailed explanatioﬁ will be given of the
présent in&ention in reference to the drawings. The
control method of the hydroformylation reaction.in the
10 first embodiment of this invention, is carried out in the
system, for instance, shown by the system diagram of
figure 1 which has been explained in the conventional
technology. A desired value of the partial pressure of
CO in the recycled gas is set as the target value in the
15 PID control device. The discharged flow rafe of the
recycled gas withdrawn from the reactor 1 or the feed oxo
gas flow rate which is fed to the reactor 1 is controlled
based on the target value and a detected amount of the
concentration of CO in the recycled gas supply line 13.
20 The control of the discharged flow rate or the feed 6xo
gas flow rate is carried out by the control of the degree
of opening of the discharge control valve 9 or the feed
gas control wvalve 10, such that the concentration of CO
in the recycled gas agrees with the target value.
25 Figures 3 and 4 show system diagréms of a system for_
performing a second embodiment of the control method of a

hydroformylation reaction. 1In Figures 3 and 4, this
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Figures.3 and 4 are éysten1diagrans show ng the .

met hod of a hydrofornylation reaction of the. second embodrment—of
venti on; Figure 5 is a graph showing a controhhk BLOVl
control methods of the first and the second..enmbodi lﬁﬂ@ \‘ﬁpaced
on; Figure 6 is a graph showi ng a control resul
anple 3 of this invention; Flgure 7 is a graph s o]

provi ded by the Exanple 4 of thTs 23n7ent i on;
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system is provided with a reactor 1, a gaé/liquid
separator 2, a discharge control valve 9, an oxo gas feed
éontrol valve 10, pipings for respective routes and a
control unit 8, signal detecting units and operation
units are provided at predetermined positions, and are
connected to the control unit 8 through wirings for
control..

The reactof is connected with an.olefin supply line
11, an oxo gas supply line 12 for feéding ravw material,
and the oxo gas supply line 12 is connected with a
hydrogen gas supply line 16. The reactor 1 is further
connected with a catalyst supply line l4,lan aldehyde

product withdrawing line 15 for withdrawing an aldehyde

product, connection lines 17 and 18 between the reactor

and the gas/liquid sepafator 2, and a recycled gas supply
line 13 for ﬁithdrawing the recycled gas from the
gas/liquid separator 2 and for returning it to the
reactor 1. |

A recycled gas discharge control valve 9 is provided
on the side of the gés/liquid separator 2 of the recycled
gas supply line 13. A discharged gas composition

analysis meter 3 and a recycled gas discharge flow rate

meter 4 are installed on the exit side of the discharge

control valve 9.  PFurther, a CO analysis meter S5 is
installed at the recycled gas supply line 13, for
analyzing the concentration of CO in the recycled gas

which is supplied to the reactor 1. Further, a feed



Fi gure ‘is a graph showing a control result provided

the Exanple 5 of this invention,; Figure 9 is—a_EFEBﬁ‘EﬁﬁﬁTﬁg‘a‘-
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control valve 10 is installed at the oxo gas supply line

12, for controiling a flow rate of the oxo gas which is

fed to the reactor 1. . The oxo gas supply line 12 is

installed with a flow rate meter 6 for detecting a flow.
rate of oxo gas and a co analysis meter 7 for measuring
the composition of oxo gas.

The control unit 8 is a process computer which

.controls the hydrcformylaﬁion reaction system total

process, and is functionally composed of a data

memorizing unit 81 for memorizing once the detected data

-from each detecting unit, a feed forward (FF) cqhtrol

unit 82 for compensating the variation of the composition
of the feed oxo gas, a feedback (FB) control unit 83 for
controlling the concentration of CO in the recycled gas
in accordance with the target value, a model éalculating
unit 85 for calculating the process model, “a model 84
whérein the calculated model is stored, and a controller
86 or 87 for controlling’the discharged flow rate or the
feed oxo gas flow rate. The operator inputs the target
value m of the concentratibn of CO in the recycled gas to
the feedback control unit 83 in accordance with the |
necessity. It is possible that the control unit B.is
constructed as a DCS (distribution type computer system),
and it is possible that signals of the respective control
units is outputted as control signals of a DDC (direct
digital control).

In the system constructed as abové, the reactor 1 is

1

0

ced



Figﬁre iis a graph showing a control result provided by the Conparative

Exanpl ¢ 2; Figure 12 is a graph showing a control result provided by
t he Conparative Exanple 3; and Figure 13 is a,graph showing a contro
result } provided by the Conparative Exanple 4. “In thi's invention, the
olefin ich is used as a.raw material of a hydrofornylation reaction is

not particularly restricted, so far as-Ltggs-an organic conpound provided
at leasft with one ol efinic double bond in the nolecule. For instance,

-ethyl ene, prOpycgﬁginuously supplied with olefin, oxo gas, recycled gas,

catalyst and hydrogen gas by supplying them in accordance
with the reaction condition, through the respective:
supply lines 11, 12, 13, 14 and 16. Normal aldehyde and

5 isoaldehyde are produced with desired ratios in the

reactor 1, by reacting olefin and oxo gas by a
hydroformylatlon reactlon under predetermlned temperature
and pressure with the presence of the catalyst. The
'-obtained aldehyde product is continuously withdrawn from
1g the lower portion of the reactor 1 through the aldehyde
product withdrawing line 15, as a l1qu1d component.

On the other hand, the gaseous component in the
reactor 1 is'withdrawn to'the'gas/liquid separator 2 from
the top portion of the reactor 1 through the line 17, and

15 a gas/liquid separation is performed in the gas/liquid
sepafator 2. The liquid pnase component in the |
gas/liquid_separator 2 is again returned to the reactor 1
through a liquid return line 18, and the gaseous
-component of gas phase is returned to the bottom portion

20 of the reactor 1 through the recycled gas supply line 13.

The variation in the composition of the feed oxo gas
can be compensated by an operational signal j from the
feed forward control unit 82. This feed forward control
is carried out based on equations (24) or (25) which is

25 calculated by the mass balance around the reactor 1. The
signal a of the concentratlon of CO in the oxo gas which

is detected by the CO/oxo gas analysis meter 7. the
_——————-—'——"'——-——_;————_——__
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h | i gand such as an organop osphgrﬂg conmpound, for instance, a

pent ene, hexene, hexadi ene, octene, octadiene, decene,

¢ conpound whi ch includes at |east one
isting of iron, cobalt, nickel,
" :

lum osmu iridium and platinum and further

as triaryl phosphine or a phoSphate or the Ilike.

signal c of the concentration of CO in the recycled'gas
which is detected by the CO/recycled gas analysis meter
5, and the signal b of the flow rate of the oxo gaé which
is detected by the oxo gas flow rate meter 6, are |
temporarily stored in a data memorizing unit 81, and are
outputted to the feed forward control unit 82 from the
data memorizing unit 81 as data e for the feed forward
'control. Based on the signéi e, the feed forward control
unit 82 calculates the feed forward operaﬁional signal j.

Further, the target value of the concentration of CO
of the recycled gas which returns to the reactor 1, is
set to perform desired production ratic of normal
aldehyde and isocaldehyde. The control following the
target value can be performed by controlling the degree
of opening of the gas discharge control #alve'S or the
feed oxo gas control valve 10, based on a feedback
operational signal k. |

The calculation of the feedback operation signal k is
performed as follows. The signai ¢ of the concentration
of CO in the recycled gas which is detected by the
CO/recycled gés analysis meter 5, is temporarily stored
in the data memorizing unit 81. The feedbéck contiol
unit 83 is inputted with this signal as the data £ for

the feedback'control, at a constant period. The target

- value m of the partial pressure (concentration) of CO is

memorized in the feedback control unit 83.

The calculation of the process gain K, is carried out




- 10 ¥ It is not indispensable to use a solvent for_reaction in
perfor: ng a hydrofornyl ation reaction. However, if necessary, it is
possi bl to use a solvent inert to the hydrofornyl ati orthis@beet iasBee i)rlaced

preferaple specific exanples of solvents, an aromatic hy ound
such as| tol uene, xylene or dodecyl benzene_ and the |ike, H“Mﬁ“l ”I
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. as follows. The signal n of the dischafged gas

. | composition showing the component composition (CO and

inert component) in.the diécharged gas which is

transmitted from the discharged gas compositioﬁ analyéis

5 meter 3, and the discharged gas flow rate signal d which

is detected by the recycled gas discharge flow rate meter
4, are temporarily storéd in the data mEmoriziné unit 81.
The data h for calculating the process model is

inputted to the model calculating unit 85 at a constant

10 period, and unit 85 performs the calculation treatment of
equation (16) or (23) based on the data and calculates
the process gain. The calculated process gain is
transmitted tb the model 84 as an information i for
changing the process model, which is used for changing

15 the transfer function (equation (1)) of the process
model. The feedback_control unit 83 receives an
information g of the process model from the model 84, and
carries out the operational treatment based on equations
(2) through (5). The discharge flow rate of the recycied

20 gas or the flow rate of the feed oxo gas which minimizes
a difference between a predicted concentration of CO and
its target value m, can be provided as an operational
quantity k for the feedback control by this calculation
treatment.

25 ' The feed forwérd operational amount j and the
feedback operational amount k respectively calculated as

_above, are added at the discharging flow rate controller
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the reaction cond|t|02§Pf .the hydrofornylation reaction

entlonally adopt ed conditio can be used. For instance,

erature is
86 or the feed flow rate controller 87 and the added
result is the set value thereof. The set value is
transmitted to the recycled gas discharge control valve 9
or the feed gas control valve 10 as an operational signal
¢ of the discharge flow rate or the feed flow rate for
controlling the degree oﬁ opening. IE is possible in |
place of this constitution to provide either one of the
feed forhard operational quantity j 6r the feedback
operational quantity k to the discharge control valve as
an Qperational amount.
EXAMPLE

A further detailed explanation will be given to the
present invention by Examples and Cémparative Examples as
follows. However, this invention is not restricted to
the following Examples so.far as the gist thereof does
not exceeds the scope of the invention.
EXAMPLE 1

A reaction control was performed under the
construction of equipment of the system.diagram shown in
Figuie 1, and by the control method of hydroformylation
feaction of ﬁhe first embodiment. The behavior of the
respective'signais in the control is shown as "SPC OFF"
on the left hand side of Figure 5. 1In this control, the
target value 21 of the concentration of CO and the feed
oxo gas flow rate 22 were Fixed td constant values. The
discharging flow rate 23 and the detected value 24 of the

concentration of CO in the recycled gas are respectively

t he



seltect®d in a range of roomtenperature through 200[err]C, preferably
50[err§ C through 150[err]C. The reaction pressure is selected froma range
of an Pprdinary pressure through 200 atnospheric pressure, preferably 5
t hrough 100 atnospheric pressure, especially. preferably, 5 through 50 .
at nospperic pressure. The nolar ratio of hydrogen to carbon nonoxide
(Herr]/CO is normally selected froma r e of 10/1 through 1/10,
preferpbly, 1/1 through 6/1. As the redct4’on system of the
hydrofornyl ati on reaction, a continuous systemwhich is perforned in an
agitatlon t ype shown. The CO concentration 24 was well controlled in a
predetermined range without particularly causing big |
variations.
EXAMPLE 2
5 " A reaction control was performed under the
constitution of the system diagram shown in Figure 3, and
by the control method of hydroformylation reaction of the
second embodiment. The result provided by the control is
shown on the right hand side of'Figure 5 as "SPC ON". 1In
10 | this control, firstly, the target value 21 of the
concentration of CO was changed, and successively, the
feed oxo gas flow rate 22 was stepwisely changed. As a
result, the discharging fldw rate 23 well followed the
change of the feed oxo gas flow rate 22, and the detected
15 value 24 of the concentration of CO well converged into a
predetermined range centering on the target value 21 of
the concentration of CO.
EXAMPLE 3
An investigation was performed by a simulated
20 calculation with respect to the controllability of
- reaction in case wherein the supply réte of propylene was
increased by 10%, under the constitution of the system
diagram shown in Figure 1 and by gsing the control method -
of hydroformylation of the first embodiment. The suppiy

25 quantity of propylene was increased by 10% which took one

-hour, while maintaining the pressure (total pressure) in

the reactor to a predetermined pressure by
This Sheet Has Been Replaced
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reactio!!beq:pl or _a bubble tower type reaction vessel, can be adopt ed.

However, is preferable to use the agitation type.reaction vessel .

In this |nverhis etHahBe :Rlelacad pressure of COin a’ reactor which is’

provi ded}in c a desired production ratio of an al dehyde
WthB IS the r Is set as, for instarnce, a target value in
3 _

- 30 -
controlling the supply quantity of the oxo gas, and the
control of fhg éoncentration of CO in the reactor was
performed by.controlling the purging flow amount such
that the CO concentration in the recycled gas was |
5 rendered.to the target value. As a result, as shown in
Figure 6, the reaction rate of.gropylene (PPY), the ratio
- of n-butyl aldehyde/isobutyi aldehyde (N/I) obtained by
.the reactlon, the pressure (total pressure) of the
reactor, and the part1a1 pressure of CO in the reactor
'10 were well controlled in predetermlned ranges.
EXAMPLE 4
An investigation was performed by a simulated
calculation with respect to the controllability of
reaction in case wherein the propane concentration in
15 Ppropylene was increased from 2.5% to 5%, under the
constitution of the'system diagram shown in Figure 1, and "
by using the control method of a hydroformylation
reaction of the first embodiment. The propane
concentration in pfopylene was instantaneously increased
20 from 2.5% to 5%, while maintaining the pressure (total
pressure) in fhe.reactor'to a predetermined pressure by
controlling the supply amount of ﬁhe oxo gas, and the
control of the concentration of CO in the reactor was
performed by controlling the discharging flow rate such
25 that the CO concentration in the recycled gas was
rendéred to its target value. As a result, as shown in

Figure 7, the reaction rate of propylene (PPY), the ratio
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cont rol S stem and the partial pressure of COin the reactor is
controll el to the target value, by controlling the di$charged flow rate of
the recycjed gas withdrawn fromthe reactor or the fl'ow rate of the feed

0X0 gas ich is supplied to the reaction system .baséd on the setting.
A detail explanation will further be given to especially preferable
enbodi nents of this invention, as follows._Jn these enbodinents, in
controllijng the hydrofornylation reactor? ¥hrTous methods of flrstly, a

CO nodel |predictive control, secondly, a process gain
of n-~butyl aldehyde/lsobutyl aldehyde (N/I) resulted by

the reaction, the pressure (total pressure) of the
- reaCtpr, and the partial pressure of CO in the reactor,
were well controlled in predetermined ranges.
5 EXAMPLE 5

An investigation was preformed by a simulated

? calculation on the controllability of reaction in casé
“wherein the supply amount of propylene was increased by

10%, under the conétitution of the system diagram shown

10 in Figure 1, and by using the method of controlling a
hydroformylation reaction of the first embodiment. The
Supply rate of propylene was increased by 10% which took
one hour, while maintaining the pressure (total pressure)
in the reactor to a predetermined pressure by controlling

15 the discharging flow rate, and the control of the CO -
concentration in the reactor was performed by controlling
the supply rate of thé oxo gas such that the CO
concentration in the recycled gas was rendered to the
target value. As a résult, as shown in Pigure 8, the

20 reaction rate of propylene (PPY), the pressure (total
pressure) of the reactor, and the partial pressure of CO
in the reaétor'were well controlled in predetermined
ranges.
EXAMPLE 6

25 An investigation was performed by a simulated
calculation with respeét to the cht:ollabiiity_of

reaction in case wherein the concentration of propane in
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and thirdly, a feed forward control, are adopted. 1. CO nodel
control First, before the control, a process nodel having a
ned transfer function is stored in a conputer for the control.
cess nodel, for instance, a systemof tinme-lag of first order
a dead time, is adopted. The transfer function s) of this
expressed by the foll ow ng equaghon.

propflene was increased from 2.5% to 5%, under the
constitution of the system diagram shown in Figure 1, aﬁd
by using the control method of the hydroformylation
reaction of the first embodiment. The propane |
5 concentration in propylene was instantaneously increased
from 2.5% to 5%, while maintaining the pressure in the
reactor to a predetermined pressure by controlling the
discharging flow rate, and the control of the CO.
concentration in the reactor was performed by éontrolling
10 the supply quantity of the oxo gas such that the CO
concentration in the recycled gas was rendered to the
tafget value. | |
As a result} as shown in Figure 9, the reaction rate
of propylene, the pressure (total pressure) of the
15 reactor, and the CO partial pressure in the reactor were
well controlled in predetermined ranges.
COMPARATIVE EXAMPLE 1
A control was performed similar to Example 3 except
that the discharging flow rate was constant. The
20 discharging flow fate was the same as an initial figure
in Example 3. As a result, as shown in Figurg 10, the
partial préssure_of co gradually decreased and the
reéction stopped. |
CCMPARATIVE EXAMPLE 2
25 A contr01 was performed similar to Example 5, except
that the CO partial pressure in the reactor was not

maintaihed to a predetermined pressure by controlling the

. This Sheet Has Been Re laced
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o G(s) = {Klerr]/(l+Tp[err]s)}-exp(-T[err]s) (1) where Klerr]

- 12 -

Is a ocess gain, T[err], a time constant which is a value provided by a
past ocess response, T[err], a dead tine which is a value provided by a
past ocess response, and s, a Lapl acian operator. Figure 2 is a
graph ffor explaining the behavior of control in the CO nodel prediction

contr
t he

In Figure 2, a target value~R33f—the partial pressure of CO at

- feed oxo gas rate while supplying the oxo gas in

cecrrespondence to the supply quantity of propylene. As a

;
i
s
|
i

result, as shown in Figure 11, the CO partial pressure in
i | the reactor could not converge to a range of a
! 5 predetermined pressure, and therefore, the N/I ratio of
bﬁtyl aldehyde provided by the reaction could not be
maintained in a predetermined range. |
COMPARATIVE EXAMPLE 3
A conﬁrol was performed simiiar to Example 4 except
io that the discharging was pérformed at a constant flow
rate, and discharging flow raté was the same as an.
initial figqre in E#ample 3, without controlling the
discharging flow rate of the recycled gas. As a result,
as shown in Figure 12, with an increase in the partial
15 preésure of propane in the reactor, the partial pressure

of CO gradually decreased, the reaction rate of p?opylene

decreased owing thereto, and the reaction stopped.
COMPARATIVE EXAMPLE 4
A épntrol was performed similar to Example 6,'except
20 that the co_partial pressure in the reactor wés not
maintained to a predetermined pressure by controlling the
- feed oxo gas rate, while supplfing the oxo gas in
correspondence with the supply.quantity of propylene. As
a result, as Shown_in Figure 13, the partial pressure of
25 CO in the reactor gradually increased and could not
converge into a predetermined-range. Therefore, the N/I

‘ratio of butyl aldehyde resulted by the reaction
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presen;‘tine t is stepw sely changed in accordance wwth the change of the

pr oduct
rate of
control
devi at i
the pa
ref eren

gi ven target vaéue

on ratio of al dehyde. The operational anmpunt-to adjust the flow
the discharged gas or the feed oxo gas which is necessary for the
is determ ned by the process nodel predictive control, ‘based on a
Pn of the present partial pressure of COfromthe target val ue of
tial pressure of CO The proceduregjs~as follows. Step 1 A

D T

ce trajectory YR having a snoother waveform is calculated fromthe

dua?iy Qecreased and could not be maintained in a
predetermined range.
As stated above, according to the présent invention,
a constitution is adopted wherein the concentration of-CO
5 1is controlled with a desired concentration of CO in the
reéctiqn system as a target value, by cbntroliing a
discharging flow rate of a recycled gas withdrawn from
the reactor or a flow rate of the feed oxo gas which is
fed to the réactor. Therefore, the concentration of CO

10 in the reactor is not considerably fluctuated in the
change of the target value.of the concentration of CO,
and the operation is performed by only setting the target
value to the desired value, and the burden of an operator
is alleviated.

15 Further, when a constitution is adopted Whereih a
model prediction control is performed by storing a
process model having a predetermined transfer function in
a computer, even in case wherein the change of the target
value is especially rapidly performed, a stable control

20 can be performed in correspondence with the change
without a considerable-fluctuation of éontrol.

Therefore, a stable process control is especially
facilitated irrespective of an operator who performs the
qhange.-.

'25 ' When a construction is adcpted wherein the
coefficients of the above transfer function are

successively changed by the data provided by the process,
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partial

ressure of CO. This is perforned for avoiding a situation wherein

t he system becones unstable by the rapid change of - the target value. An

exanpl e

An out put

a futur
peri od,

of the
prediction series (partial pressure of CO of recycled gas) from

time t+Lr to a tine t+(L+P)r, is expressed with r as a contro
and an '

10

reference trajectory YRis shown in Figure 2. Step 2

- 35 -
éven in case whereih the production rate is considerably
changed, a stable control can be continued in the
process, without special operation by an opefator;

Further, when a construction is adopted wherein a’
variation in the composition of the feed oxo gas is
compensated by changing the discharging flow rate or the
flow rate of the feed oxo gas based on a predetermined
function, the concentration of CO in the reactor can
easily be controlled in a desired range, irrespective of
a considerable variation or difference in the composition
of the feed oxo gas. Therefore, it is possible to

perform the production of aldehyde in a desired ratio.
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- 13 -
rate) -fr

br oken |i Qe,

whi ch are}

10

25

t series of an input u (discharged flowrate or a
the present tinet to atine t+M which i 1fied by a
as a paranmeter. M P and L are respectlvely a control hori zon
of the oferational amount, P, a coincidence horizon ofT

bet ween ag output and a target value, and L, a starting , t he
coi nci denge horizon of -an agreenent betmeen an out put a | ue,

determ ned in designing the cenggok system

15

20

e

laced

CLAIMS:

1. A method for controlling a hydroformylation reaction

for producing an aldehyde by subjecting an olefin, a feed
oxo gas containing hydrogen and carbon monoxide, and a -
recycled gas withdrawn from a reactor and returned to the
reactor, to a hydroformylation reaction in the reactor in
the preéence of a catalyst, which comprises:
| setting out a'target valué for the partial pressure
of carbon monoxide in the reaction system fo control the
hydroformylation reaction;

detecting the partial pressure of carbon monoxide
cdrresponding to the target value; and

-comparing the detected partial pressure of carbon

" monoxide with the target value to adjust a flow rate of a

discharged gas from the reactor; or

comparing the detected partial pressure of carbon
monoxide with the target value to adjust a flow rate of
the feed oxo gas. |

2. The method for contrblling a hydroformylation

‘reaction according to Claim 1, whereih detecting the

partial pressure of carbon monoxide is performed by

detecting the partial pressure of carbon monoxide in the

| recycled gas which is returned to the reactor.

3. The method for controlling a hydroformylation
reaction according to Claim 1 or Claim 2, wherein

detecting the partial pressure of carbon monoxide is

performed by.detecting the partial pressuré of carbon

A

feed oxo gas

‘1



Wien yMr] (t+L) 1s determinedto be a nodel prediction value of the
partial lpressusenaf HsBedirebagqf Uture time t+Lr which is directly provided
by the grocess ne input series, a nodel prediction series
y[err] ifncl ule"m,qmﬂMH}i Ht ion value is expressed as foll ows. Y[err]
= [y[ernd] (t+L), %5 't +L+P-1)][err] Further, when y[err](t+L)

is deterrm ned to an output prediction valgg at the tine t+Lr which is
provided by a correction of the nodel prediction value y[err](t+L) of the

partial pressure of . an out put predicti,on series (th partial pressure
of CO Y[err] b@?%ﬁ%thg%f &F’Gr O%P 9@s; ¥oylch 1s £otned By Boining fthe

recycled gas to be returned to the reactor and -a feed oxo

gas to be supplied to the reactor.
4. The methéd for controlling a hydroformylation
5 reaction according to Claim 1, 2 or 3, wherein the
operational amount to adjust the flow rate of the
discharged gas or the feed oxo gas is provided by a
deviation of the detected partial pressure of carbon
monoxide from the target wvalue.
i 10 5. The method for controlling a hydroformylation
| reaction according to any one of Claims 1 to 4 further
éomprising:.
storing in a computer a pfocess model for simulating
the hydfoformylation reaction which is provided with a

15 predetermined signal transfer function having an input of

the operational amount to adjust the flow rate of the
discharged gas or the feed oxo gas and an output of a
calculated value of the partial pressure of carbon
monoxide; |
20 providing the process model with the input.by
successively selecting an input series comprising a
plurality of inputs which are successively generated at
every predetermined cycle; |
| successively calculating a future output series based
25 on the output of the process model;
selecting an output series among the calculated

future output series wherein a difference between the

YR




and'the¥fine t+(L+P-1)r, including the output predlctlon val ue, is

simlarl expressed as follows. y[err] = [y[e..J(LTL,, .

ylerr] (tfL+P-1)][err] A correction term of thehp gel £
provided for obtaining the output prediction serle ? ecting
the nodgl prediction series Y[err]. In this case, |ﬂ tmeen an

actual I'y}y measured value y(t) of

10

15

20

25

_38—

future output series and the predetermined future farget
value is small; and

setting out the operational amount based on the input
series corresponding to the selected one of the outputiy
series. _
6. The method for controlling a hydroformylation
reaction according to any one of Claims 1 to 5, wherein
Seleceing the one of the output series is perfofmed in
accordance with the method of least squares.
7. The method for controlling a hydroformylation
reaction according to any one of Claims 1 to 6, wherein
coefficients of'the'sigﬁal'transfer function are
calculated by detecting signals relating to a flow rate
and a composition of the discharged gas and based on at
least the signais reiatiné_to a flow rate and a
composition of the discharged gas. |

8. The method for controlling a hydroformylation

reaction according to any one of Claims 1 to 7, wherein

the operational amount is determined by further detecting

signals relating to a flow rate and a composition of the
feed oxo gas and further based on the signals relating to

a flow rate and a composition of the feed oxo gas.

‘9. The method for controlling a hydroformylation

reaction according to any one of Claims 1 to 8, wherein
adjusting the flow rate of the discharged gas or the feed
oxo'gas is performed by PID-controlling a degree of

opening of the dischatrged gas or the feed oxo gas control

R A0 O




T - e oy e

= "t he partial pressure of CO at the present time t, and the out put
tion value y[err](t) at the present tine which 1is provided by the
procegs nodel fromthe past data, is determined to be the correction term
Y and Y[err] for the above correction are defined as follows.

Y = [%(t) ey y(t)] Ylerr] = [[y[lerr](t), ... , Y[err](t)] The
out put} prediction series Y[err] is expressed as follows by the above

defrnvtron _ 39 -

- valve based on the operational amount.
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Y[efr]:
foll ow
series

present |

s

tine.

(3) The; nodel
equation (3).

output prediction series Y[err] is provide
The second termon_the right end side of equation (3)

an@BERBACKi rd termis a

predi ction,

data. Alerr]

10

15

Y[err]+Y Y[err] (2) where there is a
g relationship between the nodel
ylerr]

i ncluding the output prediction value y[err](t) at the
Y[err]= Y[err]+Alerr][err]Uerr]+Alerr] [err]Uerr]
prediction series Y[err] is provided based on the above
When the nodel prediction_sg BIQS Y[err] is provided, the
based on equation (2).

I n the
A method for controlling a hydroformylation reaction

for producing an aldehyde by subjecting an olefin, a feed

- oxo gas containing hydrogen and carbon monoxide, and a -

récycled gas withdrawn from a reactor'énd returned to the
reactor, to a hydroformylation reaction in the reactor in
the presence of a catalyst, which comprises:

setting out a target value for the paréial pressure
of carbon monoxide in the.reaction system to control the
hydroformylation reaction;

detecting the partial pressure of carbon monoxide
corresponding to the target value; and

CCmparing the detected partial pressure of carbon
monoxide with the target value to adjust a flow rate of a
discharged gas from the reactor; or

comparing the detected partial pressure of carbon
monoxide with the térget value to adju§t a flow rate ofh

the feed oxo gas.
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whi

second t
expresse

rmis a response series of the prediction nodel
“as follows. [err] '

chis 6
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al er ¥n t he above equation is a step response series
trans function, which is expressed as follows.
(Jerr]kr[err]T[err]) alerr] = Klerr]{l-exp(-(k[err]-T[err])/T[err])}

determ ne by the
alerr]

= 0

(T[err]k[err]) (4) alerr] = al[err] (s<k)
‘Further, - [err]Uerr] in the second termof equation (3), is '
: Mitsubishi Kasel Corp. MC-469-EP (H-93087-EF) tM/rl 2/13
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an .input{ series conposed of input paraneters fromthe tinet to the tinme

t+M1, t:hat is, a series correspondi ng
recycled gas or the flowrate of the f
during the above time interval. AUMis
[err]u(t) t ' ) '

rate of t he&#%‘gjg%%gg‘ks&' lg?q? %ng%é%%g
[[errJu(t),[errju(t+l), [err]u(t+M
predi ction of equation (3) is calcul at

respective paraneters,

FIGURE

to the discharged flowrate of the

eed oxo gas at the respective tines

expressed as follows by paraneters
b rged flowrate or the flow

?ﬁzéﬁﬁfne. [err]Uer3/d

|)Y][err] The termfor future

ed by the selection of the
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Alerr] a
equation
- 16 matri x,
expressed as fol | ows.

~[err]Yerr] in the third termon the right hand side

of
3) are respectively a process characteristic
and an i nput series of operational am)unt which are
~[err]
Mitsubishi Kasei Corp. MC-469-EP (H-93087-EP) tM/ri 4 / 13

- FIGURE
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[err]U e¥r] = [[err]u(t-1), Au(t-2), ..., [err]Ju(T-s+l)][err] The third
termof pquation (3) is provided by the above Alerr] and [err]Uerr].
As stated above, the process conputer successively selects the input
series one by one and successively input themto the process nodel, by

sel ecting t Imsubtshi Kasef Corp. MC-469-EP (H-QSOS?-EP) tM/r1 5 / 13
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respectiv
order. The'

pbaraneters of the input series [err]Uerr], in a predeterm ned
correction is perforned based on equation (2) with respect to
the nodel prediction series Y[err] which is successively provided fromthe
output of ithe process nodel, thereby successively providing the output
prediction. series Y[err]. Step 3 An input series is calculated by

usi ng the neMitsubishl KadebQarp. ME1469-EB (H-83087-BPhM/ra di f f er ence bet wegnnltxuﬁ
future output prediction series Y[err] which is obtai ned based o e
process nodel in Step 2, and the val ues of the
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refere‘rle trajectory YR which is obtained in Step 1, in a _

- 17 - time interval fromthe future tine t+Lr to the time t+(L+P)r, is
mnimzed. That is, one output prediction series is selected by the

foll owi ng equation (5), which provides one of the successively calculated

output prediction series Y[Merré, whi ch provides the nearest value to
- Mitsubishi Kasel Corp. MC-469-EP {H-93087-EP) tM/r1 _ 7 /13
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t he refer! ice trajectory series that is prescribed by the reference
trajectorytY[err]. Mnimze [err] (5) where Y[err] is the
reference trajectory series. . The reference trajectory series Y[err]
can be provided, .for instance, by the follow ng equation fromthe out put
at the preseanwubmnKasuCor){[mmbg-EpmEagsbiapm,{ H) -[err] where A gr iind
F are respectively, A weight vector, [err]: a target val ue vect /lr
period wherein the agreenent bet ween the output and the target value is

i nt ended, E:. :
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uni t"ﬂ'ri'x which are expressed by the follow ng equations. In the

foll g equations, ais a paraneter .and O<[err]<l, y(t). is the target

value at the time t, and | is a unit matrix. A:.[a, az, ,,.

aferr]][err] F =diag[l, 1, ..., 1][err] [err] = [[err](t+L)
., [err](t+L+P-1)f1 V\hen the one output prediction series Yp is

'p'rovi ded - VM@&MM(@&PQ&C@@Q-QPW%O&WWM@ the nearest to thg{frsjre

target val ue, as abov he i nput series which provides the ou
prediction series is determined as a
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series oE-the operational anount to adjust the flowrate of the discharged
gas or tHe feed oxo gas. The flow rate of the discharged gas or the feed
0X0 gas i's successively selected based on the series of the operational

anount. 2. Process gain scheduling When the production rate of the
hydrof ornyl at {00 bisht Rasel Corp. MC-469-EP (1-93087-EF) tM/r1 | 10/13
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reacto!fis_changed, the characteristic of process changes in accordance
thereto} wherein especially the change of the process gain which is the
coefficient Klerr] of the transfer function G's) of equation 1 is
conspi cuous. Accordingly, the process gain in the process nodel of

Che.pr oduct s BasecCormg i Rpeer gty BT % 0 Moo o scrb A e i

Is called gain sc

'ng. In
this Exanple, the gain schedullng is perforned, as follows. When Ft
is defined to be a total purging anpunt of gas which is discharged from
t he di scharge control valve, - o
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and F[er_r]l,. ‘F[err] and F[err], respectively, a flowrate of Herr], a flow
rate of CO and a flow rate of an inert conponent in the total discharging
rate, the following equation is established. Flerr] =

Flerr]+F[err] +F[err] : (6) When Alerr], Alerr] and
Alerr] are respectively defined to be a concentration of CO a
concentr at i on Mfsublsbi KdsetCuilp. MC-06EREEG3087-BR) tM/rit he i nert corrponeTZi 1t3e
di scharged. gas, the follow ng equation (7) is established from équdtion

(6).
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- Fo Alerr] =

= Flerr]/Flerr] = F[e'rr]/(F[err] +F[efr] +F[err]) (7)
Wien Alerr] is totally differentiated, the follow ng equation (8) is
provi ded. [err] When equation (8) is substituted by equation
(7), the : '
Musuinsm Kasel Corp. MC-469-EP (H-93087-EP) tM/ri | 13 / 18
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T?I{omnng equation (9) is established , dAlerr] =
LI F[érr]{- (¥ er [eraht(F | FREPLACEMEBNT SHEETS | dFi
err] }V - (9) Fur%ﬁﬁ@#ﬁgﬁ §§J(atl[ ;E]ﬂ”g:zﬁ%ﬁbﬁl H%ﬁ]gfzr] [
defini tion. Desc&;{t@ﬁrbagedFP.@.t.rtb/pEb@H:t... B Claim(s) g@ed 35 1o phdd =
Attty r?ﬁ'almAS) : paged r%‘sg‘%’f o &F o | QVErOrAaHa) OBy eﬁlx)toaggge@é)

! VA1
are establi s and (1ft) Vipe Lof vaplali
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A METHOD OF CONTROLLING A HYDROFORMYLATION REACTION

The present invention relates to a method of
codﬁrolling production ratio of normal aldehyde and
isoaldehyde of a formed product by controlling the
partial pressufe of CO in a reaction system, in a
hydroformylation reaction wherein an oxo gas containing
hydrogen and carbon monoxide (CO)hand an olefin.

A process has conventionally been adopted wherein an
aldehyde contaihing normal aldehyde and isoaldehyde is
formed by a hydroformylation reaction of which raw
material is an oxo gas and an olefin. In.this process, a
meﬁhod has been known wherein the production ratios of
fnormal aldehyde and isoaldehyde (herelnafter production
ratio of aldehyde) is controlled to desired values, by
controlling the partial pressure of CO in a recycled gas
by adjusting the partial pressure (concentretion) of CO
in the oxo gas.

Figure 1 shows a system diagram as an outline diagram

H
of a general process whereln the hydroformylatlon '

reaction is perfo:med.? In,Flgure 1, theasystem is
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dF[er?] = Alerr]dF[err] (12) ~dFferr] = Alerr]dFferr]
(13) -Wien equation (9) is substituted by equations (12) and (13), the

foll oy ng equation are established. dA[err] = (Alerr]Alerr]/Flerr])
dF[ err] (14) Accordingly, dA[err]/dF[err] = _
Alerr]Alerr]/F[err] (15) The left hand side of. equation (15)
Is the change of the -2 -

provided with a hydroformylation reactor 1 and a
gas/liquid separator 2. The reactor 1 is supplied with
raw materials and a catalyst respectively from an olefin
supply line 11, an oxo gas supply line 12 and a catalyst
supply line 14. A gaseous fecyéaed gas separated ét the
.gas/liquid separator 2 iéqagain returned to the reactor 1
~through a recycled gas supply line 13, and an aldehyde is
produced by reaction with an olefin which is a raw
material. The produced aldehyde is withdrawn from an
aldehyde product withdrawing line :15. A discharge
control valve 9 which is set to prevent the accumulation
of inert gas components such as methane, is o
intermittently operated to purge a portion of the
recycled gas.

A target value of the partial pressure of CO in the
recycled gas is provided in correlation to a desired
préduction ratio of aléehyde. A control of the partial
pressure of CO in the oxo gas which is a raw material is
performed for éontrolling the partial pressure of CO in
the recycled gas based on the target value. A control of
a supplied feed hydrogen rate is performed by, for
instance, a PID (proportion, integration and
differentiation) control devicé}'sinqg_thgicontrol of the
partial préssure of'éo is;bbssible Bj aajﬁéting the feed
hydrogen rate which is introduced into the oxo gas
through a hydrogen supply line 16.

The production ratio of aldehyde is often changed in
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partial pressure of COwith respect to the change of a wunit rate of

di schargi ng, that is, the process gain Klerr] defined by equation (1).
Accordingly, the following equation is established. Klerr] =
Alerr]Alerr]/F[err] (16) In case wherein the

pressure of COin the reactor is controlled by controlling the

feed oxo gas flow rate, since the conpogiLtion of the raw material gas

accordance with the demand of product. In such a case,
the target value of the partial pressure of CO in the
recycled gas is newly determined based on the new
production ratio of aldehyde. The feed hydrogen rate_is
newly determined based on the t;rget value, and the
determined feed hydrogedirate is used as a set value for
the PID controller. Normally, the setting out of the
targét value of the partial pressure of CO is carried out
by an operator, and thereafter, the feed hydrogen amount
is PID-controlled such that the rate agrees with the set
value, based on the target value. | |

Further, a method is disclosed in a Soviet Patent
SU1555323, wherein the vield of n-butyl aldehyde is
promoted by changing_ratios of hydrogen and carbon
monoxide in an oxo gas éntering into a reactor, in
accordance with carbon monoxide in a gas effluented from
the reactor, with respect to a method of controlling an
one—-path type hydroformylaﬁion process of propylene which
is different from the above-mentioned gas recycled type
process.

In the above Soviet patent, a ratio of H,/CO in the
supplied oxo gas is chafiged by controlling a flow rate of
a gas adding to the oxo gas, whose hajor component is
carbon monoxide. |

There have been following problems in the
conventional method of controlling a hydroformylation
reaction wherein the feed hydrogen amount is controlled,
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and the reaction tenperature remain al nost constant and the reaction is
stabilized, a reaction rate y remains constant in a steady state, and the

foll owi ng equations are established. Plerr] = 2Y+F[err]
(17) where Plerr] is the feed oxo gas rate. dFferr] = 2dP[ err]
(18) dFferr] = 2dP[ err] (19) where Plerr] is a flow

rate of Herr] and Plerr], a flowrate_off CO in the feed oxo gas, since
the conposition of the raw nmaterial oxo gas is as Herr]/CO = 1. Wen the

Con
equatio (g)qr in the method of the ‘Soviet patent SU1555323 wherein

the feed carbon monoxide amount is controlled..-

@® The time constant of the process is large in the
hydroformylation reaction, and the partial pressure of CO
in the recycled gas-signif%pantiy fluctuates by the
change of the compositioﬁ'of the feed gas. Accordingly,
it is necessary to chénge the set value in many stagés,'
when the set value of the feed hydrogen.amount or feed
carbon monoxide amount is determined, which is a burden
for the operator.

@ Due to the above reason, there causes an individual
difference in the operational results depending on thé
skill of the operator, in chahging the set value of the
feed hydrogen amount or the feed carbon monoxide amount,
and the process is apt to be unstable when the set value
'is changed.

® The control of thé:partial pressure of CO becomes
especially unstable when the production amount per unit
time (production rate) of aldehyde is changed, since the
process characteristic is changed.

@® 1In case wherein much of components other than
hydrogen and carbon monoxide are contained in the raw
material gas, for instance, when the partial pressures of
olefin (propylene), paraffin (propane)lbr other inert gas
are elevated, it is difficult to contrél the partial
pressure of CO in the recycled gas in a desired range,

only through the control of the feed hydrogen amount or
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i s substituted by equations (18) and (19), the following equations are

est abl i shed. dAlerr] = I1/2Ferr](l-2Alerr])[err]dF[err] (20)
From equation (17), dP[err] = dF[err] (21)
Accordi ngly, dA[err]/dP[err] = 1/2Ft(l-2A[err]) (22) The
| eft hand side of equation (22) is the change of the
....5...

the feed carbon monoxide amount.

In view of the problems in the conventional method of-
controlling a hydroformylation reaction, it is an object
of the present invention to provide a method of s
controlling a hydroformy;gt%pn :gaction wherein the a

control of the partial pressure of CO in the reactor is
facilitated, and accordingly, the production ratio of
aldehyde can easily be controlled to a desired value.
According to an aspect of the present invention,

there is provided a method for controlling a |
hydroformylation reaction for producing an aldehyde by

R subjecting an olefin, a feed oxo gas containing hydrogen
and carbon monoxide, and a recycled gas withdrawn from
the reactor and returned to the reactor, to a
hydroformylation reaction in the reactor in the presence
of a catalyst, which comprises: - _

- setting out a targét value for the partial pressure
of carbon monoxide in the reaction system to control the
hydroformylation reaction;

detecting the partial pressure of carbon monoxide
corresponding to the target value; and

comparing the detected partial pressure of carbon
monoxide with the target value to adjust a flow rate of a
discharggd gas discharged from the recfcled gas; or

comparing the detected partiai pressure of carbon
monoxide with the target value to adjust a flow rate of

the feed oxo gas.
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- 21 - partial pressure of COwith respect to the change of a wunit rate
of feed oxo gas, that is, the process gain Kl err] defined by equation (1).
Accordingly, Klerr] is expressed by the follow ng equation (23).

Klerr] = 1/2Ft(I-2A[err]) (23) By changi ng the process
gain in accordance with equation (16) or (23), the transfer function
accurately expressing the process respgnge_can be provided at every
occasi on of the change.

It is possible to produce aldehyde in a desired
production ratio under this construction. It is possible
to prevent the concentration of CO in the reactor from
significantly fluctuating, when the target value of the
partial pressure of CO is changed, by adopting the above
construction.

In a preferable embodiment of this invention, the
detection of carbon monoxide is performed by detecting
the partial pressure of carbon monoxide in the recycled
gas which is returned to the reactor.

Further, in another preferable embodiment, the
detection of the partial pressure of carbon monoxide is
performea by detecting the partial pressure of carbon
monoxide of the oxo gas wherein the recycled gas which is
returned to the reactor joins with the feed oxo gas which
is supplied to the reactor. |

According to another aspect of the present invention,
there is provided a method for controlling a
‘hydroformylation reaction according to the former aspect
further comprising:

storing in a computer a process model for simulating
the hydroformylation réaction which is provided with a
predetermined signal transfer function having an input of
the operational amount to adjust the-fiow rate of the
discharged gas or the feed oxo gas and an output of a
calculated value of the partial.pressure of carbon |

monoxide;
This is the replacement sheet

‘Date: 2 B NOV 1996



Accordingly, it is possible to performthe gain scheduling by obtaining
the value of Klerr] in accordance wth the equation (16) or (23), by
sanpling the process data Alerr], Aco and F[err] fromdetection units at a
constant period, and by changing the value of gain Klerr] of the process
nodel. 3. The feed forward control The partial pressure of COin the
reactor is influenced by the change of5the conposition in the feed oxo
gas. Therefore, to conpensate the variation in the concentration of COin

t he feed oxo gas, a feed faorward
prOJldlng the process model with the input by

successively selecting an input series comprising a
plurality of inputs which are successively generated at
every predetermined cycle;

successively calculating a future output series based
on the output of the process model; |

selecting an output series among the calculated
future output serieé wherein a difference between the
future output series and the predetermined future target
value is small; and

setting out the operational amounf based on the input
series corresponding to the selected one of the output
series.

In a preferable embodiment, the selection one of the
output series from some output series is performed, for
instance, in accordance with the method of least squares.

According to the agbve preferable embodiments, a
stable control of process can be performed irrespective
of the skill of an operator for operating the change.

In the above preferable embodiments, the signals
relating to the flow rate and the composition of gas to
be discharged are detectéd, the coefficient of the signal
transfer function can be provided based on at least the
signals rglating to the flow rate and ﬁhe composition of
the discﬂarged gas. By adopting such a constitution,.a
large variation of the partial pressure of CO in the

reactor can bé restrained and a stable control is made
mbmmmwmmmmmwt
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control is perfornmed wherein the discharging flowrate u or the flowrate
of the feed oxo gas F[err] is controlled. Wen Cerr] is the parti al
pressure (concentration) of COin the recycled gas, and Blerr], the
concentration of COin the feed oxo gas, the follow ng equations (24) and

(25). are established by the nass bal ance around the reactor. du/dt =
(Fi n/ Cco) dBco/ dt (24) -8 - - 22 -
possible.

Further, in the present invention, the signals
concerning the flow rate and the composition of the feed
oxo gas are further detected, and the operational amoqnt
is determined further based on the signals relating to
the detected flow rate and composition. By adopting this
construction, the concentration of CO can be controlled
in a desired range, irrespective of a large variation of
the composition of the feed oxo gas.

In the drawings:

Figure 1 is a system diagram showing a construction
of a system performing a control method of a
hydroformylation reaction in the conventional example and
the first embodiment of this invention;

Figures 2 shows a graph for explaining the control of
this invention;

Figures 3 and 4 age system diagrams showing the
control method of a'hydroformylation reaction of the
second embodiment of this inventioﬁ;

Figﬁre 5 is a graph showing a control result provided
by the control methods of the f£irst and the second
embodiments of this invéntion;

Figure 6 is a graph showing a control result provided
by the Example 3 of this iﬂvention;

Figure 7 is A graph showing a control result provided
by the Example 4 of this invention;

Figure 8 is a graph showing a control result provided
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dFferr]/dt = -(F[err]/Blerr]) [err]dB[err]/d[err] (25) Accordi ngly,
when a variation is caused in the parti al pressure of CO B[err] in the
feed pxo gas, the variation of CO i s conpensated by changi ng the purging
flowrate u based on equation (24) or the flowrate of the feed oxo gas
F[err] based on equation (25) A further detail ed explanation wll be
gi ven of the present invention in reffrence to the draw ngs. The

control nethod of the hydrofornylation reaction in the first enmbodi nent

of this inveyt ittt Hxangflld iPbOWhid ideentbystem for instance, shown by
t he system di agram of

Figure 9 is a graph showing a control result provided
by the Example 6 of this inventién;

Figure 10 is a graph showing a control result
provided by the Comparative Example 1;

Figure 11 is a graph showing a control result
providea by the Comparative Example 2;

Figure 12 is a graph showing a control result
provided by the Comparative Example 3; and

Figure 13 is a graph showing a control result
provided by the Comparative Example 4.

In this invenﬁion, the olefin which is used as a raw
material of a hydroformylation reaction is not
particularly restricted, so far as it is an organic
compound provided at least with one olefinic double bond.
in the molecule. For instance, ethylene, propylene,
butene, butadiene, peﬁéene, hexeﬂe, hexadiene, octene,
octadiene, decene, hexadecene, octadecene and the like
are pointed out.

In this invention, as a catalyst, a Group VIII metal
complex, or a complex soluble ig a solution containing an
organic compound which ;pcluées at least one metal
selected from the group consisting of iron, cobalt,
nickel, ruthenium,.rhodium, palladium,'osmium, iridium
and platihum, and further includes a ligand such as an
organophosphorus compound, for instance, a phosphine such

as triarylphosphine or a phosphate or the like.
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Figure 1 which has been explained in the conventional technol ogy. A
desired value of the partial pressure of COin the recycled gas is set as
the target value in the PI D control device. The discharged flow rate of

t he recycled gas withdrawn fromthe reactor 1 or the feed oxo gas fl ow
rate which is fed to the reactor 1 is controlled based on the target

val ue and a detected anount of the congentration of COin the recycled
gas supply line 13. The control of the discharged flowrate or the feed

OH0, 285, LU L2 5SRO FAA PSR 8 EBTLLE 2 bollRno R relen R 70
in perfo;ming a hydroformylation reaction. However, if
necessary, it is possible to use a solvent inert to the
hydroformylation reaction. As preferable specific
examples of solvents, an aromatic hydrocarbon compound

-such as toluene, xylene or dodecylbenzene and the like,
ketones such as acetone, diethyl ketone, methyl ethyl
ketone, ethers such as tetrahydrofuran, dioxane and the
like, esters such as ethyl acetate, di-n-octylphthalate
and the like, are pointed out.

As a mixture gas of hydrogen and carbon monoxide
subjected to the reaction, an oxo gas or a water gas is
used. In this specification, these are summerizingly
called "oxo gas".

As the reaction condition of the hydroformylation
;eaction process, conventionally adopted conditions can
be used. For insfané;; the reaction temperature is
selected in a range of room temperature through 200°C,
preferably 50°C through 150°C. The_reaction pressure is
selected from a range of an ordinary pressure through 200
atmospheric pressure, preferably 5 through 100
atmospheric pressure, e$pecially préferably, 5 through 50
atmospheric pressure. The molar ratio of hydrogen to
carbon monoxide (H,/CO) is normally seiected from.a range
of lO/l-through'l/lo,.preferably, 1/1 through 6/1. As
the reaction system of the hydroformylation reaction, a
continuous system which is performed in an agitation type

This is the replacement sheet
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gas control valve 10, such that the concentration of CO in the recycled
gas agrees with the target val ue. Figures 3 and 4 show system di agrans
of a systemfor perform ng a second enbodi nent of the control nethod of a
hydrof ormmyl ation reaction. In Figures 3 and 4, this

- 23 - - 11 -
reaction vessel or a bubble tower type reaction vessel,
can be adopted. However, it is preferable to use the
agitation type reaction vessel.

In this invention, the partial pressure of CO in a-
reactor which is provided in correlation with a desired
productioﬁ ratio of an aldehyde which is the reaction
product, is set as, for instance, a target value in a PID
control system, and the partial pressure of CO in the
reactor is controlled to the target value, by controlling
the discharged flow rate of the recycled gas withdrawn
from the reactor or the flow rate of the feed oxo gas
which is supplied to the reaction system, based-on the
setting.

A detailed explanation will further be given to
especially preferable embodiments of this invention, as
follows.. In these embodiments, in controlling the
hydroformylation reactor, various methods.of firstly, a
CO model predictive control, secondly, a process gain
scheduling, and thirdly, a feed forward control, are
adopted.

l. €O model predictive control

First, before the c%ntroi,-ﬁ process model having a
predetermined transfer function is stored in a computer

P for the control. As the process model, for instance, a
system of'time-lag.of first order including a dead time,
is adopted. The transfer function G(s) of this model is

expressed by the following equation.
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systemis provided with a reactor 1, a gas/liquid separator 2, a discharge
control valve 9, an oxo gas feed control valve 10, pipings for respective
routes and a control unit 8, signal detecting units and operation units
are provided at predeterm ned positions, and are connected to the control
unit 8 through wirings for control. The reactor is connected with an
olefin supply line 11, an oxo gas suppiy Line 12 for feeding raw naterial,
and the oxo gas supply line 12 is connected with a hydrogen gas supply

line 16. The reagt of 1 tﬁ }?£+T !s)}-exp(-T,-s) (1)

where Kp is a process gain, T,r A time constant which is
a value provided by a past process response, T,, a dead
time which is a value provided by a past process
response, and s, a Laplacian operator.

Figure 2 is a graph for explaining the behavior of
control in the CO model prediction control. In Figure 2,
a target value R of the partial pressure of CO at the
present time t is stepwisely changed in accordance with
the change of the production ratio of aldehyde. The
operational amount to adjust the flow rate of the
discharged gas or the feed oxo gas which is necessary for
the control, is determined by the process model
predictive control, based on a deviation of the present
partial pressure of CO from the target value of the
partial pressure of CO. The procedure is as follows.
Step 1 | |

A reference trajectory yp having a smoother waveform
is calculated from the given target value R of the
partial pressure of CO. This is performed for avoiding a
situation wherein the system becomes unstable by the
rapid change of the tardet value. An example of the
reference trajectory yg is shown in Figure 2.

Step 2

An output prediction series (partial pressure of CO

of recycled gas) from a future time t+Lr to a time

t+(L+P)r, is expressed with r as a control period, and an
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connected with a catalyst supply line 14, an al dehyde product w thdraw ng
line 15 for withdrawi ng an al dehyde product, connection |ines 17 and 18
bet ween the reactor and the gas/liquid separator 2, and a recycl ed gas
supply line 13 for withdrawing the recycled gas fromthe gas/liquid
separator 2 and for returning it to the reactor 1. A recycl ed gas

di scharge control valve 9 is provided- @3 the side of the gas/liquid
separator 2 of the recycled gas supply line 13. A discharged gas

composition ;3BRLY¥ed il ¥ AR MhAY WY S & SEDGY OFatb 0¥t T4t e
feed oxo gas rate) from the present time t to a time t+Mr
which is exemplified by a broken line, as a paraméter.

M, P and L are respectively a control horizon of the
operational amount, P, a coincidence horizon of an
agreement between an output and a target value, and L,J;
starting time point of the coincidence horizon of an
agreement between an output and a target value, which are
determined in designing the control system. _

ﬁhen yy{t+L) is determined to be a model prediction
value of the partial pressure of CO at the future time
t+Lr which is directly provided by the process model from
one input series, a model prediction series yy including
the prediction value is expressed as follows.

Yy = [yy(t+L), ..., yu(t+L+P-1)]17

Further, when yP(t+L) is determined to an output
prediction value at the time t+Lr which is provided by a
correction of the model prediction value yy(t+L) of the
partial pressure of CO, an output prediction series (the
partial pressure of CO) Y, between the future time t+Lr
and the time t+(L+P—l)f, including the output prediction
value, is similarly exptessed as foilows.

¥p = [yp(t+L), ..., yp(t+L+P-1)]T

A co;rection term of the process médel is provided
for obtéining the output prediction series Y, by
correcting the model prediction éeries ¥y In this case,

a difference between an actually measured value y(t) of
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meter 4 are installed on the exit side of the discharge control.valve 9.
Further, a CO analysis neter 5is installed at the recycled gas supply "
line 13, for analyzing the concentration of COin the recycled gas which
is supplied to the reactor 1. Further, a feed

- 24 - control valve 10 is installed at the oxo gas supply line

- 14 -

the partial pressure of CO at the present time t, and the
output prediction value yy(t) at the present time which
is provided by the process model from the past data, is
determined to be the correction term.

Series Y and ¥, for the above correction are defined
as follows.

Y = [y(t), ..., ¥(t)]

Yo = [lyy(t)s «-or yy(t)]

The output prediction series ¥, is expressed as
follows by the above definition.

Yp = Y +¥-Y¥,, (2)
where there is a following relationship between the model
prediction series Yy, and a series Yko-including the
output prediction value yy,(t) at the present time.

Y, = YyotAp-AUy+A,- AU, (3)
The model p;e@iction series Y, is provided based on the
above equation (3). ﬁhen the model prediction series Y,
is provided, the output prediction series ¥, is provided
based on equation (2).

The second term on the right end side of equation (3)
is a term for future prediction, and.the third term is a
term for prediction baséd on the paét data. Ap in the
second term is a fesponse series of the prediction model

which is expressed as follows.
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12, for controlling a flow rate of the oxo gas which is fed to the reactor
1. The oxo gas supply line 12 is installed with a flowrate neter 6 for
detecting a flow rate of oxo gas and a CO analysis neter 7 for neasuring

t he conposition of oxo gas. The control unit 8 is a process conputer
~which controls the hydroformyl ation reaction systemtotal process, and is
functionally conposed of a data nmenprhziang unit 81 for menorizing once the
detected data from each detecting unit, a feed forward (FF) control unit
82 for conpensating the variation of the conposition _

a s @@L, * * * * *, @ L-He1

al.ol .aL ¥ ey, aL-H”
Ar-_-' *

QLer=ts B rap-2, * * * *, B@LaKsr

a, in the above equation is a step response series
determine by the transfer function, which is expressed as
follows.

a, =0 (0<kr<T;)

a, = Kp{l-exp(~(ke-T.)/Tp)} (Ty<ke)  (4)

a, = ag (s<k)

Further, AUy in the second term of equation (3), is
an input series composed of input parameters from the
time t to the time t+M-1, that is, a series corresponding
to the discharged flow-;ate of the recycled gas or the
flow rate of the feed oxo gas at the respective times
during the above time interval. AU, is expressed as
follows by parameters Au(t) to Au(t+M-l) showing the
discharged flow rate or the flow rate of the feed oxo gas
at the respective time. ¢

AUy = [Au(t),Au(t+l), .., Au(t+M-1)]F
The term_ﬁor future prediction of equation (3) is
calculated by the selection of the respective parameters.

Ay, and AU, in the third term on the right hand side

of equation (3) are respectively a process characteristic
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of the feed oxo gas, a feedback (FB) control unit 83 for controlling the
concentration of COin the recycled gas in accordance with the target

val ue, a nodel calculating wunit 85 for calculating the process nodel

nodel 84 wherein the calculated nodel is stored, and a controller 86 or
87 for controlling the discharged flowrate or the feed oxo gas flow rate.
The operator inputs the target ‘value %f_;he concentration of COin the
recycled gas to the feedback control-ghlt 83 in accordance with the
necessity. It is possible that the control unit 8 is constructed as a DCS
(di stributi omatypa comsuadr inpmrtergeries of operational amount, which

are expressed as follows.

dte1~a4, arez-ad2, ° ° ° ° '.aL-sl-l'as-:.
@rea=@4, Qpes-23, * * * * *, Bies — A sy
As= | ¢ o s o« « v o e e e s e s & & e s ¢
....... . . . e s 4 e 4 b e e s e
Bier=3 1, BLerer=22, * * * °, Bresep-t—Asay

AUy = [Au(t-1), Au(t-2), ..., Au(T-s+1)]T
The third term of equation (3) is provided by the above
A, and AUg.

As stated above, the process computer successively
selects the input series one by one and successively.
input them to the process model, by selecting the
respective param;tersnpf the input series AUy, in a
predetermined order. The correction is performed based
on equation (2) with respect to the model prediction
series ¥, which is successively provided from the output
of the process model, thereby successively providing the
output prediction series Y..

Step 3 £

An input series is calculated by using the method of
least squares, such that a difference between the future
output prediction series ¥, which is obtained based oﬁ
the process model in Step 2, and thé values of the

reference trajectory yp which is obtained in Step 1, in a
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and it is possi bl e that signals of the respective control units is

outputted as control signals of a DDC (direct digital control). I n
t he system constructed as above, the reactor 1 is
25 - continuously supplied with olefin, oxo gas, recycled gas, catalyst
and hydrogen gas by supplying themin accordance

_17..

time interval from the future time t+Lr to the time
t+(L+P)r, is minimized. That is, one output prediction
series is selected by the following equation (5), which
provides one of the successively calculated output
prediction series Yp, which provides the nearest value to
the reference trajectory series that is prescribed by the
reference trajectory yg.

Minimize ||y, - v |[? (5)
where Y, is the reference trajectory series.

The reference trajectory series Y, can be provided,
for instance, by the following équation from the output
at the present time.

Y, = A-F-y(t)+(I-A)-T

where A, " and F are respectively, A: weight vector, I': a
target value vector in a period wherein the agreement
between the output and the target value is intended, E:
unit matrix, which ar; expressed by the following
equations. In the following equations, a is a parameter
and 0<ae<l, y(t) is the target value at the time t, and I
is a unit matrix.

A= la, %, ... &FIT

F = diag[l, 1, ...,.1]7

r

[y(t+L), ..., y{t+L+P-1)]7

When the one output prediction series Yy is provided
which cén provide an output that is the nearest to the
future target value, as above, the input series which
provides the output prediction series is determined as a
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with the reaction condition, through the respective supply lines 11, 12,
13, 14 and 16. Normal al dehyde and i soal dehyde are produced with desired
ratias in the reactor 1, by reacting olefin and oxo gas by a
hydr of ormyl ati on reacti on under predeterm ned tenperature and pressure
with the presence of the catalyst. The obtained al dehyde product is
continuously withdrawn from the | ower pgrtion of the reactor 1 through the
al dehyde product withdrawing line 15, as a |liquid component. . On the
ot her hand, . gaseau onponent in.th reactor_ d. | ] AW 19 t he
gas/ | i qui d S%gg%g?o§92§Pgoﬁgeratlonal Ahount? ¥d aé5d§EV%ﬁJ“¥ w Eate_

of the discharged gas or the feed oxo gas. The flow rate

of the discharged gas or the feed oxo gas is successively
selected based on the series of the operational amount.

2. Process gain scheduling

When the production rate of the hydroformylation
reactor is changed, the characteristic of process changes
in accordance thereto, wherein especially the change of
the process gain which is the coefficient K, of the
transfer function G(s) of equation 1l is conspicuous.
Accordingly, the process gain in the process model of
equation (1) is automatically changed, to maintain a
stablé control, when the production rate is chaﬁged.
This method is called gain scheduling. In this Example,
the gain scheduling is performed, as follows.

When F, is defined to be é total purging amount of
gas which is dischafgéé from the discharge control valve,
and Fg,, Fgo and F;, respectively, a flow rate of H,, a
flow rate of CO and a.flow rate of an inert component in
the total discharging rate, the following equation is
established. |

F, = FgytFeotFy £ {(6)

When Aqg, Ay, and A; are respectively defined to be a
concentratioﬁ of CO, a concentration of.I-I2 and a
concentrétion of the inert component in the discharged
gas, the following equation (7) is established from

equation (6).
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the top portion of the reactor 1 through the line 17, and a gas/liquid
separation is perforned in the gas/liquid separator 2. The |liquid phase
component in the gas/liquid separator 2 is again returned to the reactor 1
through a liquid return line 18, and the gaseous conponent of gas phase is
returned to the bottomportion of the reactor 1 through the recycled gas
supply l'ine 13. The variation in-tRk® econposition of the feed oxo gas
can be conpensated by an operational signal j fromthe feed forward
control unit 82. aThis feegdnf Qt war nLeol 4wl e carffed out based on
equations (24) ofc?ZS)ﬁﬁﬂgih i?%°9(%%zhkc° FiF (v¥ '
When A., is totally differentiated, the following

equation (8) is provided.
dA _ da

dFy, dFco '

When equatioh (8) is substituted by equation (7), the
following equation (9) is established.
dhog = 1/F (- (Fgo/Fy) - Fg,+ (Fyy/F +Fy/F,) <dF0}  (9)

Further, the following equations are established by the

definition.
Aco = FCO/Ft (10)
Agy = Fﬁz/Ft (11)

The following equations (12) and (13) are established in
equations (10) and (11) wherein a variation in
composition is ignored in comparison with a variation in
flow rate, since the composition of raw material gas and
the reaction temperature are maintained almost constant,
and the reaction is stabilized in a steady state.

dFg, = Bg,-dF, (12)

dFcq = Bpg-dF, (13)
When equation (9) is substitﬁtéa by equations (12) and

€
(13), the following equation are established.

dBcg = (A;-Ago/F)-dF, (14)
Accordingly,
dAco/dF, = A;-A.o/F, ' (15)

The left hand side of equation (15) is the change of the
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cal cul ated by the mass bal ance around the reactor 1. The signal a of the
concentration of COin the oxo gas which is detected by the CJO oxo gas

anal ysis neter 7, the ThlsSheet%SBeenR&t
the concentration of COin the recycled gas which is
CO recycled gas analysis neter 5, and the signal b of of t he

0x0 gas which - 20 -

partial pressure of CO with respect to the change of a
unit rate of discharging, that is, the process gain K,
defined by equation (l1). Accordingly, the following
equation is established.

Kp = A;-Beo/Fy (16)

In case wherein the partial pressure of CO in the
reactor is controlled by controlling the feed oxo gas
flow rate, since the composition of the raw material gas
and the reaction temperature remain almost constant and
the reaction is stabilized, a reaction rate y remains
constant in a steady state, and the following equations
are established.

P, = 2y+F, | (17)
where P, is the feed oxo gas rate.

dF, = 1/2dPg, (18)

dF, = 1/2dP¢q - (19) -
where Py, is a flow raée of H, and P.y, a flow rate of CO
in the feed oxo gas, since the composition of the raw
material oxo gas is as Hz/cd = 1. When the equation (9)
is substituted by equations (18) and (19), the following

equations are established.

dAcg = 1/2F (1-2Acq) #AF, (20)
From equation (17),

dp, = 4F, . _ (21)
Accordingly,

dR.o/dP, = 1/2F,(1-2A.4) (22)

The left hand side of equation (22) is the change of the
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is detected by the oxo gas flowrate nmeter 6, are tenporarily stored in a
data nmenorizing unit 81, and are outputted to the feed forward control
unit 82 fromthe data nenorizing unit 81 as data e for the feed forward
control. Based on the signal e, the feed forward control wunit 82
calcul ates the feed forward operationah%fignal ] - Further, the target
val ue of the concentration of CO of 1 recycl ed gas which returns to the
reactor 1, is set to performdesired production ratio of normal_al dehyde
and i soal detpaietidhepressune 6H| COwight hespeatgéo EheuchangehH@ f or med
by controlling the degree . .
unit rate of feed oxo gas, that is, the process gain K,
defined by equation (l). Accordingly, K, is expressed by
the following equation (23). .
Kp = 1/2F, (1-2A,) (23)
By changing the process gain in accordance with
equation (16) or (23), the transfer function accurately
expressing the process response can be provided at every
occasion of the change.
Accordingly, it is possible to perform the gain
scheduling by obtaining the value of K, in accordance
with the equation (16) or (23), by sampling the process
data A;, A,y and F, from detection units at a constant
period, and by changing the wvalue of gain K, of the

process model.

3. The feed forward control

The partial pressute of CO in the reactor is
influenced by the change of the composition in the feed
oxo gas. Therefore, to compensate the variation in the
concentration of CO in the feed oxo gas, a feed forward
control is performed wherein t@g discharging flow rate u
or the flow rate of theifeed&ox; gas F;, is controlled.
When C.o is the partial pressure (concentration) of CO in
the recycled gas, and B.y, the concentration of CO in the
feed oio‘gas, the following equations (24) and (25) are
established by the mass balance around the reactor.

du/dt = (F;,/Cqq) -dBco/d; (24)
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of opening of the gas discharge control valve 9 or the feed oxo gas
control valve 10, based on a feedback operational signal K. The

cal cul ation of the feedback operation signal k is perforned as follows.
The signal ¢ of the concentration of COin the recycled gas which is
detected by the COrecycled gas analysis +#eter 5, is tenporarily stored
in the data nenorizing unit 81. The feedback control wunit 83 is inputted

period. The tar diin/S i Thisn/Bre) p3Peald pr cssur@concent rat i on) of 0O
IS Accordingly, when a variation is caused in the partial
pressure of CO, B,y in the feed oxo gas, the variation of
CO is compensated by changing the purging flow rate u .
based on equation (24) or the flow rate of the feed oxo
gas F;, based on equation (25)

A further detailed explanation will be given bf the
present invention in reference to the drawings. The
control method of the hydroformylation reaction in the
first embodiment of this invention, is carried out in the
system, for instance, shown by the system diagram of
FPigure 1 which has been explained in the conventional
technology. A desired value of the partial pressure of
CO in the recycled gas is set as the target value in the
"PID control device. The diécharged flow rate of the
recycled gas_withdfawn from the reactor 1 or the feed oxo
gas flow rate which is.fed to the reactor 1 is controlled
based on the target value and a detected amount of the
concentration of CO in the recycled gas supply line 13.
The control of the discharged flow rate or the feed éxo
"gas flow rate is carried out by the control of the degree
of opening of the discharge cénééol valve 9 or the feed
gas control valve 10, sué; that the concentration of CO
in the recycled gas agrees with the target value.

Figures 3 and 4 show system diagrams of a system for
performing a second embodiment of the control method of a

hYdroformylation-reaction. In Figures 3 and 4, this
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menori zed in the feedback control unit 83. The cal cul ation of the
process gain Klerr] is carried out - 27 -
as fol-lows. The signal n of the discharged gas conposition showi ng the
conponent conposition (CO and i nert conponent) in 'the discharged gas
which is transmtted fromthe discharged gas conposition anal ysis

- 23 -
system is provided with a reactor 1, a gas/liquid
separator 2, a discharge control vélve 9, an oxo gas feed
control valve 10, pipings for respective routes and a
control unit 8, signal detecting units and operation
units are provided at predetermined positions, and are
connected to the control unit 8 through wirings for
control.

The reactor is connected with an olefin supply line
11, an oxo gas supply line 12 for feeding raw material,
and the oxo gas supply line 12 is connected with a
hydrogen gas supply line 16. The reactor 1 is further
connected with a'catalyst supply line 14, an aldehyde
product withdrawing line 15 for withdrawing an aldehyde
product, conneétion lines 17 and 18 between the reactor
and the gas/liquid separator 2, and a recycled gas supply
‘1line 13 for withdrawing the recycled gas from the
gas/liquid sepérator 2 and for returning it to the
reactor 1.

A recycled gas discharge control valve 9 is provided
on the side of the gas/liquid separator 2 of the recycled
gas supply line 13. A discharged gas composition
analysis meter 3 and ‘@ recycled gas discharge flow rate
meter 4 are installed on the exit side of the discharge
control valve 9.. Further, a CO analysis meter 5 is
installed at the recycled gas supply line 13, for
analyzing the concentration.of CO in the recycled gas

which is supplied to the reactor 1. Further, a feed
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meter 3, and the discharged gas flow rate signal d which I's detected by
the recycled gas discharge flow rate neter 4, are tenporarily stored in
the data menorizing unit 81. The data h for calculating the process
nodel is inputted to the nodel calculating unit 85 at a constant period,
and unit 85 perforns the calculation treatment of equation (16) or (23)
based on the data and cal cul ates the proggss gain. The cal cul ated process
gainis transnmtted to the nodel 84 as an information i for changing the

Py oor Tha o ke 9217810015 1A00Aded Ut (AR AL LU AR O

12, for controlling a flow rate of the oxo gas which is
fed to the reactor 1. The oxo gas supply line 12 is
installed with a flow rate meter 6 for detecting a flow.
rate of oxo gas and a CO analysis meter 7 for measuring
the compositioﬂf§f oxo gas.

The control unit 8 is a process computer which
controls the hydroformylation reaction system total
process, and is functionally composed of a data
memorizing unit 81 for memorizing once the detected data
from each detecting unit, a feed forward (FF) control
unit 82 fof compensating the variation of the composition
of the feed oxo gas, a feedback (FB) control unit 83 for
controlling the concentration of CO in the recycled gas
in accordance with the target value, a model calcuiating
unit 85 for calculatlng the process model, “a’ ‘model 84
wherein the calculated model is stored, and a controller
86 or 87 for controlling the discharged flow rate or the
feed oxo gas flow rate.l The operator inputs the target
value m of the concentration of CO in the recycled gas to
the feedback control unit 83_in,accordance with the
necessity. It is possible that the control unit 8 is
constructed as a DCS (distribution type computer system),
and it is possible that signals of the respective control
units is outputted as control signals of a DDC (direct
digital control).

In the system constructed as above, the reactor 1 is
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nodel . The feedback control unit 83 receives an information g of the
process -nodel fromthe nodel 84, and carries out the operational treatnent
based. on equations (2) through (5). The discharge flow rate of the
recycled gas or the flowrate of the feed oxo gas which minimzes a

di fference between a predicted concentration of COand its target value m
can be provided as an operational quantjidy. k for the feedback control by
this calculation treatnent. The feed forward operational anount j and

the feedback oqsrational anount k re%Peciigely cal cul ated as
contlinuously supplied with olefin; oxo gas, recycled gas,

catalyst and hydrogen gas by supplying them in accordance
with the reaction condition, through the respective
supply lines 11, 12, 13, 14 and 16. ‘Normal aldehyde and
isoaldehyde are produced with desired ratios in the
reactor 1, by reacting olefin and oxo gas by a
hydroformylation reaction under predetermined temperature
and pressure with the presence of the catalyst. The
obtained aldehyde product is continuously withdrawn from
the lower portion of the reactor 1 through the aldehyde
product withdrawing line 15, as a liquid component.

On the other hand, the gaseous component in the
reactor 1 is withdrawn to thelgas/liquid separator 2 from
the top portion of the reactor 1 through the line 17, and
a gas/liquid separation is performed in the gas/liquid
separator 2. The liquid phase component in the
gas/liquid separator i:is again returned to the reactor 1
through a liquid return line 18, and the gaseous
component of gas phase is returned to the bottom portidn
of the reactor 1 through the recycled gas supply line 13.

The variation in the composition of the feed oxo gas
.can be compensated by an operational signal j from the
feed forward controi unit 82. This feed forward control
is carrigd out based on equations (24) or (25) which is
calculaged by the mass balance around the reactor 1. The
signal a of the concentration of CO in the oxo gas which
is detected by the CO/oxo gas analysis meter 7, the
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above, are added at the discharging flow rate controller

- 28 - 86 or the feed flowrate controller 87 and the added result is the
set value thereof. The set value is transmtted to the recycled gas

di scharge control valve 9 or the feed gas control valve 10 as an :
operational signal [err] of the discharge flowrate or the feed ftowrate
for - 26 -

signal ¢ of the concentration of CO in the recycled gas
which is detected by the CO/recycled gas analysis meter
5, and the signal b of the flow rate of the oxo gas which
is detected by the oxo gas flow rate meter 6, are
temporarily stored in a data memorizing unit 81, and are
outputted to the feed forward control unit 82 from the
dat; memorizing unit 81 as data e for the feed forward
control. Based on the signal e, the feed forward control
unit 82 calculates the feed forward operational signal j.

Further, the target value of the concentration of CO
of the recycled gas which returns to the.reactor l, is
set to perform desired production ratio of normal
aldehyde and isoaldehyde. The control following the
farget value can be.performed by controlling the degree
of opening of the gas discharge control valve 9 or the
feed oxo gas control_#alve 10, based on a feedback
operational signal k.

The calculation of the feedback operation Signal k is
performed as follows. The signal c of the concentration
of CO in the recycled gas which is detected by the
CO/recycled gas analysis metg;,ﬁ, is temporarily stored
in the data memorizing upit 8l1. The feedback control
unit 83 is inputted with this signal as the data £ for
the feedback control, at a constant period. The target
value m 6% the partial pressure (concentration) of CO is
memorized in the feedback control unit 83.

The calculation of the process gain Ky is carried out
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controlling the degree of opening. It is possible in place of this
constitution to provide either one of the feed forward operational
quantity j or the feedback operational quantity k to the discharge contro
val ve as an operational amount. EXAMPLE A further detail ed
explanation will be given to the pregggh invention by Exanples and
Conparative Exanples as follows. However, this invention is not restricted

to the follow ng Exanples so far as the_gist thereof does not exceeds the
scope of the%§“é§ﬁ#q§g) The signal n of the discharged gas :

composition showing the component composition (CO and
inert component) in the discharged gas which is
transmitted from the discharged gas composition analysis
meter 3, and the discharged gas flow rate signal d which
is detected by the recycled gas discharge flow rate meter
4, are temporarily stored in the data memorizing unit 81.

The data h for calculating the process model . is
inputted to the model calculating unit 85 at a constant
period, and unit 85 performs the calculation treatment of
equation (16) or (23) based on the data and calculates
the process gain. The calculated process gain is
transmitted tc the model 84 as an information i for
changing the process model, which is used for changing
the transfer function (equation (1)) of the process
model. 'The feedback control unit 83 receives an
information g of the process model from the model 84, and
carries out the operational treatment based on equations
(2) through (5). The discharge flow rate of the recycled
gas or the flow rate of the feed oxo gas which minimizes
a difference between a predicted concentration of CO and
its target value m, can‘Pe p;ofided'aslan operational
quantity k for the feed;;ck control by this calculation
treatment.

The feed forward operational ambunt j and the
feedback operational amount k respectively calculated as

above, are added at the discharging flow rate controller
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EXAMPLE 1 A reaction control was perfornmed under the construction of
equi pnent of the system diagram shown in Figure 1, and by the control

met had of hydrofornylation reaction of the first enbodi nent. The behavi or
of the respective signals in the control is shown as "SPC OFF" on the

| eft hand side of Figure 5. In this control, the target value 21 of the
concentration of CO and the feed oxo~ga38 flowrate 22 were fixed to
constant values. The discharging flow rate 23 and the detected val ue 24 of

the concentg@topntioé £ELENELBR EREHCLBALFRI 1¥TE FRHUIRT (HHeladded

result is the set value thereof. The set value is
transmitted to the recycled gas discharge control valve 9
or the feed gas control valve 10 as an operational signal
€ of the discharge flow rate or the feed flow rate for
controlling the degree of opening. It is possible in
place of this constitution to provide either one of the
feed forward operational quantity j or the feedbaék
operational quantity k to the discharge control valve as
an operational amount.
EXAMPLE

A further detailed explanation will be given to the
present invention by Examples and Comparative Examples as
follows. However, this invention is not restricted to
the following Examples so far as the gist thereof does
not exceeds the scope of the invention.
EXAMPLE 1

A reactién cdntrol was performed under the
construction of equipment of the system diagram shown in
Figufe 1, and by the control method of hydroformylation
reaction of the first embodiqgn;. The behavior of the
respective signals in thg control is shown as "SPC OFF"
on the left hand side of Figure 5. 1In this control, the
target value 21 of the concentration ofACO and the feed
0ox0 gas fiow rafe 22 were fixed to constant values. The
discharging flow rate 23 and the detected value 24 of the

concentration of CO in the recycled gas are respectively
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- 29 - shown. The CO concentration 24 was well controlled in a
predeterm ned range wi thout particularly causing big variations. EXAVPLE
2 . A reaction control was performed under the constitution of the
system di agram shown in Figure 3, and '

_29_

shown. The CO concentration 24 was well controlled in a
predetermined range without particularly causing big
variations.
EXAMPLE 2

A reaction control was performed under the
constitution of the system diagram shown in Figure 3, and
by the control method of hydroformylation reaction of the
second embodiment. The result provided by the control is
shown on the right hand side of Figure 5 as "SPC ON". 1In
this cohtrol, firstly, the target value 21 of the
concentration of CO was changed, and successively, the
feed éxo gas flow rate 22 was stepwisely changed. As a
result, the discharging flow rate 23 well followed the
change of the feed oxo gas flow rate 22, and the detected
value 24 of thg concentration of CO well converged into a
predetermined range centering on the target value 21 of
the concéntratiﬁn of éb.
EXAMPLE 3

An investigation was performéd by a simulated
calculation with respect to the controllability of
reaction in case wherein the supply rate of propylehe was
increased by 10%, under fthe constitution of the system
diagram shown in Figure 1 and by qsing the control method
of hydroformylation of the first embodiment. The supply
quantitf of propylene was increased by 10% which took one
hour, while maintaining the pressure (total pressure) in

the reactor to a predetermined pressure by

This is the replacement shegt

e 2B NOV 9K



by the control method of hydrofornylation reaction of the -second

enbodi nent. The result provided by the control is shown on the right hand
side of Figure 5 as "SPC ON'. In this control, firstly, the target val ue
21 of the concentration of CO was changed, and successively, the feed oxo
gas flowrate 22 was stepw sely changed. As a result, the discharging flow
rate 23 well followed the change of the3Peed oxo gas flow rate 22, and the
detected value 24 of the concentration of CO well|l converged into a

pr eggt er m nedcbaRge1eenEethad seppihe uanddiey daeeRd ko §he,cangepheation

° | control of the concentration of CO in the reactor was
performed by controlling the purging flow amount such
that the CO concentration in the recycled gas was
rendered to the target value. As a result, as shown in
Figure 6, the reaction rate of propylene (PPY), the ratio
of n-butyl aldehyde/isobutyl aldehyde (N/I) obtained by
the reaction, the pressure (total pressure) of the
reactor, and the partial pressure of CO in the reacto¥
were well controlled in predetermined ranges.
EXAMPLE 4

An investigation-was performed by a simulated

calculation with respect to the controllability of
reaction in case wherein the propane concentration in
propylene was increased from 2.5% to 5%, under the
constitution of the systém diagram shown in Figure 1, and -
by using the control method of a hydroformylation
reaction of the first embodiment. The propane
concentration in propylene was instantaneously increased
from 2.5% to 5%, while maintaining the pressure (total
pressure) in the reactor to a predetermined pressure by
controlling the supply gmbunt of the oxo gas, and the
control of the concentration of CO in the reactor was
performed by controlling the dischargihg flow rate such
that thé'CO concentration in the recycled gas was
rendered to its target value. As a result, as shown in

Figure 7, the reaction rate of propylene (PPY), the ratio
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EXAMVPLE 3 An investigation was perfornmed by a simulated calcul ation
Wth respect to the controllability of reaction in case wherein the supply
rat e .of propylene was increased by 10% under the constitution of the
system diagram shown in Figure 1 and by using the control nethod of

hydr of ornyl ati on of the first enbodinment. The supply quantity of propyl ene
was i ncreased by 10% whi ch took one ko3d, -while nmaintaining the pressure
(total pressure) in the reactor to a predeterm ned pressure by

of n-butyl aldehyde/isobutyl aldehyde (N/I) resulted by
the reaction, the pressure (total pressure) of the
reactor, and the partial pressure of CO in the reactor,
were well controlled in predetermined ranges.
EXAMPLE 5

An investigation was preformed by a simulated
calculation on the controllability of reaction in case
wherein the supply amount of propylene was increased by
10%, under the constitution of the system diagram shown
in Figure l,land by using the method of controlling a
hydroformylation reaction of the first embodiment. The
supply rate of propylene was increased by 10% which took
one hour, while maintaining the pressuré (total pressure)
in the reactor to a predetermined pressure by controlling
the discharging flow rate, and the control of the CO -
concentration in the reactor was performed by controlling
the supply rate of the oxo gas such that the CO
concentration in the recycled gas was rendered to the
target value. As a result, as shown in Figure 8, the
reéction raEe of propylene (PPY), the pressure (total
pressure) of the reactor, and the partial pressure of CO
in the reactor were wela:conérolled in predetermined
ranges.
EXAMPLE 6

An ih&estigatién was performed by a simulated
calculation with respect to the controllability of -

reaction in case wherein the concentration of propane in
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- 30°- controlling the supply quantity of the oxo gas, and the control of
the concentration of COin the reactor was perforned by controlling the
purging flow anbunt such that the CO concentration in the recycled gas was
rendered to the target value. As a result, as shown in Figure 6, the
reaction rate of propylene (PPY), the ratio of n-butyl al dehyde/isobutyl

al dehyde (N'1) obtai ned by - 32 -

propylene was increased from 2.5% to 5%, under the
constitution of the system diagram shown in Figure 1, and
by using the control method of the hydroformylation
reaction of the first embodiment. The propane
concentration in propylene was instantaneously increased
from 2.5% to 5%, while maintaining the pressure in the
reactor to a predetermined pressure by controlling the
discharging flow rate, and the control df the CO.
concentration in the reactor was performed by controlling
the supply quantity of the oxo gas such that the CO
concentration in the recycled gas was rendered to the
target value. |

As a result, as shown in Figure 9, the reaction rate
of propylene, the pressure (total pressure) of the
reactor, and the CO partial pressure in the reactor were
well controlled in predetermined ranges.
COMPARATIVE EXAMPLE 1 |

A control was performed similar to Example 3 except
that the discharging flow rate was constant. The
discharging flow rate was.the same as an initial figure
in Example 3. As a result, as:shown in Figure 10, the
partial pressure of CO gradually décreased and the
reaction stopped.
COMPARATIVE EXAMPLE 2

A céﬁtrol was performed similar to Example 5, except
that the CO partial pressure in the reactor was not |

maintained to a predetermined pressure by controlling the
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the reaction, the pressure (total pressure) of the reactor, and the
partial pressure of COin the reactor were well controlled in
predet erm ned ranges. EXAMPLE 4 An investigation was perfornmed by a
simulated calculation with respect to the controllability of reaction in
case wherein the propane concentration in propylene was increased from
2.5%to 5% under the constitution of <4138 system di agram shown in Figure
1, and by using the control nethod of a hydrofornylation reaction of the

first enbodi mplag B Rfa¥PA e while supplying the oxo gas in

ccrrespondence to the supply quantity of propylene. As a
result, as shown in Figure 11, the CO partial pressure in
the reactor could not converge to a range of a
predetermined pressure, and therefore, the N/I ratio of
butyl aldehyde prov1ded by the reactlon could not be
maintained in a predetermined range.
COMPARATIVE EXAMPLE 3

A control was performed similar to Example 4 except
that the discharging was performed at a constant flow
rate, and discharging flow rate was the same as an
initial figure in Example 3, without controlling the
discharging flow rate of the recycled gas. As e result,
as shown in Figure 12, with an increase in the partial
pressure of propane in the reactor, the partial pressure

. of CO gradually decreased, the reaction rate of propylene

decreased owing thereto, and the reaction stopped. '
COMPARATIVE EXAMPLE 4

A control was performed similar to Example 6, except
that the CO partial pressure in the reactor wes not
maintained to a predetermined.pressure by controlling the
feed oxo gas rate, while supplfing the oxo gas in
correspondence with the supply quantity of propylene. As
a result, as shown in Figure 13, the partial pressure of
CO in tﬁe reactor gradually increased and could not
converge into a predetermined range. Therefore, the N/I
ratio of butyl aldehyde resulted by the reaction
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concentration in propylene was instantaneously increased from2.5%to 5%
whil e maintaining the pressure (total pressure) in the reactor to a
predet erm ned pressure by controlling the supply anpbunt of the oxo gas,
and the control of the concentration of COin the reactor was perfornmed
by controlling the discharging flow rate such that the CO concentration in
the recycled gas was rendered to its-tgpget value. As a result, as shown
in Figure 7, the reaction rate of propylene (PPY), the ratio

gradually decreased and could not be maintained in a
predetermined range.

As stated above, according to the present invention,
a constitution is adopted wherein the concentration of-CO
is controlled with a desired concentration of CO in the
reaction éystem as a target value, by cbntrolling a
discharging flow rate qf a recycled gas wifhdrawn from
the reactor or a flow rate of the feed oxo gas which is
fed to the reactor. Therefore, the concentration of CO
in the reactor is not considerably fluctuated in the
change of the target value of the concentration of CO,
and the operation is performed by only setting the target
value to the desired value, and the burden of an operator
is alleviated.

Further, when a constitution is adopted yhereip a
model prediction control is performed by storing a
process model having ;.predetermined transfer function in
a computer, even in case wherein the change of the target
value is especially rapidly performed, a stable control
can be performed in correspondence with the change
without a considerable fluctuation of control.

Therefore, a stable proéess control is especially
facilitated irrespective of an operator who performs the
change. .

Wheﬁ a construction is adopted wherein the

coefficients of the above transfer function are

successively changed by the data provided by the process,
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- 31 - of n-butyl al dehyde/isobutyl aldehyde (N1) resulted by the
reaction, the pressure (total pressure) of the reactor, and the parti al
pressure of COin the reactor, were well controlled in predeterm ned
ranges. EXAMPLE 5 An investigation was preformed by a simul ated
calculation on the controllability of reaction in case wherein the supply
anount of propyl ene was increased by

~ 35 -

even in case wherein the production rate is considerabiy
changed, a stable control can be continued in the
process, without special operation by an operator.

Further, when a construction is adopted wherein a .
variation in the composition of the feed oxo gas is
compensated by changing the discharging flow rate or the
flow rate of the feed oxo gas based on a predetermined
function, the concentration of CO in the reactor can
easily be controlled in a desired range, irrespective of
a considerable variation or difference in the composition
of the feed oxo gas. Therefore, it is possible to

perform the production of aldehyde in a desired ratio.
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10% under the constitution of the system diagram shown in Figure 1, and
by using the nethod of controlling a hydrofornylation reaction of the
first. enbodi ment. The supply rate of propyl ene was _imgg@&g&&ynﬁ@%wi ch
took one hour, while maintaining the pressure (total '

reactor to a predeterm ned pressure by controlling th?ﬂmggma‘m !tl ow
rate, and the control of the CO concentggatd on in the f ormed
by controlling the supply rate of the oxo gas such that the CO

concentratiog%%ﬁukﬁe recycled gas was rendered to the target value. As a
result, as skF i Figure 8, the :

1. A method for controlling a hydroformylation reaction

for producing an aldehyde by subjecting an olefin, a feed
oxo gas containing hydrogen and carbon monoxide, and a .
recycled gas withdrawn from a reactor and returned to the
reactor, to a hydroformylation reaction in the reactor in
the presence of a catalyst, which comprises:

setting out a target value for the partial pressure
of carbon monoxide in the reaction system to control the
hydroformylation reaction;

detecting the partial pressure of carbon monoxide
corresponding to the target value; and

{comparing the detected partial pressure of carbon

monoxide with the target value to adjust a flow rate of a
discharged gas from the reactor; or

comparing the detected partlal pressure of carbon
monoxide with the target value to adjust a flow rate of
the feed oxo gas.
2. The method for controlling a'hydroformylation
reaction according to Claim i, wherein detecting the
partial pressure of carbon monoxide is performed by
detecting the partial pressure of carbon monoxide in the
recycled gas which is returned to the reactor.
3. The method for controlling a hydroformylatlon
reactlon according to Claim 1 or Claim 2, wherein
detecting the partial pressure of carbon monoxide is

performed by detecting the partial pressure of carbon
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reaction rate of propylene (PPY), the pressure @Le%ak-*pré§§ﬁ?€7—6F_the

reactor, and the partial pressure of CO in the react, B&n Reldced
controlled in predeterm ned ranges. EXAMPLE 6 %msg G HEE tion was
performed by a sinulated calculation with respect t mmi lability
of reaction in case wherein the concentration of p _

- 37 - '

monoxide of the oxo gas which is formed by Jjoining the
recycled gas to be returned to the reactor and a feed oxo
gas to be supplied to the reactor.
4, The method for controlling a hydroformylation
reaction according to Claim 1, 2 or 3, wherein the
operational amount to adjust the flow rate of the
discharged gas or the feed oxo gas is provided by a
deviation of the detected partial pressure of carbon
monoxide from the target value.
5. The method for controlling a hydroformylation
reaction accordihg to any one of Claims 1 to 4 further
comprising:.

storing in a computer a process model for simulating
the hydroformylation reaction which is providéd with a
predetermined signal transfer function having an input of
the operational amount to adjust the flow rate of the
discharged gas or théiﬁeed oxo gas and an output of a
calculated value of the partial pressure of carbon
monoxide;

providing the process model with the input by
successively selecting an input series comprising a
plurality of inputs whifZth are successively generated at
every predetermined cycle;

sucqessively calculating a future‘output series based
on the ;utput of the process model;

selecting an output series among the calculated

future output series wherein a difference between the
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- 32 - propylene was increased from2.5%to 5% under the —coenstitutton of
the system di agram shown in Figure 1, and by using the control ne hqp of
the hydroformylation reaction of the first enbodi mefkisS o
concentration in propyl ene was instantaneously increa to 5%
while maintaining the pressure in the reactor to a pr essure
by controlling the discharging flow ratgg and the control of the CO
concentration in the reactor was performed by controlling

future output series and the predetermined future target
value is small; and

setting out the operational amount based on the input
series corresponding to the selected one of the output -
series.
6. The method for controlling a hydroformylation
reaction according to any one of Claims 1 to 5, wherein
selecting the one of the output series is pérformed in
accordance with the method of least squares.
7. The method for controlling a hydroformylation
reaction according to any one of Claims 1 to 6, wherein
coefficients of the signal transfer function are
calculated by detecting signals relating to a flow rate
and a composition of the discharged gas and based on at
least the signals relating to a flow rate and a
composition of the dlscharged gas.
8. The method for controlllng a hydroformylation
reaction according to any one of Claims 1 to 7, wherein
the operational amount is determined by further detecting
signals relating to a flow rate and a composition of the
feed oxo gas and further based:.on the signals relating to
a flow rate and a composition df thé feed oxo gas.
9. The method for controlling a hydroformylation
reaction according to any one of Claims 1 to 8, wherein
adjustiﬁg the flow rate of the discharged gas or the feed
oxo gas is performed by PID-controlling a degree of

opening of the discharged gas or the feed oxo gas control
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t he supply gquantity of the oxo gas such that the CO concentratr on |n the

‘recycled gas was rendered to the target val ue. eet
in Figure 9, the reaction rate of propylene, the pressure (t '
of the reactor, and the CO partial pressure in the reactor I
controlled in predeterm ned ranges. - COVPARATI VE EXAMPLE 1

-was perfornmed simlar to Exanple 3 except that the discharging flow rate
was constant. The discharging fl ow-r@ge-was the sane as an initial figure

valve based on the operational amount.
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in Exanple 3. As a result, as shown in Figure 10, the partial pressure of
CO gradual | y decreased and the reaction stopped. COWARATI VE EXAMPLE 2

A control was performed simlar to Exanple 5, except that the CO partial
pressure in the reactor was not nmintained to a predeterm ned pressure by
controlling the - 40 -

A METHOD (F CONTROLLING A HYDROFORMYLATION REACTION

ABSTRACT

A method for controlling a hydroformylation reacEion
for producing an aldehyde by subjecting an olefin, a feed
oxo gas containing hydrogen and carbon monoxide, and a
recycled gas withdrawn from a reactor and returned to the
reactor, to a hydroformylation reaction in the reactor in
the presence of a catalyst, which comprises:

setting out a target value for the paréial pressure
of carbon monoxide in the reaction system to control the
hydroformylation reaction;

detecting the partial pressure of carbon monoxide
corresponding to the target value; and

comparing the detected partial pressure of carbon
monoxide with Ehe target value to adjust a flow rate of a
discharged gas from thg reactor; or

comparing the deté&ted partial pressure of carbon
monoxide with the target value to adjust a flow rate of

the feed oxo gas.

FIGURE 1
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- 33 - feed oxo gas rate while supplying the oxo gas in correspondence
to the supply quantity of propylene. As a result, as shown in Figure 11,
the GO partial pressure in the reactor could not converge to a range of a
predeterm ned pressure, and therefore, the NI ratio of butyl al dehyde
provi ded by the reaction could not be - Tatntained in a predeterm ned
range. COVPARATI VE EXAMPLE 3 A control was perforned simlar to
Exanpl e 4 except that the discharging was perforned at a constant fl ow

FIGURE |
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rate, and di scharging flow rate was the sane as an

Exanpl e 3, w thout
gas. .As a result,

pressure of propane in the reactor,
decreased, the reaction rate of propyleng _decreased ow ng thereto,

reacti on stopped.
simlar to Exanple
was not

2

FIGURE

controlling the

ini

tial figure in

di scharging flowrate of the recycled

as shown in Figure 12, with an increase in the parti al
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feed oxo gas rate, while supplying the oxo gas in correspondence wth the
supply quantity of propylene. As a result, as shown in Figure 13, the
parti.al pressure of COin the reactor gradually increased and coul d not
converge into a predeterm ned range. Therefore, the NI ratio of butyl

al dehyde r'esult(_ad by the reaction - 3 - - 34 -
FIGURE 3
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gradual |y decreased and could not be maintained in a predeterm ned range.
As stated above, according to the present invention, a constitution is
adopt ed wherein the concentration of CO is controlled with a desired
concentration of COin the reaction systemas a target value, by
controlling a discharging flow rate of. g recycled gas withdrawmn from the
reactor or a flowrate of the feed oxo gas which is fed to the reactor.
Therefore, the concentration of CO in the reactor is not considerably
fluctuated in the change of the target value of the concentration of CO

FIGURE 4
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and the operation is perforned by only setting the target value to the
desired value, and the burden of an operator is alleviated. Furt her,
when.a constitution is adopted wherein a nodel prediction control is
performed by storing a process nodel having a predeterm ned transfer
function in a conputer, even in case whgrein the change of the target
value is especially rapidly perfornmed, a stable control can be perforned
i n correspondence with the change wthout a considerable fluctuation of

control. Therefore, a stable process control is especially
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facilitated I rrespective of an operator who perforns the change. When
a construction is adopted wherein the coefficients of the above transfer
funct.ion are successively changed by the data provided by the process,
- 35 -

- 6 -

O
i & % -~
T x ¥ &
- O
T ;Jc L <B4
T L 3+ o
4
o 5 Lo .
o @ ”
I “ P J: 2 5
° » 2
-t ’a‘ E
g "‘o" B~
T = % 4 =
2 -
©
g — o
1 _- = N T 5
N &
<5
& Lo
S9
(o) £8
\L /=
L T . R O
@ © < N O Q
= 0D 10 sanssaxd [enIed o
G é OH [] - T T |
LL N Al L& T ~ ~— Q

aanssaxd rejoy <

This is the replacement sheet

Date: 2 8 NOV 1996



even in case wherein the production rate is considerably changed, a stable
control can be continued in the process, wthout special operation by an
operator. Further, when a construction is adopted wherein a variation
in the conposition of the feed oxo gas is conpensated by changing the

di scharging flow rate or the flow rate pf_the feed oxo gas based on a
predeterm ned function, the concentration of COin the reactor can easily
be controlled in a desired range, irrespective of a considerable variation
or difference in the conmposition of the feed oxo gas. Therefore, it is

possible to
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perfc;rmthe production of al dehyde in a desired ratio.
What is clained is: 1. A nmethod for producing al dehydes

by subjecting an olefin, a feed oxo gas containing hydrogen and car- bon
nonoxi de, and a recycled gas wthdrawmn froma reactor and returned to the
reactor, to a hydrofornyla- tion reaciign in the reactor in the presence
of a catalyst, which conprises the steps of: providing an operation unit

for adjusting a flowrate of the feed oxo gas supplied to the reactor
or a flow
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rate of a discharged gas fromthe reactor, setting out a target value for
the partial pressure of carbon nonoxide in the reaction systemto

obt ai.n al dehydes with a desired production ratio of nor- mal

al dehyde to isoal dehyde; detecting the partial pressure of carbon

nonoxi de corresponding to the targetgval ue; determ ni ng an
operational anmount of the operation unit required to maintain the
detected partial pres- sure of carbon nonoxi de at the target val ue
based on a deviation of the detected partial pressure of car bon
nonoxi de from the target val ue; and adjusting the ftowrate of the feed
oxo gas or the flow rate of the discharged gas based on the operational
anount . 2. The nethod for producing al dehydes according to claim1,
wherein detecting the partial pressure of car- bon nonoxide is perfornmed by
detecting the partial pressure of carbon nonoxide in the recycled gas which

is returned to the reactor. 3. The nethod for producing al dehydes
according to claimil, whgrermdetectimg the partTat gressgre or car -
—
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bon ﬁDnoxidé I's perfornmed by detecting the partial pressure of carbon
nmonoxi de of the oxo gas which is fornmed by joining the recycled gas to be
retur.ned to the reactor and a feed oxo gas to be supplied to the reactor.

- 37 - 4. The method for producing al dehydes according to claim1l
further conpri sing: storing in a conputger- a process nodel for sinulating
the hydrofornylation reaction which is provided with a predeterm ned
signal transfer function hav- ing an input of the operational anount
to adjust the flowrate of the discharged gas or the feed oxo gas
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and an output of a calculated value of the parti al pressure of carbon
nonoxi de; provi ding the process nodel with the input by suc-

cessi.vely selecting an input series conprising a plurality of inputs
whi ch are successively gener- ated at every predeterm ned cycl e;
successively calculating a future outputiseries based on the output of
t he process nodel; sel ecting an output series anong the cal cul ated future
out put series wherein a difference between the future output series
and the predeterm ned future target value is small and setting out

t he operational anobunt based on the input . series corresponding to the
sel ected one of the out put series. 5. The nmethod for producing

al dehydes according to claim4, wherein selecting the one of the out put
series is performed in accordance with the nethod of |east squares. 6.
The met hod for producing aldehydes according to claimd4 wherein thed
transfer function is expygssed by the foll ow ng eguat&on (1§ A

N/I is out of range
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Q(s)= {Klerr]/(1+T[err])}exp(-Tl[err]) (1) where Kerr] is a
process gain, T[err], atinme constant, T[err], ‘a dead tine and s, a

Lapl aci an operat or. 7. The nethod for producing al dehydes according to
claim4, wherein coefficients of the signal transfer func- tion are

cal cul ated by detecting signals relatiingata a flow rate and a conposition
of the discharged gas and based on at |east the signals relating to a flow
rate and a conposition of the discharged gas.

- 38 -
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8. Tﬁe-rret hod for producing al dehydes according to claim 7, wherein the
process gain K err] which is the coeffi- cient of the signal transfer
function is calculated in ac- cordance with the foll ewing equation (16):

Klerr]=Alerr]Alerr]/Flerr] (16) where Alerr] is a
concentration of an inert conponént in te di scharged gas, Alerr], a
concentration of CO and F[err], a total discharging rate. 9. The met hod

for producing al dehydes according to claim?7, wherein the process gain
Klerr] which, is the coef- ficient of the signal transfer function is
calculated in accordance with the foll owi ng equation (23): Klerr] =(1
- 2Nerr])/2F[err] (23) where Alerr] is a concentration
of COin the discharged gas and F[err], a total discharging rate. 10. "The
nmet hod for producing al dehydes accordlng to claim1, wherein the
operational anmount is deter- mned by further detecting signals relating to
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T

ETS SG
and a conposition of the feell oxo gas and furth e %;LA EM gﬁ%.gti a%g ____
0
g F

relating to a-flowrate and -a conposition of th
net hod for produci ng al dehydes according to cl i
operational anount to adjust the flowrate of {h
det er mi ned based on the fol | owi ng equation (24):H Abstract

e%a S .itg paged .....
pag ..... 0 paged ..

du/dt=(Flerr]/Cerr])[err]dBlerr]/dt _ 54 - (24)  wher &\ JUNSI987
di scharged flow rate, Flerr], a feed oxo gas ro‘DAﬂEQF RESEHEIPT .1 .he.-pa+t.i al
pressure of COin the recy cled s and B er%%ﬁj rt| res ure of CO
in the feed BREE4AS. preggur¢h9 &&qnw aREi hY 8eﬁ65§8ea8 ofding to

cl aim 10, wherein the oper.ational ,anpu t.o adju
un?t rate og d?scgarglng,'@hat lS! éhe process gain K,

defined by equation (1). Accordingly, the following
equation is established.

Kp = A;-Bco/Fy : (186)

In case wherein the partial pressure of CO in the
reactor is controlled by controlling the feed oxo gas
flow rate, since the composition of the raw material gas
and the reaction temperature remain almost constant and,
the reaction is stabilized, a reaction rate y remains
constant in a steady state, and the following equations
are established.

= 2y+F, (17)

where P, is the feed oxo gas rate.

dF, = 2dPg, (18) |
dF, = 2dP¢q o (19) -

where Py, is a flow rate of H, and Poq, 2 flow rate of CO
in the feed oxo gas, since the composition of the raw
material oxo gas is as Hz/cd = 1. When the equation (9)
is substituted by equations (18) and (19), the following
equations are established. |

dA.y = 1/2F (1-2A)*“dF, (20)

From equation (17),

dp, = 4F, (21)
Accordingly,
dA.o/dP, = 1/2F,(1-2Acq) (22)

The left hand side of equation (22) is the change of the
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- 39,- . the flowrate of the feed oxo gas is determ ned based on the

foll ow ng equation (25): dFferr]/dt= -(F[err]/B[err])[err]dB[err]/dt
(25) where F[err] is a feed oxo gas flowrate and B[err], the partial
pressure of COin the feed oxo gas. 13. The met hod for producing

al dehydes according to claim21 or clai m3§,- wherein adjusting the flowrate
of the discharged gas or the feed oxo gas is perfornmed by PID-controlling a
degree of opening of the discharged gas or the feed:oxo gas control valve
based on the oper- ational anount. 14. The method for produci ng al dehydes
according to claim1l1, wherein the olefin is selected fromthe group

What is claimed is: o
1. A method for producing aldehydes by subjecting
an olefin, a feed oxo gas containing hydrogen and car-

bon monoxide, and a recycled gas withdrawn from a

reactor and returned to the reactor, to & hydroformyla-
' tion reaction in the reactor in the presence of a catalyst,

which comprises the steps of:

providing an operation uait for adjusting a flow rate

of the feed oxo gas supplied to the reactor or a flow
rate of a discharged gas from the reactor;

- setting out a target value for the partial pressure of
carbon monoxide in the reaction system to obtain
aldehydes with a desired production ratio of nor-
mal aldehyde to isoaldehyde;

detecting the partial pressure of carbon monoxide

corresponding to the target value;
determining an operational amount of the operation
unit required to maintain the detected partial pres-
sure of carbon monoxide at the target value based
on a deviation of the detected partial pressure of
‘carbon monoxide from the target value; and

adjusting the flow rate of the feed oxo gas or the flow
rate of the discharged gas based on the operational
amount. |

2. The method for producing aldehydes according to
claim 1, wherein detecting the partial pressure of car-
bon monoxide is performed by detecting the partial
pressure of carbon monoxide in the recycled gas which
is returned to the reactor.

3. The method for producing aldehydes according to
claim 1, wherein detecting the partial pressure of car-
bon monoxide is performed by detecting the partial
pressure of carbon monoxide of the oxo gas which is .
formed by joining the recycled gas to be returned to the
reactor and a feed 0xo0 gas to be supplied to the reactor.
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consisti-ng of ethylene, propyl ene, butene, butadiene, pentene, hexene,

hexadi ene, octene, octadi ene, decene, hexadecene and oct adecene. 15. The
met hod for producing al dehydes according to claim1l, wherein the olefin is
propyl ene. 16. The method for producing al dehydes according to claim1,

wherein the catalyst is a Goup VIII negal. conpl ex, 17. The method for
produci ng al dehydes according to claim1l, wherein the reaction tenperature
of the hydrofornylation reaction is in a range of 50[err] through

150[err] C. 18. The method for producing al dehydes according to claim1,
wherein the reaction pressure of the hy- drofornylation reaction is in a

range of 5 through 1mThe}§eth-BIPf6? a@dumgmmm@dmgq@ accordi ng
to claim1, wherel fﬂ§2f drogen to carbon nonoxi de

Herr]/CO in the r of 1/1 20. The
§re£ hod]for)produm ng g ’E}E §°<96?BPEF 8°8?saf4§i ﬁsi@‘ﬂafl reaction .

system of the hydrof or the droformylzmon reaction whi provided
with 2 predetermined signal transfer function hav-
ing an input of the operational amount to adjust the
flow rate of the discharged gas or the feed oxo gas
and an output of a calculated value of the partial
pressure of carbon monoxide;

providing the process model with the input by suc-

cessively selecting an input series comprising a
plurality of inputs which are successively gener-
ated at every predetermined cycle;

successively calculating a futare output sertes based

on the output of the process model;

selecting an output series among the calculated future

output series wherein a difference between the
future output series and the predetermined future
target value is small; and

setting out the operational amount based on the input

series corresponding to the selected one of the
output series.

5. The method for producing aldehydes according to
claim 4, wherein selecting the one of the output series is
performed in accordance with the method of least
squares.

6. The method for producmg a]dehydes accordmg to
claim 4, wherein the transfer function is expressed by
the following equation (1):

G(s)={Kp/(1 + T, )} exp(—Tz-5) ®

where K, is a process gain, T, a time constant, Tz, a
dead time and s, a Laplacian operator.

7. The method for producing aldehydes according to
claim 4, wherein coefficients of the signal transfer func-
tion are calculated by detecting signals relating to a
flow rate and a composition of the discharged gas and
based on at least the signals relating to a flow rate and
a composition of the discharged gas.
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nylatiqQn reaction is a continuous systemperformed in an agitation type
reacting vessel.
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8. The method for producing aldehydes according to
claim 7, wherein the process gain K, which is the coeffi-
cient of the signal transfer function is calcniated in ac-
cordance with the following equation (16):

Kp=Ardco/Fe 18

where A;is a concentration of an inert component in the
discharged gas, A, a concentration of CO and F,, 2~ '
total discharging rate.

9. The method for producing aldehydes according to
claim 7, wherein the process gain Kp which, is the coef-
ficient of the signal transfer function is calculated in
accordance with the following equation (23):

Kp=(1—24c)/2F,; @)

where A is a2 concentration of CO in the discharged
gas and F, a total discharging rate.

10. The method for producing aldehydes according
to claim 1, wherein the operational amount is deter-
mined by further detecting signals relating to a flow rate
and a composition of the feed oxo gas and further based
on the signals relating to a flow rate and a composition
of the feed oxo gas.

11. The method for producing aldehydes according
to claim 10, wherein the operational amount to adjust
the flow rate of the discharged gas is determined based
on the following equation (24):

du/dt=(Fin/Ceq)-dBeo/dt ' (24)

where u is a discharged flow rate, Fi, a feed oxo gas
flow rate, Ceo, the partial pressure of CO in the recycled.
gas and By, the partial pressure of CO in the feed oxo

gas.
12. The method for producing aldehydes according
to claim 10, wherein the operational amount to adjust
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the flow rate of the feed oxo gas is determined based on
the following equation (25):

dFip/dt=—(Fin/Boo)-dBeo/dt (259

where Fi, is a feed oxo gas flow rate and B, the partial
pressure of CO in the feed oxo gas.

13. The method for producing aldehydes according
to claim 1 or claim 4, wherein adjusting the flow rate of
the discharged gas or the feed oxo gas is performed by
PID-controlling a degree of opening of the discharged
gas or the feed oxo gas control valve based on the oper-
ational amount.

14. The method for producing aldehydes according
to claim 1, wherein the olefin is selected from the group
.consisting of ethylene, propylene, butene, butadiene, -
pentene, hexene, hexadiene, octene, octadiene, decene,
hexadecene and octadecene.

15. The method for producing aldehydes according
to claim 1, wherein the olefin is propylene.

16. The method for prodncmg aldehydes according
to claim 1, wherem the catalyst is a Group VIII metal
complex.

17. The method for producmg aldehydes according
to claim 1, wherein the reaction temperature of the
hydroformylation reaction is in a range of 50° through
150° C.

18. The method for producmg aldehydes accordmg

to claim 1, wherein. the reaction pressure of the hy-
droformylation reaction is in a range of 5 through 100
atm. :
19. The method for producing aldehydes according
to claim 1, wherein the molar ratio of hydrogen to
carbon monoxide (H2/CQ) in the reactor is in arange of
1/1 through 6/1.

20. The method for ptoducmg aldehydes according
to claim 1, wherein the reaction system of the hydrofor-
mylation reaction is a continuous system performed in
an agitation type reacting vesscl.
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