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(7] CHEMPAL REACTCR FEED CONTROL This invention relate
C ntrol'and nor e partlculargé to controlling a ratio of -*1*&@8HEF%@MQ FEN

reactants flowing to a chem d&or. In another aspec thlsﬁpnw@ﬁgjo
relates to a method and apparatus for feed control to a cremreaReacts
used in the production of et r CKGROUND_ OF THE | N\VENTI ON | n many
chem cal processes close contro f the ratl reactants i s necessary to
ensure that the reaction favors formation of the desi red product. For
exanple, it is known that a tert-al kyl ether can be prepared by reacting a
primary al cohol with an ol efin having a double bond on a tertiary carbon
atom as nethanol reacts with isobutylene or isoanylene to form

E?ZRE;Fi¥ﬁgyd@E&ﬁ¥ﬁ)hsgiégggﬁgpﬁkgthanwgﬁﬁtma wever, Hﬁg%ggyge?ﬁgkgﬁyﬁs{cation

of ethers very exggaph\Grb@EAUFANTS fA FREBNTIAN'TO A REACTOR

This invention relates to process control and
more particularly to controlling a ratio of at least
two reacﬁants flowing to a chemical reactor. The
invention further relates to a method and an apparatus

5 for feed control to 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
prepared by reacting a primary alcohol with an olefin
having a double bond on a tertiary carbon atom, as -
methanol reacts with isobutylene or iscamylene to form
respectively methyl tert-butyl ether (MTBE) or tert-

15 amyl methyl ether (TAME). The use of an excess of
methanol, however, renders the purification of'ethers.'
very expensive because of the formation of azeotropes,
with the resulting difficulties in distillation of
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 ﬁrevious process.
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aZeotropesﬁ%MAth the resulting difficulties in distillatipnﬂak H Noeen
ef fluents. Many etherification processes utilize feedstreal g LS E

groduced by sone previous process and are often delivered

ether reactor froma process such as a cracker unit or a dehydr ogenat i on
unit in the same or a nearby plant. Under such conditions reactive olefin
constituents in the olefin feedstream may be present in variable

concentrations dﬂsgsea&agsegf ¥RELOLL2RA28AACHR! ¢ Woblirels b adutitadn |
t he previous proceSs. Regardless of such variation s desired t

mai ntain a closearﬁipéeoFaGFEfPﬁ Sﬁﬂf&PcGHGIaFG&BPinF§aFF6ﬁFﬁgf GWFHQ et her
\r/\gact O{h Cont r;?l ttbntEHCEtheli‘HliaﬁE:tb% .botbntrod &g BacH anﬁame disf biothl t
ere the reactant copponent, i s .presen e trea ively |ow"
aredimEH Bale

concentration anBPEF sHHPEEE AR, PIES, eESn %PIOH In an

etherificati®n pcompsaenndnalpuabeheedstaei#sdetreeacinvs @Héﬁmnvaﬂw
al cohol ~are provjdgd gbfie nq}:é%&ow LiayBe Blkgdcott keawihedvhe iRe oh8aqhor -

As used herein an-rndrvi reactant streamis a stream coniaining at
| east one r eact agenggntgation.

_ In an etherification process individual
feedstreams of reactive olefin and alcohol are provided
10 to a mixer with the mixed stream fed to the reactor.
As used herein an individual reactant stream is a
stream containing at least one reactant but not all of
the reactants required for a desired reaction. . .
Feedstreams containing unreactive hydrocarbons such as
15 iscbutane, herein called lean feedstreams, may also be
advantageously employed in the etherification process.
For example, a lean feed supplied to the reactor along
with the individual reactant streams can aid in the
separation steps following the reaction. In the past
20 typical control approaches for maintaining a constant
_ concentration ratio of olefin to alcochol in the reactor
feedstream relied on indeﬁendently controlling the flow
rate of the olefin containing feedstream to a flow set
point. Changes in concentration of reactive olefin in
25 the olefin containing stream, which would cause a
variation in the olefin to alcohol concentration ratio
in the reactor feed, are detected by analyzing the
mixed feedstream to determine the actual ratio of
olefin/alcohol, and then manipulating the individual
30 alcohol stream to avoid a change in the ratio. While
the above described control method which 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
35 alcohol concentration ratio, it is subject to certain
1imitations. For example, the analysis of a mixture
containing alcohol and oiefin components is complex and
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al’l of ‘the reactants required for a desired reaction. FegaStrears === ‘
cont ai ni'ng unreactive hydrocarbons such as isobutane, heﬂeFH@GwMQﬂﬁ$%§ﬁEN
f'eedstreanms, may al so be advantageously enployed in the dtheri BERBATER

process. For exanple, a |ean feed CASE: 33290 supplied to the reactor
along with-the individual reactant streans.cqn.aid in the separation steps
followng the reaction. .In the past typical control approaches for

mai n: ai n} ngda CO'Hiea&]fnél A dITE lctilit) tof calldbraten alFmitler rtlhdie
Of of i 1 cont ai ni @ISR SRRt 1 R 5o Comatnata, AT R on-
pf reaptlvg ol ef ithe @Mduhaﬂegresenhﬂinlhhq;ammgknn whi ch woul d cause a
are detected by anal yzi ng TS WesgH SN Jehiited o iReiiar g f eec
5 an apparatus for cont;nuously controlling the flow of
each reactive component in a mixed feedstream, with
fixed ratios between reactive components, without
measuring the concentration of each reactive component
in the mixed stream, such as for maintaining a desired
10 isoolefin to alcohol ratio in a feedstream to an ether
reactor.

Advantages of the invention can include a
reduction in the cost for recovery of unreacted
constituents in a reactor effluent stream, and/or

15 improvement in the efficiency of a process for
producing a high purity ether product.
| According ﬁo the present invention the
foregoing is obtained by a method and apparatus for
controlling reactor feed. The reactor feed is made up
20 by first combining a reactive olefin stream, which is
subject to variation in concentration of the reactive
olefin, and a lean hydrocarbon feedstream in a first
mixer to form a mixed hydrocarbon feedstream. The
mixed hydrocarbon feedstream is then combined with a
25 reactive alcohol feedstream, which has a known and
stable reactant concentration, in a second mixer to
form the complete feedstream for the reactor. The
desired ratio of reactive components in the complete
feedstream to the reactor is achieved by measuring the
30 cdncentfation of reactive olefin in the mixed
hydrocarbon stream upstream of the mixing junction for
the alcoﬁol feedstream, and then manipulating the flow
rate .of the lean hydrocarbon stream to maintain a
desired concentration of reactive olefin in the mixed
35 hydrocafbon stream.' Flow ratio control is then applied
to maintain a desiré& ratio of reactive olefin to
alcohol in the complete reactor feedstream by
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ratio of ol efin/alcohol, and then manipul ating the indivigHar—a TONU ,'
stream to avoid a change in the ratio. VWile the above de cTﬁ'%éb',E&BriE ?}i,ﬁEEN
met hod whi ch mani pul ates the flow of one or nore individual fe Ln

response to neasured analysis froma m xed feedstream has proven effective
for controlling the olefin to al cohol concenggration ratio, it is subject to
certain limtations. For exanple, the analysis of a m xture contai ning

al cohol and ol ef idaXAIlROEERY Sa | £16@ 'Y €20 6 tHe miled 2eydiccdtbéncul t to

calibrate. Further_the analysis_ e nt is difficult,_to,maintain because

of the al cohol prse%’fﬁﬁmﬂ ng% h&® %%%ggﬁ‘”ﬁe’?mt’a?f"ob']"°ec‘fh%fﬁf‘%\"élguaf

invention to redudcalel castedmrwhiclh iy afstabbactancomrrationnes ivsa

reactor ef fl uent SJ&aibe Aihiitedd] Coind Sed fobfiidd Pl Yrgad 1k Le 1 oW
I a

of each reactive conponent I m xed Teedstream wt | xed ratios between
reactive conpfoneRZOCefs HAKizhle ANPRE tHR IRtk iRt FFatkRkh reacti ve

conmponent in the dAn@kbFléLMRidH mhénfoulld Ced PEe [ XowtfEd Of tHe S
'nvention to Wmlgégékf%ékgiééﬁ%l feedstream.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a prior art schematic illustrating

10 blending control of two chemical components.

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

The invention is illustrated and described in

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

20 Essentially only two reéctants, 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

. streams. :

25 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.

30 ) 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

35 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
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i sool efin to alcohol ratio in a feedstreamto an ether redcior 4éhH §%EE&
anot her -object to inprove efficiency in a process for proguc ﬁ
purlty et her product. SUVMARY OF THE | NVENTI ON According f{
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i nvention the foregoing and ot her objects are obtained by a nethod and
apparatus for controlling reactor feed. The reactor feed is nade up by

first conbining a reactive olefin stream whiPch i s subject to variation in
éiﬁéé&@céﬁxe %Lgé i A0 Lef€ W eRS a£98“s£§8§ %?ﬁgﬁéggn
'f eedstream mhlch has a

concentrati on of
a first m xer

feedstreami s thennumw#mmd mnth a reactive al cohol

orm a n1xed ocar bon eeds r eam

known and stabl e reactant C@HGe&éﬁéiéffer'HhéwﬁQQQQdu§%X€§r18u§Qﬁ&&&@eof
conpl ete feedstream for_the reactor. The
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control such as proportional, proportional-integral,
proportional-derivative, or proportional-integral-
derivative. In this preferred embodiment,
proportional-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-integral controllers is well known in the
art. The output control signal of é'proportional-
integral controller may be represented as

S=K,e+K,fedt

where:

S=output control sigmnal

e=error between two input signals

K, and Ky=constants

The scaling of an output 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 pressures equal. On the other hand,
the same output signal could be scaled to represent a
percentage or could be scaled to represent a
temperature éhange 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. - ';F“““-————-—_______
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Ddte:.... 05 MAY 1997 desired ratio of reactive conponent $ i—,q,sté]@Egaqqpé?EgN
feedstreanlto the reactor is achieved by neasuring the cqncentggpLQ@Eg

reactive olefin in the mxed hydrocarbon stream upstrea he—i-xi-ng

junction for the al cohol feedstream and then nmanipul ating the flow rate of
the | ean hydrocarbon streamto maintain a degited concentration of reactive
olefin in the m xed hydrocarbon stream Flow ratio control is then applied
to maintain a desired rati oriod vaﬂmds/a:ﬁrﬁ‘dubing akesriw|used t e meaphes e
reactor feedstream.b aI cu rafj f th d arbon
stream of contraair, o%erﬁq?ia(fq?o ar’faovﬁ%!aizenatq‘e Ieéga%seo%&%du?ream whi ch
has a stabl e conomticatd igrals genmusted themane may Hake # cwaziety foHw

ratio is the pro ut I t
Foine/ ]felrf %ﬁaw Fot Gt | eid ledridddL COTURQAL ST £

whi ch mani pul ate ow rate of the reactive al cohol_ feedstream O

obj ects and &dvarkbgc S¥Ftem camkatinplepent %%a&e%ﬁﬁ%éﬂﬂﬁm ng
brief descriptiogigfiddle &I ¥ddit Aphdidatid) Hydraukid, afedhinitdp) | ed

or other similar types of equipment or combinations of
one or more such equipment types.
The presently preferred embodiment of the
10 invention utilizes distributed control in which the
blending of feed components is 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.
15 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 supplied
to the control system. However, any computer control
20 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
25 the results of calculations carried out in a digital
computer and the te:nn "gignal®" is utilized to refer to
such results. Thus the term signal is used not omnly to
refer to electrical currents or pneumatic pressures but
it is also used to refer to binary representations of a
30 calculated or measured value. The apparatus and method
of the invention can accordingly be implemented using a
wide variety of specific equipment available to and
understood by those skilled in the process contreol art.
Referring.now to FIG. 1 there is shown a
35 conventional blending feed control for a ether reactor
generally indicated at 10. Details of the proceés flow
of material to the reactor will be more fully described
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description of the draw ngs in which: BRI EF DESCRI PTI ON [CE DRAVERES ==,

FIG 1 is a prior art schematic illustrating bl ending cgnt
chem cal conponents. FIG 2 is a schematic illustrating

two reactive chenical components according to the invent i on.
THE PREFERRED EMBODI MENT The invention is Llfustrated and described in
ternms of a process for the manufacture of nethyl tert-butyl ether. The

i nvention, howevdm rdeFexidtide Y emtg), @ herdiiafwat ur iny) guigesses where it
is desirable to control the réﬂléﬁﬁ re%&%ﬁh %b%¥nqe t o th reactor
Essential |y only SRR 9% 'yl &ftfired to
produce net hyl t aystenx \gensrtadly Howbiaated fat m‘hnahexyumm rol _of this
invention is appldgeiintddtildif d¥ Wl Medtcdis il hd WA HP Etitis il S -
| 5 and calculates a concentration ratio. The measured
concentration ratio is'compared to a ratio set point in
the analyzer controller generally shown at 16, with the
outputted analyzer control signal resetting a flow
ratio controller which is generally shown at 18. The
10 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 ratip shown at 16.
Referring now to FIG. 2, there is illustrated
15 process feed flow which includes two individual
reactant streams plus a lean feed stream, and which is
controlled according to this invention. A first
conduit 20 having a flow cortrol valve 22 associated
therewith, a second feed conduit 24 having a flow
20 control valve 26 associated therewith and a third
conduit 28 having a flow control valve 30 associated
therewith are shown. The conduits 20 and 28 are
adapted to provide flow of hydrocarbon feedstock
material through the associated valves 22 and 30 to a
25 junction point 32 where they are combined to form a
combined hydrocarbon feedstream flowing in conduit 34.
A suitable means for mixing, such as a static mixer
shown at 36, is provided to insure that the material
flowing through conduit 34 is substantially
30 homogeneous. The conduit 24 provides flow of
individual feedstock material through associated valve
26 to a mixing junction 40.
In the preférred embodiment illustrated, the
| material carried in conduit 20 is a stream containing
35. isobutylene such as'e.g., a butane-butylene stream from
é cracking unit which contains from about ten to about
twenty-£five percent of 'the reactive isobutylene
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Al't hough the invention is illustrated and described in ter anssmggpegniggtq
control -systemfor feed control for the reactor, the invenlji on igeE=@lSED l
applicable to different types and configurations of react oFs=whret :

bl ended feedstreans. Dash |ines, which designate signal lines in the

drawi ngs, are electrical or pneumatic in thig preferred enbodi nent.

However, the invention is also applicable to Date 0O MAY 1997 nechani cal,

hydraulic, or othgsmsbAaat. ™ealsehoh Lr§E§€Lﬁt'EHe'EEQBﬁE&lQﬂe EBnGEHQSt
all control systems Sone conbi nati on of ese ty nals wl

used. However, thd8 SEtsr ZRjatively:jpw BFdsgﬁﬂg %i&ng %?FoﬁveﬁoﬁﬁﬁFlble
with the process Rédregsi RBREL | Alvéenately| hthetatecdak oartrhedi fmention.

The control l er Sh8§£dﬂ§¥ J5%1 Varlo §eggd8§n alngntr Loﬁ&E@léﬁe from a

5 dehydrogenation unit which contains up to about forty

percent of the reactive isocbutylene, but which
isobutyléne concentration may also vary. The feed
material carried in conduit 24 is methanol, which is
delivered from bulk storage and is therefore not
10 subject to uncontrollable variations in overall
composition or in methane content. The feed material
carried in conduit 34 contains the reactive hydrocarbon
such as isobutylene, and this stream is combined with
~ reactive alcohol feed at junction 40. A suitable
15 mixing device such as a static mixer shown at 62 is’
provided to insure that the material flowing in conduit
64 ié substantially homogeneous before entering the
reactor 10. )
Operably associated with each of conduits 20
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. '
25 Analysis transducer 50 is adapted to take a
samplé of fresh proééss'feed.material from the conduit
34 and to deliver, in response to the analysis of the
reactant containing stream, an isobutylene
concenttaﬁion signal 52 which is representative of the
30 volume fraction of isobutylene in the fresh feed
flowing through conduit 34.
Signal 52 is provided as a process variable
input to analyzer controller 56. Analyzer controller
56 is also provided with a set point signal 58 which is
35 representative of the desired isobutylene concentration
of the mixed hydrocarbon stream flowing in conduit 34.
This desired concentration is one which is generally
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prioportional, proportional-integral, proportional-derivajf. [ ,h I
proportisonal -integral - derivative. In this preferred enb dﬁﬁ@ﬁ%%&;hﬁsBL‘NI'
proportional -integral controllers are preferred but any _nfrnl?éf(y§%ahlpi
of accepting two input signals and producing a scal ed output signal,
representative of the conparison of the two pnput signals, is within the
scope of this invention. The operation of proportional-integral controllers
is well known injtdies &fan Tél'?? %Eﬁﬂmﬁ%fﬂi tﬂi@lcf:cﬂ{c tx t:{ﬁ]n of the
proportional -integral controller may be représented as || Rﬁ ere:
S=out put control XSaftdve(enRanent Rk theudmatarialkifirwing BR] const ant s
The scaling of arecndyid zgnal by a controller is well known in control
fé’;ﬁ oot ;-nyEsse“t Hally thy, QUi Bu ol & QA H2 Tha W SSARLLL

5 controller 56 provides an output signal 60 which is

responsive to the difference between signals 52 and 58.
signal 60 is ééaled so as to be representative of the
position of control valve 30 which is operably located
in conduit 28, required to maintain the actual
10 isobutylene concentration of the feed material flowing
in conduit 34 substantially equal to the desired
concentration represented by signal 58. Signal 60 is
provided from the analyzer controller 56 as a control
signal for the control valve 30, and the control valve
15 30 is manipulated in response thereto. ]
Flow transducer 70 which is operably located
in conduit 34 provides an output signal 72 which is
representative of the flow rate of the material in
conduit 34, which is the mixed hydrocarbon feedstream.
20 Signal 72 is provided as an input to the flow ratio
calculation or arithmetic block 74 which is associated
- with the distributed digital control system. Also
provided as an input to calculation block 74 is signal
48 which, as previously noted, is representative of the
25 flow rate of material in conduit 24, which is the
individual alcochol reactant. In response to signals 72
and 48 calculation block 74 provides an output signal
76 which is representative of the flow ratio of
reactive isocbutylene flowing in conduit 34 and of
30 reactive alcohol flowing in conduit 24. Signal 76 is
provided as a process variable input to flow ratio
‘controller 78.
| Also provided to flow ratioc controller 78 is
a manual set point signal 80 which is representative of
35 the desired flow ratio. This desired flow ratio is a
flow ratio that will realize about a 1:1 mol ratio of

reactive components flowing to reactor 10 through the
[
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désired factor or variable. An exanple of this is where a ' ﬁUEEN i
and an actual pressure are conpared in a controller. The utﬁﬂiS@EEﬁHéDB = ‘
confroller could be a signal representative of a desired dhange RERLARED |
rate of sonme gas to nake the desired and actual pressures e

ot her hand, the same output signal could be icaled to represent a _
percentage or could be scaled to represent "a Peﬁperature change required to

nake the desired ﬁggegpkaagaga§%®§ﬁsi1%%Kal. If the controller has an

out put that can range from ich is typical, then the output
signal could be scal ed so tB&at responseutosisdgalalsf 75 and 80cmatdsponds to

50 per cent of SOMBoRRe6Nbed7hl BYoYANSeOLnSBRLORCGHERRT BTRRNALS The
various transduci ng neans used to neasure paraﬁeters I ch charap €ri ze the
process and the vﬁgFBﬁgsiyﬁnéPSt&énéﬁ&?éﬁeﬂﬁérbBﬁWﬁay pignad sy 36 end 60.

forms or fornats. sEghatx8aplie, statedokbr Be ekpeBbatatildl s£skakeon be

o oo US! N9rgEECDE $3acREPe d1c0hdL! Baqhifel’ €8 SaiREGIT EhE racio
represented by signal 76 substantially equal to the
desired ratio represented by signal 80. Signal 82 is
provided from flow ratio controller 78 as a set point

10 input to flow controller 86. In response to signals 48
and 82 flow controller 86 provides an output signal 88
which is responsive to the difference between signals
48 and 82. Signal 86 is scaled to be representative of
the position of control valve 26 required to maintain

15 the actual flow in conduit 24 substantially equal t&
the desired flow represented by signal 82. Signal 88
is provided to control valve 26 and control valve 26 is
manipulated in response thereto.

The present invention encompasses a feed

20 forward control scheme in which changes in reactant
composition, which would change the isocbutylene to
methanol ratio of the complete feedstream to the
reactor, are detected by measurements ahead of the

- mixing junction 40, and accordingly are made without

25 waiting for a change to occur in the complete
feedstream to the reactor. Corrections are made by
manipulating the flow rate of the lean feed carried in
conduit 28, and the alcohol reactant feedstream flowing
in conduit 24. .

30 The control scheme is completed with the
addition of flow controller 90 which receives a
variable signal 46 representative of the actual flow
rate in the reactive feedstream 20, and a set point
signal 92 which is representative of a desired flow

35 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
i
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méchani cal, or other simlar types of equipnment or conbinttﬂqesqunqwﬁ;ﬁﬂLN
more suech equi pnent types. The presently preferred enbodi frent ofephced
i'nvention utilizes distributed control in which the bl end :
conponents is nmanaged by its own digital conputer/controller, with the
whol e plant interconnected to forma single eptity by a conmunication
systenms conmmonly known as data hi ghways. The distributed control systemis
used in the prefesgegananpadi rrsmgnai bhi isl B¥QlkdoRot BeC%EP‘tb%hﬁtTaIE@.ve of
required control ?hgnals ased Zs ﬁ rgcess riab ind pRar apget ers
as wel | as set poFREsPLEp FPﬁchBtFﬂ BVPoRZs TEMY eﬁoﬁ@v@? nk “Cﬁﬁghter
control system haachgalofloer eatbainafkeedstepamakosubstantdallllyi eeual

envi ronnent for FédFﬂQ &QLE%Ed"ElS@ ?QE@' r&ﬁ&b@%@ﬁdaﬁgv BigR3T o' A¢a

signals is SU|tab use
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

10 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 control components such as are
described at length in Perry’s Chemical Englneering

15 Handbook, Sixth Edition, Chapter 22.
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Signal lines are aI SO epresent the results oflf salSghett ORS grpy
cartied out in a Qﬁ“ﬂ!ﬂﬁ \“ﬁ“{ind the term"signal” ig util REedabep

refer to such res e termsignal is used not o ]
el ectrical currents or- pneunmatic pressurgs but it is also used to refer to

bi nary representati ons of a cal cul at edrOR mfensgred val ue. The apparatus and

nmet hod of tyhe |nvent| C ord| iy al v e, 1 npl. |rrp enented using a wide variety
of specifi & equi pment av E‘aélig ‘gé ,}/ IRRcREatien | zatia efie

process cofeasitants i!efaarfee@stmaﬂotd?laaréadthaf,e wmeﬁém/rhd ntgfylgggyonal
bl endi ng f red f eral

Det ai | sgof ﬁe prot(r:égists %%ﬁa%i}%t%” eflﬁgo e FE 0#1 ﬁﬁa‘f TH ™ ore fully
descri bed CRREMAINGE AR Jeactive hyrdrgaanbon maﬂmsxa?bramtamdﬁ.ne@nté ol
system of Eotm h WonilAl b eIt BN N Tl 1d/ ddilitct e .ad ‘;hA‘? syires

concentrati QN f reactants in the m xed feedstream and ca at es a
concent r at TR S tflt m%’ﬁﬁe%éaﬁ?&mau%%rrmq@% Mrmmuaes
rati o set porercitdviehdyahadgarborm,olly Gutefedde Ry AdriatiVMs aln sgWi.th the
outputted 2Ral¥z8% g@ﬂﬁéﬁtration, and a second feedstream containing a

second reactant, which is a reactive alecchol, is essentially

stable in its concentration in said second feedstream,
wherein said method comprises:

combining said first feedstream and a third
feedstream containing unreactive hydrocaibons to form a mixed
hydrocarbon feedstream,

combining said second feedstream and sa;d mixed .
hydrocarbon feedstream to prov;de a complete feedstream for
said reactor;

establishihg a first signal representative of the
concentration of said first reactant in said mixed
hydrocarbon feedstream;

establighing a second signal representative of the
desired concentration of said first reactant in said mixed
hydrocarbon feedstream;

establishing a third signal responsive to. the
difference between said first signal and said second signal,
wherein said third signal is scaled to be representative of
the position of a control valve in said third feedstream
required to maintain the COncenEration of said first reactant
in said mixed hydrocarbon feedstream represented by said
first signal substantially equal to the desired concentration
represented by said second signal;

manipulating the flow rate of said third feedstream
responsive to said third signal; and

maintaining the flow rate of said second feedstream

at a desired ratio to said mixed hydrocarbon feedstream.

CASE: 33290 '
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si‘gnal resettin aflowratlo controller which is general | yj Sy 7T .A'F =7
The_out put of tammﬂm:'mumlﬂ roller is used to reset a Ig&f%ﬁ@@eﬁcm
for "the reactant m e nost stable concentrati dh_to tHErEED -

mai ntain the desired ahal Ysis ratio shon-at 16. Referring nowto FIG 2,
there .is iRlustrated apmwdfﬁeﬁédmaﬂue:hvﬂmwnemtw whéh &/l Usdid

reactant strea | us .a ean feed st ich is contro accordi ng
Lo this i nPSRE G7F ARBEATHINR dhe AT A £ 1954 aRignd e s Eddn ' 0
associ at edathar eladﬂre&l redcin e d el d amicked  Idirooarbpm feedstozamol val ve

26 associ agg&p with and a third conduit 28 having a flow control valve
30 associ ate theremﬁth are shown. The conduits 20 and 28 are adapted to

provi de flow of hydr ®efraidi shing ta dourtte mignal, xarpeaentativr i of cthe
val ves 22 gagudl 'fa o irdtd id¥ said mixed hydrocarbon feedstream;

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

-esteblishing a sixth signal representative of a
ratio of said fourth signal and said fifth signal;

'~ establishing a seventh signal representative of the

~desired ratio of said fourth signal and said fifth signal;

comparing said sixth signal and said seventh signal
and establishing an eighth signal which is responsive to the
difference between said sixth signel and said seventh signal,
wherein sa;d eighth signal is scaled to be representat:ve of
the flow rate of said second feedstream required to maintain
the actual ratio represented by said sixth signal
substantially equal to the desired ratio represented by said
seventh signal; and

manipulating the flow rate of said second
- feedstream responsive to said eighth signal.
3. A method in accordance with claim 1 or 2, wherein
said reactor comprises an ether reactor.
4. A method in accordance with any one of claims 1-3,
wherein said first reactant is a hydrocarbon which is
isobutylene or iscamylene, and said second reactant is an
alcohol which is methanol or ethanol.
5. An apparatus for controlling the concentration
ratio of reactants in a feedstream to a reactor, which
comprises:

a reactor;

a first mixer for combining two fluid streams;

means for supplying a first feedstream containing a
hydrocarbon reactant to an inlet of said first mixer, wherein
said first reactant is subject to variations in concentration
in said first feedstream; .

means for maintaining a desired flow rate for said

-
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point 32 where d to forma conbined hydro o €
flowi ng*in CO”LM‘"[HMI"HW“' e nmeans for m xing, such as ”é"
shown at 36, is *provided te i msure that the material flowjng th faiite
conduit 34 is substantially honbgeneousy4 The conduit 24 provides T ow of

I ndi vi dualf ifreas g exds tibdakj al through associ ated valve 26 to a m xing

j unction 40. In the refer ed enbodi pent i1l ust the material carried
{n conduit 20 is a JtTI TThIRRG-RE HATTR é éﬁﬁﬂ?%ﬁ?%?gf°nﬁﬁ ning

but ane- butu,dnaaa':ts!tveahydrmmbm askteniahi to wid iDrihétai ol dabd) fbegt ten

t o about -five percent of the reactive isobutylene conponent. In such
a stream the |sobutylene content is often relatively | ow and general ly
vari es even from hodeans Heer PYeviding &t ynixed hydrodarbonrféedstreamndui t

20 is a SteANHEicitldW o ULy ! enesd rm@r.dehydr ogenation unit which
contains up to about fort ercent of t he reactrve I sobut yl ene, but which

i sobutyl ene concent rPat% £or \compining dewa tkyid streamer i n
conduit 24 is met harmiana/\/rﬁd:h swpﬁn}in@recﬁ:ﬁim Hadde trtedind ot wlinEng a

therefore s%% n%”?:leeacétan% L{:ncoag:[. r:‘(.)zlﬂl. ai?lof gsaid second mixer, wherein

said second reactant is essentially stable in concentration

in said third feedstream;

means for providing said mixed hydrocarbon
feedstream to said inlet of said second mixer; '

means for providing a complete feedstream for said
reactor from the outlet of said second mixer to a feed inlet
of said reactor, .

a control valve operably located in said second
feedstream;

means for establishing a first signal
representative of the concentration of said first reactant in
said mixed hydrocarbon feedstream;

means for establishing a second signal
representative of the desired concentration of said first
reactant in said mixed hydrocarbon feedstream; '

means for establishing a third signal responsive to
the difference between said first signal and said second
signal, wherein said third signal is scaled to be representative
of the position of said control valve required to maintain the
concentration of said first reactant in said mixed hydrocarbon
feedstream represented by said first signal substantially equal
to the desired concentration represented by said second signal;

means for manipulating the flow rate of said second
feedstream responsive to said third signal} and

means for maintaining the flow rate of said third
feedstream at a desired ratio to said mixed hydrocarbon
feedstream.
6. An apparatus in accordance with claim 5, wherein

said means for maintaining the flow rate of said third

This Sheet Has Been Reﬁlaced
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variations in o:ﬁ"ﬂ i.tion or in methane content. The
carried®in conddi IWﬂMe reactive hydrocarbon such
i sobutyl ene, and *this str f&conbi ned with reactive alco
junction 40. A suitable mxing device sygh as a static m xer shown at 62 is
provi ded t ¢elgditredmait (1P dd dtatidVid Gd 1 GRI¥Ed IhPdrbsasbagt antial |y
honbgeneous, before entering, the reactor 10. Operably associated with each
of conduit§92§§£ﬁf§?19?@¥£#%%$%ctive fl ow transducer 42 and 44, each of
whi ch produces a respfedns efdr Qs tsdlgliodh ¥y ad) dEciiir v i £igm&l r epresent ati ve
of the volune flow,.rate of d materigl carried through,the conduits with
which it i &RFEFTH .veAn%é ;% % ??ta‘h%%tﬁg?wﬁ % %%a%?q%% "t‘f(;x?%ke a sanpl e
of fresh phydesxarhoh niaeistatedmom t he conduit 34 and to deliver, in
response to the anal ysi f {1 an isobutyl ene
@Z&Vﬁi%ﬁ%éé‘ﬁ?ff&ﬁiﬁ”& {00 SLEeA

concentration signal 5. is representative of the volunme fraction of
i sobut yl en&epreagantatise febdhe ARRAY HFIRWFARE t8xid HhiFd| 52 is
provi ded afeadytaEms: vari able input to anal yzer controller

fread srrEe u.—B‘E_E\NT:
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an arithmetic unit adapted to perform a ratio
calculation;

means for providing said fourth signal and said
fifth signal to said arithmetic unit, and for establishing a
gsixth signal representative of the actual ratio of said
fourth signal and said fifth sigmnal;

means for establishing a seventh signal
represen?ative of the debirediratio of said fourty signal .and
said fifth sigmal; '

means for comparing said sixth signal and said
seventh signal and for establishing an eighth signal
responsive to the difference between said sixth signal and .
said seventh signal, wherein said eighth signal is scaled to
be representative of the flow rate of said third feedstream
required to maintain the actual ratio represented by said
sixth signal substantially equal to the desired ratio )
represented by said seventh signal; and

means for manipulating the flow rate of said third
feedstream responsive to said eighth signal.
7. An apparatus in accordance with claim 5 or 6,
wherein said reactor comprisés an ether reactor. .
8. An apparatus in accordance with any one of claims
5?7, wherein said first reactant is a hydrocarbon which is
isobutylene or isocamylene, and said second reactant is an
alcohol which is methanol or ethanol. '

R
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REPLACEMENT SHEET 7 - 56. Anal yzer controller 56 is also provided with a
set poiht signal 58 which is representative of the desired isobutyl ene
contentration of the m xed hydrocarbon streamflowing in conduit 34. This
desired concentration is one which is generally |less than the m ni num
antici pated concentration of the reactiY? conponent of the material flow ng
in conduit 20. In response to signals 5¥%nd 58 &Aal yzer controller 56
provi des an output signal 60 which is responsive o the difference between
signals 52 and 58. Signal 60 is scaled so as to representative of the
position of control valve 30 which is operably | §cated in conduit 28,
required to nmaintain the actual isobutylene
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concentration of the feed materi al

flowing in conduit 34 substantially

equal tb the desired concentration represented by signal 58. Signal 60 is

provi ded fromthe analyzer controller 56 as a control
val ve 30, and the control

control

thereto. Flow transdu

provi des an out put si

the materi al
Si gnal

control sysfelm Al so
48 . whi ch,  ad B evi ousl
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response to
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entative of the flow rate of
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At so provided to flowratio controller 78 is a nmanual set pfi
Which is representative of the desired:flow ratio. This desjjre

ﬁi &5 ?fi BEEN

|

Isaflowratio that will realize about a 1:1 nol ratio of active
conponents flowing to reactor 10 through the m xer 62 and condwt 64. In
response to signals 76 andASSTRACTGOFgAHESDISCLPSURESy | des an out put signal

82 which is responsive to the difference betvveen signals 76 and 80. Si gnal
82 is scaled to be representative of the flow rate of reactive al cohol

required to naMETHQODtANDy APPBRA'EﬁdSeS@Rt@ONB‘WQﬂ@N@ THE SODKIENTRATION equal
to the desired ratio represented si gnal naI 82 is provided from

flow ratio control IRATT OJ"SR§A§$ Si $WD$'5 MREPL ACREARTORBHEET - 8 -
Date 05 MAY 1996

In a process ror manuracture or a chemical product,
a reactive hydrocarbon feedstream, which varies in
compoéition of the reactive component, is combined with a
compatible but unreactive hydrocarbon feedstream to form a
blended hydrocarbon stream which is then combined with a
reactive alcohol stream of stable concentration of its
reactive component, to form a complete feedstream to the
reactor. A desired ratio of relative reactant concentrations
in the complete feedstream to the reactor is maintained by a
control system which maintains a stable concentration in.the
blended hydrocarbon stream by manipulating flow rate of the
unreactive hydrocarbon feedstream responsive to a '
concentration measurement in the blended hydrocarbon stream.
Flow ratio control is then applied to maintain a desired
ratio of reactants in the complete feedstream fgrzthe reactor
by calculating a flow ratio of the blended hydrocarbon stream
to the reactive alcohol feedstream. The calculated flow
" ratio is the procéss variable input to a manually set ratio
controller which manipulates the flow rate of the reactive

alcochol feedstream responsive to the flow ratio.

(Fig. N® 2)
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flow control ler 86. In response to signals 48 and 82 flow D?@hiﬂbk%‘uﬁ@c;
Ffer ence bet ween

pravi de's an out put signal 88 which is responsive to the di

signals 48 and 82. Signal 86 is scaled to be fepresentatiVepfs .t 6 M 4997
PAL) Dk

e
wt f

of control valve 26 required to maintain_ghe actual flow i

substantially equal to the desired flow represented by signal 82. Signal 88-

is provided to control val vey20n@Ar, REACTOR FEEPECONTROD®NI pul ated in
response thereto. The presént 1 nvenilon enconpasses a feed forward control

schgrre i n whi ch chang@his inveniontrelatesdo mpotess camrol and aeroparticulaglyige t he

| sobutyl ene to net hanol rati f the conplete feed :

are det ect eﬁpwqﬁ%%g . ﬁ?%l%&ﬁéya rW%ﬂgthr@ea} @iﬁ%@ ?@g&%ﬁéﬁ?ﬁéﬁ% et
accordi ngly IROR vk Ao atieiotd MBtHol and appaate foofeed @uhtrolntotdhéchentiogll et e

feedstreamto the reactor. Corrections are nade by manipulating the flow
rate of therdactan usakbih theproduttion of ¢th¢ti t 28, and t he al cohol reactant

| gedstream 11 ong | oondu & eGP Oy PheSFAASEriG oo™ ¢ €9 W (e

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
example, it is known that a tert-alkyl ether can be prepared by reacting a primary
alcohol with an olefin having a double bond on a tertiary carbon'atom, as methanol
reacts with isobutylene or isoamylene to form respectively methyl tert-butyl ether
(MTBE) or tert-amyl methyl ether (TAME). The use of an excess of methanol,
howevef; renders the purification of ethers very expensive because of the formation of
azeotropes, with the resulting difficulties in distillation of reaction effluent. Many
etherification processes 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 the olefin feedstream may be present in
variable concehfrations due to process variations associated with its production in the
previous process. | 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 component 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 reactant stream is a stream containing at least one reactant but not
all of the reactants required for a desired reaction. Feedstreams containing unreactive
hydrocarbons such as isobutane, herein called lean feedstreé.ms, may also be |

advantageously employed in the etherification process. For example, a lean feed



which.receives a variable signal 46 representative of thel ggiyal-cfl-0w Lale
in:the reactive feedstream 20, and & set:point signal 92 AhlchﬁFggggyéh“ff
representative of a desired flowrate for feedstream 20. || ppespBiséiAlolns?
'signals 46 and 92 flow controller 90 provjdes an output skgaal _
responsive to the difference between signals 46 and 92. Signal 94 is scal ed
to be represppliéd to/theGbadibrealpns withahe GeIividaal réadtaet stréahs @ath hiddintthe MBI Nt ai n
the actual flow rate in feedstream 20 substantial]y equal to the desired
flow rate ricprationsteps folloyigg she mactiond botherngst typicaecontrol appraachesifet ed i n

. | _. : H o e _
b obent ty. paifing oot bRt 80 o Bt 3B 1 bfPreBlstbam
conponent s 1slied bnGadepefidéntlytontiolling the flot e of thelvlefin coiaihingfeedstream to

illustrated in FIG 2, such as flow transducers and _anal yzer transducers,
conput er prafewsset paint.o Chengasincapceiration oh repstive RlgEnin theplefincontaining
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reactor feed, are detected by analyzing the mixed feedstream to determine the actual

ratio of olefin/alcohol, and then manipulating the individual alcohol stream to avoid a
change in the ratio. While the above described control method which 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 examplé, the analysis of a
mixture containing alcohol and olefin components is complex and the analyzer is
difficult to calibrate. Further the analysis equipment is difficult to maintain because of
the alcohol present in the sample.

It is thus an object of this invention to reduce the cost for recovery of
unreacted constituents in a reactor effluent stream. Another object is to continuously
control the flow of each reactive component in a mixed feedstream, with fixed ratios
between reactive components, without measuring the concentration of each reactive
component in the mixed stream. _

| It is a more specific object of this invention to maintain a desired
isoolefin to alcohol ratio in a feedstream to an ether reactor.

It is still another object to improve efficiency in a process for producing
a high purity ether product.

SUMMARY OF THE INVENTION

According to the present invention the foregoing and other objects are
obtained by a method and apparatus for controlling reactor feed. The reactor feed is
made up by first combining a reactive olefin stream, which is subject to variation in
concentration of the reactive olefin, and a lean hydrocarbon feedstream in a first mixer
to form a mixed hydrocarbon t:eedsu’eam. The mixed hydrocarbon feedstream is then
combined with a reactive aicohol feedstream, which has a knqwn and stable reactant

concentration, in a second mixer to form the complete feedstream for the reactor. The




Wil e .the invention has been described in terns of the pr ﬁgpt é‘;':ip% tr%rh:%d
enbodi nent, reasonabl e variations and nodifications are SSi - thoée
skilled in the art within the scope of the described inv 'nbggn a@djt 1997

appended cl ai ns thereto. CLAI MS 13- App Mmg_

a reactor; a first mxer for conbining two fluid streans; neans for
suppl yi ng adésired tratice of] s¢actesrcomporentsi mghachly)g}etmﬁeﬂmnmneﬂa)dhameactm ian inl et
[ [ ' wherein said first reactant i ariations

of said first m : | ecy
’n concent r AHIHF; By WEFTING the CoIcEREERHH reactive olefin in ' the e fydftcarbon
stream upstream of the mixing junction for the alcohol feedstream,_ and then

manipulating the flow rate of the lean hydrocarbon stream to maintain a desired
concentration of reactive olefin in the mixed hydrocarbon stream. Flow ratio control is
then applied to maintain a desired ratio of reactive olefin to alcohol in the complete |
reactor feedstream by calculating a flow ratio of the mixed hydrocarbon stream, of
controlled concentraﬁon, to the individual alcohol stream which has a stable
concentration of its reactive component. The calculated flow ratio is the process
variable input to a manually set ratio controller which manipulates the flow rate of the
reactive alcohol feedstream.

Other objects and advantages of the invention will be apparent from the
foregoing brief description of the invention and the claims as well as the detailed
description of the drawings in which:

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.
DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention is illustrated and described in terms of a process for the
mahufaqture 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 streams.

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



neans [for maintaining a desired flowrate for said first|f ol S 1
fors suppl ying a second feedstream containi ng unreactive hygrocif’ic?@g”rgg‘ge’ .
material to said inlet of said first m xer; neans for prgy ng MAL
hydrocarbon feedstreamfromthe outlet ofgsaid first mxe béﬂ% «gg‘:’nnd mqgg7r N
for combining two fluid streans; nmeans for supplying a third feedstream
cont ai ni g BedRARAN hy8R61ENr dtherfdighdl nfdand ForSRAfmI®IRE Afofm%86n. Wb aflai d
second reactant is edsentially stable in concentration in said third

f eedst r eamcomtrahsystems gome cotubigatier df these typay of sigaals ovillfhseured ddoweversthied

inlet of said eco m . xer: .neans for.providin cQ ete feedstream for
sai d react d?sef Jupg bf s lgf“ﬂstﬁﬁ“amésg’é’&&mﬁ?%&%% "lh'Fé’é%ceF%?Ié(i of said
reactor; a é“q%mxﬁéﬂt lﬁ%he/?s WRRMAAE YcdpRCottBe inventighd second feedstream

The controller shown may use various modes of control such as

proportional, proportional-integral, proportional-derivative, or proportional-integral-
derivative. In this preferred embodiment, proportional-integral controllers are preferred
but any controller capable of acceptmg 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-integral controllers is well known in the
art. The output control signal of a proportional-integral controller may be represented
N )

S=K ,e+K,fedt

where:

S=output control signal

e=error between two input signals

K, and K,=constants _

~ The scaling of an output 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 pressures 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 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, pheumatic, hydraulic,
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of said first reactant in said m xedshydrocarbon feedstrgam rr%]%ts!@ﬁr 7 )
establishing a second signal representative of the desi rﬁecDe(t@..c, LAl 1)(19 of

said first

establishing a third signal
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reactant in said nixed hydrocagbon feedstrean=—frears=
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desired concentration represented by said seco

si gna
control in which the blending of feed components is managed by its own digital

computer/controller, with the whole plant interconnected to form a singlé 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 supplied 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 apparatus and method of the invention can accordingly be
implemented using a wide variety of specific equipment available to and understood by
those skilled in the process control art. _

Referring now to FIG. 1 there is shown a conventional blending feed
control for a ether reactor 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.
In 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 to a ratio set point
in the analyzer controller generally shown at 16, with the outputted analyzer control
signal resetting a flow ratio coﬁtroller which is generally 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 process feed flow which
includes two individual reactant streams plus a lean feed stream, and which is

controlled according to this invention. A first conduit 20 having a flow control valve

responsive to the difference between said first



10 -1Q- neans for manipulating the flowvate of said seconfdpEpefstmeaionzey '
responsive to said third signal; andr means for maintaining the flow ﬂe f' '
said third feedstreamat a desired ratio to said nixed - hydi

feedstream 2. Apparatus in acgordance with cl ak: m—1———wbmm f- 3
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hydrocarbon feedstock material through the associated valves 22 and 30 to a junction

point 32 where they are combined to form a combined hydrocarbon feedstream flowing
in conduit 34. A suitable means for mixing, such as a static mixer shown at 36, is
provided to insure that the material ﬂowing through conduit 34 is substantially
homogeneous. The conduit 24 provides flow of individual feedstock material through
associated valve 26 to a mixing junction 40.

In the preferred embodiment illustrated, the material carried in conduit
20 is a stream containing isobutylene such as e.g., a buté.ne-butylene stream from a
cracking unit which contains from about ten to about twenty-ﬂ\}e 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 isobutylene, but which isobutylene
concentration may also vary. The feed material éarried in conduit 24 is-methanol,
which is delivered from bulk storage and is therefore not subject to uncontrollable
variations in overall composition or in methane content. The feed material carried in
conduit 34 contains the reactive hydrocarbon such as isobutylene, and this stream is
combined with reactive alcohol feed at junction 40. A suitable mixing device such as a
static mixer shown at 62 is provided to insure that the material flowing in conduit 64 is
substantially homogeneous before entering the reactor 10. _

Operably associated with each of conduits 20 and 24 is a respective flow
transducer 42 and 44, each of which produces é 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 34 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 isobutylene in the frésh feed flowing through conduit 34.
Signal 52 is provided as a process variable input to analyzer controller
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In response to signals 52 and 58 analyzer controller 56 provides an

output signal 60 which is responsive to the difference between signals 52 and 58.

Signal 60 is scaled so as to be representative of the position of control valve 30 which
is operably located in conduit 28, required to maintain the actual isobutylene
concentration of the feed material flowing in conduit 34 substantially equal to the
desired concentration represented by signal 58. Signal 60 is provided from the analyzer
controller 56 asl a control signal for the control valve 30, and the control valve 30 is
manipulated in response thereto.

Flow transducer 70 which is operably located in conduit 34 provideé an
output signal 72 which is representative of the flow rate of the material in conduit 34,
which is the mixed hydrocarbon feedstream. Signal 72 is provided as an input to the
flow ratio calculation or arithmetic block 74 which is associated with the distributed
digital control system. Also provided as an input to calculation block 74 is signal 48
which, as previously noted, is representative of the flow rate of material in conduit 24,
which is the individual alcohol reactant. In response to signals 72 and 48 calculation
block 74 provides an output signal 76 which'is representative of the flow ratio of
reactive isobutylene flowing in conduit 34 and of reactive alcohol flowing in conduit
24. Signal 76 is providéd as a process variable input to flow ratio controller 78.

Also provided to flow ratio controller 78 is a manual set point signal 80
which is representative of the desired flow ratio. This desired flow ratio is a flow ratio
that will realize about a 1:1 mol ratio of reéctive components flowing to reactor 10
through the mixer 62 and conduit 64.

In response to signals 76 and 80 ratio controller 78 provides an output
signal 82 which is responsive to the difference between signals 76 and 80. Signal 82 is
scaled to be representative of the flow rate of reactive alcohol required to maintain the
ratio represented by signal 76 substantially equal to the desired ratio represented by
signal 80. Signal 82 is provided from flow ratio controller 78 as a set point input to
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26 is manipulated in response thereto.

* The present invention encompasses a feed forward control scheme in
which changes in reactant composition, which would change the isobutylene to
methanol ratio of the complete feedstream to the reactor, are detected by measurements
ahead of the mixing junction 40, and accordingly are made without waiting for a
change to occur in the complete feedstream to the reactor. Corrections are made by
manipulating the flow rate of the lean feed carried in conduit 28, and the alcohol
reactant feedstream flowing in conduit 24. _

The control scheme is completed with the addition of flow controller 90
which receives a variable signal 46 representative of the actual flow rate in the reactive
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 92.
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 92 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 control components such as are described at length in Perry’s Chemical
Engineering Handbook, Sixth Edition, Chapter 22.

. While the invention has been described in terms of the presently
preferred embodiment, reasonable variations and modifications are possible by those
skilled in the art within the scope of the described invention and the appended claims
thereto.
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in said m i<ed hydr ocgr bon feedstream establishing a second signal
representat-

ive of t h&PRAGYSSPRRIME tration of said first reactant in said

m xed hydrocarbon fegdgidig@am establishing a third signal responsive to the

di fference between said first signal and said second signal, wherein said
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AT RITICR =TT P N I IS R
sai d firsty %:gnﬂét_ Stsand Bt indikky vikiGh shid firSered@ant 8 QubRBCRNArAtibAIn
represented by said
concentration in said first feedstream;
means for maintaining a desired flow rate for said first feedstream;
means for supplying a second feedstrearh containing unreactive
hydrocarbon material to said inlet of said first mixer; |
~ means for providing a mixed hydrocarbon feedstream from the outlet of
said first mixer; |
a second mixer for combining two fluid streams;
means for supplying a third feedstream containing a second reactant to
an inlet of said second mixer, wherein said second reactant is essentially stable in
concentration in said third feedstream;
means for providing said mixed hydrocarbon feedstream to said inlet of
said second mixer;
means for providing a complete feedstream for said reactor from the
outlet of said second mixer to a feed inlet of said reactor; '
a control valve operably located in said second feedstream;
means for establishing a first signal representative of the concentration of
said first reactant in said mixed hydrocarbon feedstream;
" means for establishing a second signal representative of the desired
_concentration of said first reactant in said mixed hydrocarbon feedstream;
means for establishing a third signal responsive to the difference between
said first signal and said second signal, wherein said third signal is scaled to be
representative of the position of said control valve required to maintain the
concentration of said first reacfant in said mixed hydrocarbon feedstream represented by
said first signal substantially equal to the desired concentration represented by said

second signal,;
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2. Apparatus in accordance with claim 1, wherein said means for
maintaining the flow rate of said third feedstream at a desired ratio to said mixed
hydrocarbon feedstream comprises:

means for establishing a fourth signal representative of the actual flow
rate of said mixed hydrocarbon feedstream;

means for establishing a fifth signal representative of the actual flow rate
of said third feedstream,;

an arithmetic unit adapted to perform a ratio calculation;

means for providing said fourth signal and said fifth signal to said
arithmetic unit, and for establishing a sixth signal representative of the actual ratio of
said fourth signal and said fifth signal;

means for establishing a seventh signal representative of the desired ratio
of said fourth signal and said fifth signal;

~ means for comparing said sixth signal and said seventh signal'and for

establishing an eighth signal responsive to the difference between said sixth signal and
said seventh signal, wherein said eighth signal is scaled to be representative of the flow
rate of said third feedstream required to maintain the actual ratio represented by said
sixth signal substantially equal to the desired ratio represented by said seventh signal;
and

means for manipulating the flow rate of said third feedstream responsive
to said eighth signal.
3. Apparatus in accordance with claim 1, wherein said reactor corpprises an
ether reactor. "
4, _ Apparatus in accordance with claim 1, 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 for controlling the concentration ratio of reactants in a
feedstream to a reactor, wherein a plurality of reactant containing feedstreams, and a

feedstream containing an unreactive hydrocarbon material are combined to form a
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comprising the steps of:

establishing a seventh signal representative of the desirgd_rgrio_of sart—=
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combining said first feedstream and a third feedstream containing

unreactive hydrocarbons to form a mixed hydrocarbon feedstream;
| combining said second feedstream and said mixed hydrocarbon

feedstream to providé a complete feedstream for said reactor;

establishing a first signal representative of the concentration of said first
reactant in said mixed hydrocarbbn feedstream;

establishing a.second signal representative of the desired concentration of
said first reactant in said mixed hydrocarbon feedstream;

establishing a third signal responsive to the difference between said first
signal and said second signal, wherein said third signal is scaled to be representative of
the position of a control valve in said third feedstream required to maintain the
concentration of said first reactant in said mixed hydrocarbon feedstream represented by
said first signal Substantially equal to the desired concentration represented by said
second signal; |

manipulating the flow rate of said third feedstream responsive to said
third signal; and

maintaining the flow rate of said second feedstream at a desired ratio to
said mixed hydrocarbon feedstream.
6. A method in accordance with claim 1, wherein said step for maintaining
the flow rate of said second feedstream at a desired ratio to said mixed hydrocarbon
feedstream comprises:

establishing a fourth signal representative of the actual flow rate of said
mixed hydrocarbon feedstream; |

establishing a fifth signal representative of the actual flow rate of said

~ second feedstream; |

establishing a sixth signal representative of a ratio of said fourth signal

and said fifth signal;

establishing a seventh signal representative of the desired ratio of said
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comparing said sixth signal and said seventh signal and establishing an

eighth signal which is responsive to the difference betweeén said sixth signal and said
seventh signal, wherein said eighth signal is scaled to be representative of the flow rate
of said second feedstream required to maintain the actual ratio represented by said sixth
signal substantially equal to the desired ratio represented by said seventh signal; and
manipulating the flow rate of said second feedstream responsive to said
eighth signal. |
7. ' A method in accordance with claim 5, wherein said reactor comprises an
ether reactor. |
8. A method in accordance with claim 5, wherein said first reactant is a
hydrocarboh selected from the group of hydrocarbons consisting of isobutylene and
isoamylene, and said second reactant is an alcohol selected from the group of alcohols

consisting of methanol and ethanol.

W
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ABSTRACT OF THE DISCLOSURE
CHEMICAL REACTOR FEED CONTROL

In a process for manufacture of a chemical product, a reactive hydrocarbon,

feedstream, which varies in composition of the reactive component, is combined with a
compatible but unreactive hydrocarbon feedstream to form a blended hydrocarbon stream
which is then combined with a reactive alcohol stream ot stable concentration of its reactive
component, to form a complete feedstream to the reactor. A desired ratio of relative
reactant concentrations in the complete feedstream to the reactor is maintained by a control
system which maintains a stable concentration in the blended hydrocarbon stream by
manipulating flow rate of the unreactive hydrocarbon feedstream responsive to a
concentration measurement in the blended hydrocarbon stream. Flow ratio control is then
applied to maintain a desired ratio of reactants in the complete feedstream for the reactor by
calculating a flow ratio of the blended hydrocarbon stream to the reactive alcohol
feedstream. The calculated flow ratio is the process variable input to 2 manually set ratio
controller which manipulates the flow rate of the reactive alcohol feedstream responsive to

the flow ratio.

(Fig. 2)
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