METHOD AND APPARATUS FOR CONTROLLING THE CONCENTRATION
RATIO OF REACTANTS IN A FEED-STREAM TO A REACTOR

This invention relates to process control and
more particularly to controlling a ratio of at least
two reactants flowing to a chemical reactor. 1In
another aspect this invention relates to method and

5 apparatus for feed control tc a chemical reactor used
in the production of ether.

In many chemical processes close control of
the ratio of reactants is necessary to ensure that the
reaction favors formation of the desired product. For

10 example, it is known that a tert-alkyl ether can be

: by reacting a primary alcohol with an olefin
ZEAY /;r 9 ey
,// h$v1n§kéfdouble bond on a tertiary carbon atom, as
/. \ (3]

met dhol

A

(féacts with isobutylene or isocamylene to form
. methyl tert-butyl ether (MTBE) or tert-
IBJ aﬁyl meth&l/ether (TAME). The use of excess of

~

2

%{ methanol,?kowever, renders the purification of ethers
“QVery éj
with the resulting difficulties in distillation of

ensive because of the formation of azeotropes,

reaction effluent. Many etherification processes

20 utilize feedstreams which are produced by some previous
process and are often delivered directly to the ether
reactor from a process such as a cracker unit or a
dehydrogenation unit in the same or a nearby plant.
Under such conditions reactive olefin constituents in

25 the olefin feedstream may be present in variable
concentrations due to process variations associated

with its production in the previous process.

CASE: 33289



10

15

30

35

-2 -

Regardless of such variations it is desired to maintain
a close ratio of olefin and alcohol reactants flowing
to the ether reactor. Control in such a manner is both
more in need and more difficult where the reactant is
present in a feedstream in a relatively low
concentration and/or subject to wide variations in
concentration.

In an etherification process individual
feedstreams of reactive olefin and alcohol are provided
to a mixer with the mixed stream fed to the reactor.

As used herein an individual stream is a stream
containing at least one reactant but not all reactants
required for a desired reaction. In the past typical
control approaches for maintaining a constant
concentration ratio of olefin to alcohel in the reactor
feedstream relied on independently controlling the flow
rate of the reactive olefin containing feedstream to a

flow set point. Changes in concentration of reactive

'\in the olefin containing stream, which would

manipulates the flow of one or more individual
feedstreams in response to measured analysis from a
mixed feedstream has proven effective for controlling
the olefin to alcohol concentration ratio, it is
subject to certain limitations. For example, the
analysis of a mixture containing alcchol and olefin
components is complex and the analyzer isg difficult to
calibrate. Further the analysis equipment is difficult
to maintain because of the alcochol preseht in the
sample.

The present invention provides a method and

apparatus for one or more of reducing the cost for
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recovery of unreﬁcted constituents in a reactor
effluent stream; continuocusly controlling the flow of
each reactive component in a mixed feedstream, with
fixed ratios between reactive components, without
measuring concentration of components in the mixed
stream; maintaining a desired isooclefin to alcochol
ratio in a feedstream to an ether reactor; and
improving efficiency in a process for producing a high
purity ether product. -

According to the present invention a method
and apparatus are provided for controlling reactor feed
in which a plurality of individual feedstock containing
streams, at least one of which iz subject to variation
of its desired reactant, are combined to form a mixed
feedstream for the reactor. The desired ratio of
reactive components in the mixed feedstream to the
reactor is maintained by calculating the concentration
ratio in the mixed feedstream to the reactor based on
measured concentration and flow rates of the individual
reactant feedstreams. Flow ratio control is then
applied to the individual reactant streams to maintain
the deszsired concentration ratio in the reactor
feedstream.

In a preferred embodiment for a process
including a hydrocarbon reactant containing feedstream
having a variable concentration of its reactive
component, and an alcohol reactant containing
feedstream having a stable concentration of its
reactiée component, the hydrocarbon feedstream is
analyzed to determine the concentration of the reactive
component, and the flow rate of both the individual
hydrocarbon and alcohol feedstreams are measured.

Based on these measurements and the known stable
concentration of the reactant in the alcchol
feedstream, a concentration ratio of the reactive
components for the mixed feedstream to the reactor is
calculated. Flow ratio control is then applied to the
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individual reactant containing streams, where the
output of a controller for the concentration ratio
resets a flow ratio controller for the individual
reactant feedstreams so as to maintain the desired
reactant concentration ratio for the feedstream to the
reactor.

Brief Description of the Drawings

FIG. 1 is a prior art schematic illustrating
blending control of two chemical components.

FIG. 2 is a schematic illustrating blending
control of two reactive chemical components according
to the invention.

The invention is illustrated and described in
terms of a process for the manufacture of methyl tert-
butyl ether. The invention, however, is applicable to
other manufacturing processes where it is desirable to
control the ratio of reactants flowing to the reactor.

Essentially only two reactants, methanol and
isobutylene are required to produce methyl tert-butyl
ether. However, the blending control of this invention
is applicable to the blending of more than two reactant
gstreams.

Although the invention is illustrated and
described in terms of a specific control system for
feed control for the reactor, the invention is also
applicable to different types and configurations of
reactors which require blended feedstreams.

Dash lines, which designate signal lines in
the drawings, are electrical or pneumatic in this
preferred embodiment. However, the invention is also
applicable to mechanical, hydraulic, or other signal
means for transmitting information. In almost all
control systems some combination of these types of
signals will be used. However, the use of any other
type of signal transmission, compatible with the
process and equipment in use is within the scope of the

invention.
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The controller shown may use various modes of
control such as proportional, proportional-integral,
proportional-derivative, or proportional-integral-
derivative. In this preferred embodiment,
propertional-integral controllers are preferred but any
controller capable of accepting two input signals and
producing a scaled output signal, representative of the
comparison of the two input signals, is within the
scope of this invention. The operation of
proportional-iﬁtegral controllers is well known in the
art. The output control signal of a proportional-
integral controller may be represented as

. S=K1e+K2fedt
where:
S=output control signal
e=error between two input signals
Ky and Ky=constants

The scaling of an cutput signal by a
controller is well known in control systems art.
Essentially the output of a controller may be scaled to
represent any desired factor or variable. An example
of this is where a desired pressure and an actual
pressure are compared in a controller. The output of
the controller could be a signal representative of a
desired.change in the flow rate of some gas to make the
desired and actual pressuresz equal. On the other hand,
the same output signal could be scaled to represent a
percentage or could be scaled to represent a
temperature change required to make the desired and
actual pressures equal. If the controller has an
output that can range from 0-10 volts, which is
typical, then the output signal could be scaled so that
an output signal of 5 volts corresponds to 50 percent
of some specified flow rate or some specified
temperature.

The various transducing means used to measure

parameters which characterize the process and the
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various signals generated thereby may take a variety of
forms or formats. For example, the control elements of
this system can be implemented using electrical analog,
digital electronic, pneumatic, hydraulic, mechanical,
or other similar types of equipment or combinations of
one or more such equipment types.

. The presently preferred embodiment of the
invention utilizes distributed control in which the
blending of feed components iz managed by its own
digital computer/controller, with the whole plant
interconnected to form a single entity by a
communication systems commonly known as data highways.

The distributed control system is used in the
preferred embodiment of this invention to calculate the
required control signals based on measured process
variables and parameters as well as set points suppliéd
to the control system. However, any computer control
system having software that allows operation in a real
time environment for reading values of external
variables and transmitting signals is suitable £for use
in this invention.

Signal lines are also utilized to represent
the results of calculations carried out in a digital
computer and the term "signal" is utilized to refer to
such results. Thus the term signal is used not only
to refer to electrical currents or pneumatic pressures
but it is also used to refer to binary representations
of a calculated or measured value. The apparﬁtus and
method of the invention can accordingly be implemented
using a wide variety of specific equipment available to
and understood by those gkilled in the process control
art.

Referring now to FIG. 1 there is shown a
conventional blending feed contrel for an ether reactor
which is generally indicated at 10. Details of the
process flow of material to the reactor will be more
fully described in reference to FIG. 2 hereinafter. 1In



10

15

20

25

30

35

-7 -

this conventional control system of FIG. 1 an analyzer
system generally indicated at 14, measures
concentration of two reactants in the mixed feedstream
and calculates a concentration ratio. The measured
concentration ratio is compared toc a ratio set point in
the analyzer controller generally shown at 16, with the
ocutputted analyzer control signal resetting a flow
ratio controller which is generaily shown at 18. The
output of the flow ratio controller is used to reset a
flow controller for the reactant stream having the most
stable concentration to thereby maintain the desired
analysis ratio shown at 16.

Referring now to FIG. 2, there is illustrated
the same process flow as shown in FIG. 1 but which is
controlled according to this invention. A first
conduit 20 having a flow control valve 22 associated
therewith, and a second feed conduit 24 having a flow
control valve 26 associated therewith are shown. The
conduits 20 and 24 are adapted to provide flow of
individual feedstock material through the associated
valves 22 and 26 to a junction point 28 where they are
combined to form a fresh feedstream flowing in conduit
30 to the reactor 40. A suitable means for mixing,
such as a static mixer shown at 32, is provided to
insure that the material flowing through conduit 30 is
substantially homogenous before entering the reactor
40. In the preferred embodiment illustrated, the
material carried in conduit 20 is a stream containing
isobutylene such asz e.g., a butane-butylene stream from
a cracking unit which contains from about ten to about
twenty five percent of the reactive isobutylene
component. In such a stream, the isobutylene content
is often relatively low and generally varies even from
hour to hour. Alternately, the material carried in
conduit 20 is a stream containing isobutylene from a
dehydrogenation unit which contains up to about forty

percent of the reactive iscobutylene, but which
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isobutylene concentration may also vary. The feed
material carried in conduit 24 iz methanol, which is
delivered from bulk storage and is therefore not
subject to uncontrocllable variations in overall
composition or in methane content.

Operably associated with each conduits 20 and
24 is a respective flow transducer 42 and 44, each of
which produces a respective flow signal 46 and 48 which
is representative of the volume flow rate of feed
material carried through the conduits with which it is
associated. _

Analysis transducer 50 is adapted to take a
sample of fresh process feed material from the conduit
20 and to deliver, in response to the analysis of the
reactant containing stream, an isobutylene
concentration signal 52 which is representative of the
volume fraction of iscbutylene in the fresh feed
flowing through conduit 20. )

A computer calculation block 100, preferably
associated with a distributed control system, receives
as inputs thereto the flow rate signals 46 and 48,
concentration signal 52 and an operator entered signal
54 which is representative of the stable methancl
concentration of the haterial flowing in conduit 24.
This methanol concentration signal would typically be
set to about 100 percent. Asg previously noted,
methanol is delivered from storage and is not subject
to uncontrelled variation in overall composition or in
methane content. In response to signals 46, 48, 52 and
54 computer calculation block 100 provides an output
signal 60 representative of the concentration of
isobutylene flowing in the mixed feedstream to the
reactor, and another output signal 62 representative of
the concentration of methanol flowing in the mixed
feedstream to the reactor. Sigmnal 60 and 62 are
calculated in accordance with the following formulas:
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Ci,m=(F¢,0%Cy,0)/ (Fy, o+F¢,a)
Cu, M= (Fr,aXCp, a) / (Fe, o+F¢,a)
where: C=Concentration, Vol.$%
F=Flow rate, bbl/hr

Subscripts: t=all components =olefin feedstream
i=isobutylene A=alcohol feedstream
=methanol . =mixed stream

The present invention encompasses a feed
forward control scheme in which changes in reactant
composition which would change the iscbutylene to
methanol ratio of the mixed feedstream are detected by
measurements ahead of the mixing junction 28, and
accordingly are made without waiting for a change to
occur in the feedstream to the reactor. Corrections
are made by calculating the isobutylene to methancl
ratio in computation block 64, and providing signal 66
which inferentially represents the isobutylene to
metharnol ratio in the mixed feedstream to the reactor,
as a process variable input to analyzer controller 68.
Analyzer controller 68 is alsc provided with a set
point signal input 70 which is representative of a
desired isobutylene to methanol concentration ratio for
the mixed feedstream.

In response to signal 66 and 70 analyzer
controller 68 produces an output signal 72 which is
responsive to the difference between signal 66 and 70.
Signal 72 is scaled to be representative of the flow
ratio of the materials flowing in the individual olefin
feedstfeam 20 to the material flow in the individual
alcohcl stream 24. Signal 72 is provided as a variable
input to flow controller 74. Also provided to a
variable input of flow controller 74 is a flow ratio
signal 76 which is representative of the flow ratio of
material flowing in olefin stream 20 to the alcohol
stream 24. Signal 76 is provided from the ratio
computation block 78 based on flow signals 46 and 48.

Flow contrcller 74 provides an output signal
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80 which is responsive to the difference between signal
72 and 76 and signal 80 is scaled to be representative
of the actual flow rate of material in individual
feedstream 24 required to make the flow ratio
represented by signal 76 substantially equal to the
flow ratio represented by signal 72. Signal 80 is
provided a variable input to controller 84. Also
provided to controller 84 is a signal 48 which is
representative of the actual f£low rate material in
individual feedstream 24. Flow controller 84 provides
an output signal 86 which is responsive to the
difference between signals 80 and 48. Signal 86 is
scaled to be rep;esentative of the position of control
valve 26 required to maintain the flow ratio
represented by signal 48 substantially equal to the
flow rate represented by signal 80. The control scheme
is completed with the addition of flow controller 90
which receives variable signal 46 representative of the
actual flow rate in the oclefin feedstream 20, and a set
point signal 92 which is representative of a desired
flow rate for feedstream 20. In response to signals 46
and 92 flow controller 90 provides an output signal 94
which is responsive to the difference between signals
46 and 52. Signal 94 is scaled to be representative of
the position control valve 22 required to maintain the
actual flow rate in feedstream 20 substantially equal
to the desired flow rate represented by signal %2 and

control valve 22 is manipulated in response to signal 94.

The invention had been described in terms of
a presently preferred embodiment as illustrated in FIG.
2. Specific components which can be used in the
practice of this invention as illustrated in FIG. 2,
such as flow transducers and analyzer transducers,
computer process control equipment are each well known,
commercially available contrcl components such as are
described at length in Perry’s Chemical Engineering
Handbook, Sixth Edition, Chapter 22.
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1. A method for controlling the concentration ratio of

reactants in a feedstream to a reactor, wherein a plurality
of feedstock containing streams are combined to form a mixed
feedstream, and wherein a first feedstream containing a first
reactant is subject to variations in its reactant
concentration, and a second feedstream containing a second
reactant is essentially stable in reactant concentration,
said method comprising:

establishing a first signal representative of the
actual flow rate of said first feedstream;

establishing a second signal representative of the
actual flow rate of said second feedstream;

establishing a third signal representative of the
ratio of said first signal and said second signal;

establishing a fourth signal representative of the
actual concentration of said first reactant in said first
feedstream;

using a computer for calculating the concentration
of said first reactant and said second reactant in said mixed
feedstream based on said first signal, said second signal and
said fourth signal, wherein said computer establishes a fifth
signal representative of the concentration of said first
reactant in said mixed feedstream, and a sixth signal
representative of the concentration of said second reactant
in said mixed feedstream; _

establishing a seventh signal representative of the
ratio of said f£ifth signal and said sixth signal; and

manipulating the flow rate of said second stream in
response to said third signal and said seventh sgignal, to
thereby maintain a desired ratio of said first reactant to
said second reactant in said mixed stream.
2. A method in accordance with claim 1, additionally
comprising:

establishing an eighth signal representative of
said desired ratio of said first reactant to said second

CASE: 33289 ﬁﬂ‘iﬂ\m@
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comparing said seventh signal and said eighth
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reactant in said mixed feedstream; and

signal and establishing a ninth signal responsive to the
difference between said seventh signal and said eighth
signal, wherein said ninth signal is scaled to be
representative of the flow ratic of said first feedstream to
said second feedstream required to maintain the ratio of said
firast reactant to said second reactant in said mixed
feedstream represented by said seventh gignal substantially
equal to the desired ratio represented by said eighth signal.
3. A method in accordance with claim 2, additionally
comprising:

comparing said third signal and said ninth signal
establishing a tenth signal responsgive to the difference
between said third signal and said ninth signal, wherein said
tenth =2ignal is scaled to be representative of the flow rate
of said second feedstream required to maintain the flow ratio
represented by said third signal substantially equal to the
ratio represented by said ninth signal.
4. A method in accordance with any one of claims 1-3,
wherein said first reactant is a hydrocarbon which is
isobutylene or isoamylene, and said second reactant is an
alcohol which is methanol or ethanol.
5. A method in accordance with any one of the
preceding claims, additionally comprising:

using a constant number representative of the
concentration of said reactant in said second feedstream for
calculating the concentration of said first and second
reactants.
6. Apparatus for carrying out a chemical reaction
under controlled conditions comprising a reactor; a mixer for
combining two fluid streams; means for supplying a first
feedstream containing a first reactant to an inlet of said
mixer, wherein said first reactant is subject to variations
in concentration in said first feedstream;

means for supplying a second feedstream containing
a second reactant to said inlet of said mixer, wherein said

second reactant is essentially stable in concentration in

RO AR N
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said second feedstream; and

means for supplying a mixed feedstream from an
outlet of said mixer to the feed inlet of said reactor;
comprising

means for establishing a first signal
representative of the actual flow rate of said first
feedstream;

means for establishing a second signal
representative of the actual flow rate of said second
feedstream;

means for establishing a third signal
representative of the ratio of said first sigmnal to said
second sigmal; ‘.

means for estaﬁlishing a fourth signal
representative of the actual concentration of said first
reactant in said first feedstream;

a computer programmed for calculating the
concentration of said first reactant and . said second reactant
in said mixed feedstream based on said first signal, said
second signal and said fourth sigmal, and wherein said
computer establishes a fifth signal representative of the
concentration of said first reactant in said mixed
feedstream, and a sixth signal representative of the
concentration of said gecond reactant in said mixed
-feedstrean;

means for establishing a seventh signal
representative of the ratio of said f£ifth sigmal to said
sixth signal; and

means for manipulating the flow rate of said second
feedstream in response to said third signal and said seventh
signal, to thereby maintain a desired concentration ratio of
said first reactant to said second reactant in said mixed
feedstream.

7. Apparatus in accordance with claim 6, additionally
comprising:

means for establishing an eighth sigmal
representative of said desired ratio of said first reactant

and said second reactant in said mixed feedstream;
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means for comparing said seventh signal and said

eighth signal and establishing a ninth signal responsive to
the difference between said seventh signal and said eighth
signal, wherein said ninth signal is scaled to be
representative of the flow ratio of said first feedstream to
said second feedstream required to maintain the concentration
ratio of said first reactant to said second reactant in said
mixed feedstream represented by said seventh signal
substantially equal to the desired ratio represented by said
eighth signal.
B. Apparatus in accordance with claim 7, additionally
comprising:

means for comparing said third signal and said
ninth signal and establishing a tenth signal responsive to
the difference between said third signal and said ninth
signal, wherein said tenth signal is scaled to be
representative of the flow rate of said szecond feedstream
required to maintain the flow ratio represented by said third
signal substantially equal to the ratio represented by said
ninth signal.
9. Apparatus in accordance with any one of claims 6-8,
wherein said computer programmed for calculating the
concentration of said first reactant and said second reactant
in said mixed feedstream comprises computer means associated
with a distributed control system.
10. Apparatus in accordance with any one of claims 6-9,
wherein said reactor comprigses an ether reactor.
11, Apparatus in accordance with any one of claims 6-
10, wherein said first reactant is a hydrocarbon which is
isobutylene or isoamylene, and said second reactant is an
alcohol which is methanol or ethancl.
12, Apparatus in accordance with any one of claims 6-
11, wherein the calculated concentration of said first and
second reactants is additionally based on a constant number
representative of the concentration of zaid second reactant

in said second feedstream.
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