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multi zone reaction installation about a desired conver 
sion level and at optimum performance conditions. An 
input to the reaction installation is regulated to regulate 
the. severity of reaction in individual zones and such 
regulation is controlled by means including a regulat 
able set point for each reaction zone. The discharge ef 
fluent from the downstream reaction zone is analyzed 
and the signal responsive to the character of such efflu 
ent is used first to determine a performance index out 
put signal and secondly for determining the total con 
version level. An optimizer utilizes the performance 
index output signal to determine a ?rst output‘ signal for 
each reaction zone representing a ?rst component of 
each regulatable set point. The optimizer analyzes the 
performance index output signal and then determines 
a ?rst output signal necessary for each reaction zone to 
approach an optimum performance in the reaction 
zones. A controllerutilizes the signal indicative of the 
conversion level of the reaction zones and determines 
a second output signal representing a second compo 
nent of the regulatable set points corresponding to the 
desired total conversion level of the reaction zones. 
The ?rst and second output signals are combined and 
are utilized as the regulatable set points for controlling 
the regulation of the severity of reaction in each reac 
tion zone. 

14 Claims, 4 Drawing Figures 
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REACTION ZONE CONTROL 

The present invention is directed to control of the re 
action zone severity in a continuous ?ow reaction pro 
cess wherein a charge stock is passed through at least 
two reaction zones at conversion conditions and the re 
sulting product effluent is analyzed. The analysis there 
from is used to determine a performance index and a 
total conversion level. Controller means‘ is utilized to 
control the reaction zone severity or‘rate of reaction to 
maintain the conversion level. Optimizer means is liti 
lized to optimize the performance index and the signal 
derived from the optimizer means is used in conjunc 
tion with the signal from the controller means to adjust 
the reaction zone severity. Typical of applicable con 
version processes is catalytic hydrore'forming, wherein 
a naphtha fraction is passed into a reaction zone con 
taining noble metal catalysts, in the presence of molar 
excess of hydrogen. Another hydrocarbon conversion 
process which may utilize ‘the concept of this invention 
is the dehydrogenation of ethylbenzene to styrene. 
Other‘processes which may be ‘utilized in connection 

with the present invention control system include any 
reaction processes such as thermocracking, catalytic 
cracking, thermo hydrocracking, catalytic hydrocrack 
ing, isomerization, alkylation, polymerization, and the 
like. 

. BACKGROUND'OF THE INVENTION 

As understanding of the‘reaction mechanisms occur 
ring within a reforming zone has increased, it has be 
come possible to adjust operating techniques and cata~ 
lyst compositions to enhance the speci?c reaction de- ‘ 
sired. Thus, it is a primary purpose of catalytic reform 
ing to subject a substantially sulfur-nitrogenéoxygene 
ole?n and metal free gasoline boiling range or naphtha 
charge stock to high temperature and pressure in the 
presence of hydrogen in order to enhance the anti 
knock properties of the hydrocarbons contained 
therein. It has been determined that such enhance 
ment, resulting in a high octane gasoline product, is de 
rived from four specific chemical reactions; ( l) the de 
hydrogenation of naphthenic hydrocarbons to produce 
corresponding aromatic derivative, (2) the dehydrocy 
clization of paraf?nic hydrocarbons to produce corre- . 
sponding aromatic hydrocarbons; (3) vthe hydrocrack 
ing of high molecular weight hydrocarbons to produce 
lower molecular weight hydrocarbons, and (4) the 
isomerization of normal paraf?nic hydrocarbons to 
produce branched chained‘isomers of ‘equal molecular 
weight. I 

Each of these four reaction mechanisms upgrade low 
octane hydrocarbons to high octane hydrocarbons, but 
it has become necessary to adjust‘operating techniques 
in order to control the reaction mechanisms selectively 
to maximize octane with minimum loss of liquid prod 
uct yield and minimum product production‘ of paraf 
finic gas (methane, ethane, and propane). It has thus 
been determined that‘ the dehydrogenation of naph 
thenes to aromatics. is promoted by operating at low 
pressure levels; the dehydrocyclization of paraffins to 
aromatics is promoted by low pressure and high tem 
perature; and hydrocracking of paraf?ns is promoted 
by high pressure, high temperature, and high residence 
time of the charge stock on the catalystfand that isom 
erization‘of paraffins is promoted by intermediate tem 
perature, and a catalyst comprising a much higher halo 
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2 
gen content than normally employed. Since aromatic 
hydrocarbons have higher octane ratings than other by 
drocarbons of equivalent molecular weight, catalytic 
reforming has shown a current tendency to operate at 
higher temperatures and lower pressures in order to en 
hance the resulting gasoline octane rating by increasing 
the aromatic hydrocarbon content of the gasoline. 

I Therefore the catalytic reforming unit’ producing high 
octane motor fuel, typically is maintained at operating 
conditions suf?cient to enhance the dehydrogenation 
of naphthene‘s and the dehydrocyclization of paraf?ns 
in order to maximize the production of both aromatics ’ 
and hydrogen, maximum hydrogen being desired since 
it is normally consumed elsewhere in the typical petro 
leum re?nery. The production of aromatic hydrocar 
‘bons is enhanced by catalytic reforming at a tempera 
ture in the range of from about 850° F to about 1,050“ 
P and at a pressure in the range of from about 100 psig 
to about 400 psig when the end boiling point of the 
‘charge stock is about 350° F, but when the end point 
of the charge stock is about 400° F or more, the pre— 
ferred pressure is about 500 psig in order to maintain 
catalyst stability. 
The operator of the catalytic reforming unit judi 

ciously selects the operating conditions which he ‘be 
lieves will most economically produce the desired high 
octane gasoline.‘ The naphtha charge stock is passed 
‘into the reaction zone under conditions of temperature, 
pressure, catalyst composition, hydrogen to hydrocar 
bon ratio, etc. which will produce a reactor effluent 
having the composition necessary to result in the de 
sired high octane product. When analysis indicates that 
the product does not meet octane speci?cation, it is 
normal in the art for the operator to manually change 
conditions within the reaction zone to‘compens‘ate for 
any deviation from specification. ‘ 
The resulting hot vaporous reactor effluent contain 

ing hydrogen, normally gaseous hydrocarbons and gas 
oline boiling range hydrocarbons is withdrawn from the 
reaction zone, cooled, condensed, and passed to a sep 
aration zone which is normally a single stage gravity~ 
type phase separator maintained at reforming pressure 
of, say, 50-500 psig. The liquid hydrocarbon or unsta 
bilized reforrnate phase is in equilibrium therein with 
the gas phase containing a major proportion of the hy 
drogen. The hydrogen-rich vapor phase is withdrawn 
and a portion thereof is recycled to the inlet of the cata 
lytic reforming zone for circulation across the catalyst 
together with the naphtha charge. The liquid hydrocar 
bon phase from the separator is then ultimately fed to 
a distillation zone which normally comprises a stabi 
lizer column. The liquid phase contains a substantial 
portion of dissolved hydrogen and C1-C4 hydrocarbons 
which ‘must be removed in order that the stabilized re 
forrnate will meet vapor pressure and octane number 
specifications. A typical sample of catalytic reformate 
from a separator operating at 250 psig consists of: 

Component 
1 2.5 
l 

" s 

C,-400"F endpoint 



3,760,168 
3 

The overhead from the stabilizer column is predomi 
nately C4 and lighter hydrocarbons, and the column 
bottoms is stabilized gasoline typically comprising pre 
dominately C5 to about 400° F endpoint material. 

Usually, reforming reaction zones are run with exces 
sive heat input in order to guarantee that the octane 
quality of the reformate gasoline will meet speci?ca 
tion. Then that result is that the resulting reformate will 
actually exceed speci?cations with respect to octane a 
good part of the time. This mode of operation increases 
the re?ner’s cost, since, as those skilled in the art know, 
decrease in product yield accompanies increase in the 
product octane number. 

Prior attempts have been made to continuously con 
trol the heat input to a reforming reaction zone to 
maintain a predetermined octane quality of the liquid 
yield of the reaction zone. However, if the reaction se 
verity is increased without regard to the yield there is 
always a danger that the resulting yield loss will far out 
strip the resulting value of the octane enhancement of 
the yield. Thuswe have found that we can maintain 
product of desired octane number and optimum perfor 
mance conditions by controlling the severity of each 
reaction zone with controllers having regulatable set 
points. The set points will comprise a signal propor 
tional to the desired octane value of the product yield 
as well as signals which optimize the liquid yield of the 
reforming reaction zones. . 

In the dehydrogenation of ethylbenzene to the sty 
rene, a mixture of ethylbenzene and steam is passed 
over a ?xed bed of dehydrogenation catalyst. In order 
to heat the reactants to reaction temperature, it is the 
general practice to admix the ethylbenzene, which is 
usually at temperatures signi?cantly below reaction 
temperature,'with steam which has been superheated 
to a temperature above the reaction temperature so 
that the admixture is at reaction temperature as it 
passes over the dehydrogenation catalyst. Since the 
basic chemical reaction involved, namely the dehydro 
genation of ethylbenzene to styrene, is endothermic 
there is a signi?cant decrease in the reaction zone tem 
perature as the reaction proceeds. Naturally, as the 
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temperature decreases, the rate of the reaction also de- ' 
creases so that the overall conversion percentage of 
ethylbenzene in the process declines to a point where 
it would be economically unattractive. The tempera 
ture of the superheated steam may be increased so that 
the temperature between the inlet temperature of the 
reactants and the outlet temperature of the reaction 
products average equals the required reaction tempera 
ture. However, it is noted that at higher temperatures 
when the superheated steam is admixed with ethylben 
zene, the ethylbenzene undergoes, to some extent de 
composition or cracking through a pyrolytic reaction. 
in many instances such pyrolysis is effected to a degree 
that the process becomes uneconomical due to the loss 
of ethylbenzene to toluene, benzene, as well as the 
products of carbon monoxide, carbon dioxide, poly 
meric materials, tars, and the like. Prior art has sug 
gested means for increasing the level of conversion by 
utilizing stepped beds and introducing a separate 
stream of steam between such catalytic beds or zones 
in order to reheat the reactants to reaction tempera 
ture. These schemes do have merit and in fact do in 
crease efficiency of conversion. However, it is still de 
sirable that those skilled in the art be furnished with an 
improved method for the conversion of ethylbenzene 
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4 
to styrene wherein conversions as high as 80 percent 
are obtained and wherein capital investment, utility, 
and catalyst costs are maintained at an attractive eco 
nomic level. The present invention provides for such a 
system by‘ providing for controls for maintaining a de 
sired conversion value and minimizing the production 
of the undesirable products of toluene and benzene.‘ 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of this invention to pro 

vide the method and means of controlling the severity 
of reaction zones by maintaining the desired conver 
sion level throughout such zones and by optimizing a 
performance index thereof. 
Another object of this invention is to provide the 

method and means of controlling a continuous hydro 
carbon conversion process. 

It is another object of this present invention to pro 
vide the method and means for controlling a continu 
ous flow hydrocarbon process which adjusts the sever 
ity of conversion through optimizing a performance 
index and maintaining a conversion level. 

It is another object of this invention to provide for the 
method and means for controlling the dehydrogenation 
of ethylbenzene to styrene; 

It is another object of the present invention to pro 
vide an improved method and means of controlling a 
continuous conversion process responsive to the oc 
tane number of the effluent liquid hydrocarbon dis 
charged from the reaction zone and responsive to the 
optimization of the total liquid yield of the hydrocar 
bon discharged. 7 

In one of its broadest aspects the present invention 
provides for in combination with at least two reaction 
zones having inlet means for introducing an inlet efflu 
ent therein and outlet means for discharging the resul 
tant outlet effluent therefrom, a control system which 
maintains a desired total conversion level of operation 
and which optimizes the performance thereof compris 
ing: (a) regulating means connected to eachreaction 
zone for regulating the severity of reaction therein; (b) 
a control means connected to each regulating means 
for controlling, the regulation thereof, each control 
means including a regulatable set point; (c) analyzing 
means communicating with the effluent of the down 
stream reaction zone for producing a signal responsive 
to the character of the outlet effluent; (d) performance 
indicating means connected to said analyzing means for 
determining a performance index output signal; (e) op 
timizer means connected to the performance indicating 
means for optimizing the performance of said reaction 
zones, said optimizer means including means for deter 
mining a ?rst output signal for each control means 
representing a ?rst component of the aforesaid regulat 
able set points and including computer means for ana 
lyzing the performance index output signal of said per 
formance indicating means to determine a ?rst output 
signal necessary for eachreaction zone to approach an 
optimum performance of said reaction zones; (1‘) con 
troller means connected to said analyzing means for de 
termining a second output signal representing a second 
component of the aforesaid regulatable set points cor 
responding'to the desired conversion level of said reac 
tion zones; (g) means connected to said optimizer 
means, to said controller means, and to said control 
means for combining each ?rst output signal with the 
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second output signal to thereby generate signals repre 
senting each aforesaid regulatable set point. 

In one embodiment, the performance index‘ output 
signal is comprised of a function of ( 1) the undesirable 
products in the outlet effluent with respect to (2) the 
desirable products in the'outlet effluent. Thus, the per 
formance index signal may comprise the ratio of unde 
sirable products in the outlet ef?uent to the desirable 
products in the outlet effluent. The optimizer means 
will then determine a ?rst output signal for each con 
trol means to approach a minimum value of this partic 
ular ratio. The regulating means may include means to 
regulate the heat input to each reaction zone; however, 
this should not be considered limiting upon the present 
invention. For example, the pressure may be controlled 
to vary the severity of each reaction zone in the vessel. 
In the alternative the amount of an input ?uid may be 
regulated to control the severity of reaction. 
The conversion level may be determined by a func 

tion of the desired products in the outlet effluent with 
respect to the unreacted reactants remaining in the ef 
fluent. On the other hand, if dealing with a particular 
vessel such as a reforming reaction vessel, the conver 
sion level may be determined by the octane rating of 
the liquid outlet effluent. 
Another aspect of the present invention provides for 

a method of controlling the operation of at least two 
connecting reaction zones comprising the steps of: (a) 
regulating the severity of reaction within each reaction 
zone‘; (b) controlling‘such regulation in response to a 
regulatable set point signal for each reaction zone; (0) 
analyzing the outlet ef?uent of the downstream reac4 
tion zone to produce a signal responsive to the charac 
ter of said outlet effluent; (d) determining a perfor 
mance index output signal from the signal derived from 
‘step (i c); (e) optimizing the‘ performance of said reac 
tion zones by analyzing the output signal derived from 
step ('d) and determining a first output signal necessary 
for ‘each zone to approach an optimum performance of 
said reaction zones, said ?rst output signals represent 
ing a ?rst component of the aforesaid regulatable set 
point signals; (f) determining a second output signal 
representing a second component of the‘ aforesaid reg 
ulatable set point signal corresponding to a desired 
conversion level of said‘reaction zones; and, (g) com 
bining each ?rst output signal with‘ the second output. 
signal to thereby generate each aforesaid regulatable 
set point signal. 1 
Again, the performance index output signal may be 

comprised of a function of undesirable products in the 
outlet ef?uent in respect to the desirable products in 
the outlet ef?uent. The conversion level may be deter 
mined ,by a function of thedesired products in the out‘ 
let ef?uent with respect to the unreacted reactants re 

_ maining in the outlet effluent or on the other hand it 
may be determined by the octane rating of the outlet 
ef?uent. The severity of reaction may be regulated‘by 
regulating the heat input to each reaction zone, ‘the 
pressure of each reaction zone, the amount of input ef 
?uent to the reaction zone, and the like. 
‘A speci?c embodiment of this invention‘provides for 
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6 
from, a method of controlling such process which com 
prises the steps of: (a) regulating the severity of reac 
tion within each catalytic reaction zone; (b) controlling 
such' regulation in response to a regulatable set point 
signal for each reaction zone; (0) analyzing the outlet 
effluent of the downstream reaction zone to produce 
signals responsive to: (1) the quantity of benzene in 
said outlet ef?uent, (2) the quantity of toluene in said 
outlet effluent, (3) the quantity of styrene in said outlet 
ef?uent, and (4) the quantity of ethylbenzene‘ in said 
outlet ef?uent; (d) determining a performance index 
output signal from signals (1), (2), and (3) of step (c), 
the value of said performance index output signal being 
given by a function of: (l) the sum of the quantities of 
benzene and toluene with respect to (2 ) the quantity 
of styrene; (e) optimizing the performance of the cata 
lytic reaction zones by analyzing the performance 
index output signal of step (d) and determining a first 
output signal necessary for each reaction zone to ap 
proach an optimum performance of said reaction 

. zones, said ?rst output signals representing a ?rst com 
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in connection with the process of dehydrogenating eth- _ 
ylbenzene wherein ethylbenzene admixed with steam is 
passed through at least two catalytic reaction zones and 
a total outlet ef?uent including the desired product sty 
rene, the less'desirable products of benzene and tolu 
ene, . and unreacted ethylbenzene is discharged there 

ponent for each of the aforesaid regulatable set point 
signals; (f) determining the total conversion level of 
said reaction zones from signals (3) and (4) of step (c), 
the value of said total conversion level being given by 
a function of: (1) the quantity of styrene with respect 
to,-(2) the quantity of ethylbenzene in the outlet ef?u 
ent; (g) determining a second output‘ signal represent 
ing a second component of the aforesaid regulatable set 
point signal whose value is determined by the compari 
son of a desired conversion level to the actual conver 
sion‘ level determined in step (f); (h) combining each 
?rst output signal of step (e) with the second output 
signal of. step (g) to thereby generate each aforesaid 
regulatable set point signal. 
Preferably the performance output signal is derived 

from a signal determined by the ratio of the sum of 
quantities of benzene and toluene to the quantity of sty 
rene in the outlet ef?uent. Thus, the ?rst output signals 
determined by ‘ analyzing and optimizing‘ the perfor 
mance output signal is determined by minimizing ‘this 
ratio. The conversion level is preferably given by the 
ratio of the quantity of stryene to the quantity of ‘ethyl 
benzene in the outlet effluent. Thus, if it is desired to 

. maintain 80 percent ratio of styrene to ethylbenzene in 
the outlet a proportional controller or the like may be 
utilized to determine a second output signal represent 
ing a second component of the regulatable set points by 
a comparison of the conversion level determined in 
step (1) and a desired ‘conversion level of 80 percent. 
The preferred mode of regulating the rate of reaction 
or the severity of reaction utilizes means which regu 
lates the input of steam to the reactor. This may com 
prise control valves, pumping and the like connectable 
to the inlet steam means. ' , ‘ 

Another specific embodiment of the present inven 
tion is related to the process of reforming hydrocarbon 
charge stocks‘ wherein the hydrocarbon charge stock is 
passed‘throug'h at least two catalytic reaction zones and a 
a total product effluent is discharged therefrom. The 
invention provides for a method of controlling such a 
.process which includes the steps of: (a) regulating th 
severity of reaction within each catalytic reaction zone; 
(b) controlling suchregulation in response to a regulat 
able set point signal for each reaction zone; (0) analyz 
ing the outlet effluent of the downstream reaction zone 
to produce signals responsive to: (l) the liquid yieldin 
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said product effluent and (2) the octane value of the 
liquid yield; (d) optimizing the performance of the re 
action zones by analyzing signal (1) of step (c) and de 
termining a ?rst output signal necessary for each reac 
tion zone to approach an optimum performance of said 
reactor, each ?rst output signal representing a ?rst 
component of the aforesaid regulatable set point sig 
nals; (e) determining a second output signal represent 
ing a second component of the aforesaid regulatable set 
point signals whose value is determined by the compar 
ison of the desired octane value of the liquid yield and 
the octane value determined in step (c); and, (f) com 
bining each ?rst output signal of step (d) with the sec 
ond output signal of step (e) to thereby generate each 
aforesaid regulatable set point signal. 
The present invention may now be more clearly un 

derstood by reference to the accompanying drawing 
which sets forth simpli?ed schematical ?ow diagrams 
of typical reactor systems in which particular embodi 
ments of the inventive control system are utilized. 
FIG. 1 illustrates schematically reaction apparatus 

having two reaction zones wherein the heat input to 
each zone controls the regulation of the rate of reaction 
or severity of reaction. 
FIG. 2 illustrates schematically hypothetical perfor 

mance curves of a reactor installation. 
FIG. 3 illustrates schematically a typical reactor sys 

tem which may be utilized for the dehydrogenation of 
ethylbenzene to styrene and which uses the control sys-, 
tem of the present invention. ’ 
FIG. 4 illustrates a catalytic reforming unit wherein 

the heat input to two reaction zones is used to regulate 
the reaction severity. 

DESCRIPTION OF THE DRAWING 

With reference now to FIG. 1 there is shown a simpli 
fied schematical ?ow diagram for a typical reaction in 
stallation. Reactors 1 and 1' may be one of the many 
reactors utilized in reaction processes as for example 
catalytic reforming, ethylbenzene dehydrogenation, 
thermocracking, catalytic cracking, thermo hydro 
cracking, catalytic hydrocracking, isomerization, alkyl 
ation, polymerization and the like. Reactor 1 has inlet 
means 2 for introducing the inlet effluent therein. A_ 
heater 4 is provided in conjunction with inlet 2 and may 
be any type of heat exchanger employing any type of 
heating medium such as steam, hot oil, hot vapor ?ue 
gas, etc. In the embodiment of FIG. 1 the heater 4 is a 
direct ?red furnace having a burner 5 which is supplied 
through line 6 with fuel. The reaction mixture or efflu 
ent is heated within coils 7 in heater 4. 
The heated reaction mixture leaves heater 4 via line 

2 and is passed into reaction zone 1 at a pressure which 
of course will depend on the particular reaction de 
sired. The ef?uent from reaction zone 1 is discharged 
through outlet 3’ and is passed through downstream re 
heater 4’ of similar con?guration as heater 4. The re 
acted mixture leaves this heater and is passed into reac 
tion zone 1' via inlet 34. The total reaction zone efflu 
ent is discharged through outlet line 3 for storing or fur 
ther processing. The regulation of the rate of reaction 
or severity in the reactors in this particular embodi 
ment is by the heat input into each reaction zone. The 
heat input to the reaction zone is provided by introduc 
ing a fuel via lines 6 and 6' into the combustion burners 
5 and 5 ’ within heaters 4 and 4'. Fuel, which may be 
liquid or gas is burned within the combustion zones and 

20 

25 

35 

40 

45 

50 

55 

60 

65 

8 
the hot combustion gases pass through the furnaces and 
out the stacks. As the fuel is burned and the combus 
tion gas passes through furnaces, the necessary heat is 
put into the reaction mixture contained within coils 7 
and 7’ by means of radiation and convection. 
The heat input into the reaction mixture is controlled 

and adjusted by varying the ?ow of fuel to combustion 
burners 5 and 5’. This control of flow of fuel is 
achieved by means of a flow control loop contained in 
lines 6 and 6’. The ?ow control loop comprises control 
valves 8 and 8' and flow sensing means 9 and 9', which 
for illustrative purposes are shown as ori?ces. Flow sig 
nal lines 10 and 10' transmit the ?ow signal from each 
ori?ce 9 and 9' to ?ow controllers 12 and 12'. Flow 
controllers 12 and 12’ then transmit an output signal to 
the control valves 8 and 8' via lines 13 and 13’. The set 
point of ?ow controllers l2 and 12’ is automatically ad 
justable or regulatable. 
Temperature controllers l4 and 14' also with auto 

matically adjustable set points, sense inlet temperature 
of reactors, as detected by thermocouples or other 
sensing means 15 and 15' located in inlet lines 2 and 34 
of the reactor. The resulting temperature output signals 
are transmitted from‘temperature controllers 14 and 
14’ to flow controllers 12 and 12’ via lines 17 and 17' 
to adjust or reset the set points of ?ow controllers 12 
and 12’ respectively. I . 

An analyzer 18 is installed to be in communication 
with the outlet effluent of the downstream reactor 1 via 
line 19. Line 19 represents a suitable sampling system 
to provide a continuous sample of the outlet effluent of 
the reactor installation. The sample is withdrawn from 
line 3 and is passed into analyzer 18 for analysis. The 
analyzer of FIG. 1 should be constructed to include an 
alyzing means capable of producing a signal or signals 
responsive to the character of the outlet ef?uent. The 
analyzer may include analyzers such as chromato 
graphs, continuous octane monitors, as well as continu 
ous flow monitors which determine the total ?ow 
through outlet 3. At least two outlet signals are deter 
mined by analyzer 18 and will include a signal repre 
senting a particular conversion level and a signal to be 
utilized for determining a performance index of the re 
actor. The conversion level output signal is transmitted 
via line 20 to a recorder controller 21. Controller 21 
has a set point which is adjustable and which is adjusted 
to the preferred conversion level. As for example, if the 
conversion level is to be determined by the octane 
value of the liquid yield in line 3,lcontroller 21 will have 
a set point corresponding to the desired octane value 
of the outlet effluent in line 3. The output signal from 
the controller 21 is transmitted via line 23 through 
summing ampli?ers 24 and 24'. The output signal from 
the summing ampli?ers 24 and 24', which will be the 
total signal from controller 21 and from an optimizer 
30 is transmitted via lines 25 and 25 ' to the set points 
ofthe temperature controllers 14 and 14’. 
As set forth previously, analyzer 18 will also be capa 

ble of determining a signal or signals to be utilized for 
determining a performance index of the reactor instal 
lation. For example, the optimizer may be a chromato 
graph which would generate a signal determinate of the 
amounts of undesirable products in the outlet e?luent 
and a signal determinate of the desirable products in 
the outlet effluent. These two signals may be transmit 
ted via lines 26 and 27 to a performance index determi 
nation device 28. On th other hand, if the signal deter 



9 
mined by the analyzer 18 is a performance signal capa 
ble of being optimized in itself, it may be transmitted 
directly to the optimizer 30. Performance index deter 
mination device 28 may be an operational ampli?er ca 
pable of determining a function of the signals from the 
analyzer which is indicative of the performance of the 
reactor and which is capable of being optimized. By 
way of example, performance index determination de 
vice 28 may be an operational ampli?er capable of de 
termining the ratio of the signal representing the quan 
tity of undesirable products in the reaction ef?uent to 
the signal representing the quantity of the desirable 
products in the ‘reaction effluent. This signal is trans 
mitted via transmitting means 29 to the optimizer 30. 
The optimizer has means for determining an output sig 
nal for the control means of each reaction zone which 
are then transmitted via lines 31 and 33 to the summing 
ampli?ers 24 and 24' respectively. Thus, the output sig 
nals in lines 31 and 33 representing ?rst components of 
the set points of the temperature controllers and the 
output signal of line 23 representing a second compo 
nent of the set points for the temperature controller are 
combined in summing ampli?ers 24 and 24' and trans 
mitted to the set points of the temperature controllers 
via lines 25 and 25’. The optimizer has computer 
means to determine th performance index output signal 
of line 29 and to determine the output signal necessary 
for each reaction zone to approach an optimum perfor 
mance in the reactor vessels. Optimizer 30 is a device 
well known in the art which maximizes or minimizes 
some measure of process performance. By way of ex 
ample, assume that the reactor’s performance index 
may be determined by the ratio of undesirable products 
to desirable products in the product effluent and this 
ratio will vary with the heat input to each reaction 
zone. It is noted that the ratio for each reaction zone 
goes through a minimum at point where the slope of the 
curve is zero as shown in FIG. 2 of the drawing. If zone 
1 is operating at the position as shown as point a on the 
curve, and zone 1’ is operating at point d of its curve 
the optimizer computer will determine the output sig 
nals necessary to alter the set points of the respective 
temperature controllers so that the ratio of undesirable 
products to desirable products will approach b, and 2 
respectively, the minimums on the curves. Likewise, if 
point c is the point on th curve which zone 1 is operat 
ing, and f is the point in the curve where zone 1 is oper 
ating, the optimizer’s computer will determine output 
signals necessary so that the severity of each reactor 
zone will approach 12 and e respectively on the curves. 
It makes no difference if an optimum actually exists or 
at which point it exists. The optimizer adjusts its out 
puts to improve the performance. Reference may be 
made to pages 22-52 through 22-54 of Perry’s 
Chemical Engineering Handbook, fourth edition, pub 
lished by McGraw-Hill Book Company for a brief de 
scription of optimizer theory. 
There are various types of optimizers on the market, 

including the Motorola Veritrak performance opti 
mizer controller manufactured by Motorola, Instru 
mentation and Control Inc. of Phoenix, Arizona, a sub 
sidiary of Motorola, line. This particular optimizer is an 
analogue computer that operates on the principle of in 
troducing small output changes and noting the effect 
on the index or indices it scans. By noting the effect, it 
can reach a decision to change the output signals nec 
essary to approach an optimum performance of the re 
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actor. The performance index it scans need not be the 
index of each reaction zone for the optimizer. It may be 
set up to only scan the performance index of the total 
reaction zone de?ned by zones l and l ', although theo 
retically the optimizer may scan more than one perfor 
mance index. If only scanning the total performance 
index, preferably the small perturbations or changes in 
each reaction zone are made out of sequence with each 
other. By making the perturbations out of sequence, 
the optimizer can more readily differentiate which per 
turbation in which reaction zone caused the perfor 
mance index to change and thus make its decision as to 
each reaction zone. 

If the conversion level of the reaction installation can > 
be de?ned by a ratio of desired products in the product 
effluent outlet 3 to the unreacted reactants in the prod 
uct effluent outlet upon a change in this number the an 
alyzer output signal 20 will transmit a new signal. Con 
troller 21 will transmit an output signal in transmitting 
line 23 to the summing ampli?ers 24 and 24'. This sig 
nal would be a second component of the temperature 
controller set points and would correspond to a value 
which would make the total reaction severity lie within 
the desired conversion level. Preferably the decisions 
of controller 21 are made out of sequence with any 
changes made by the optimizer so the causes of any 
changes in the performance index: are recognizable. If 
the ratio of undesired products to desirable products in 
the product effluent conduit 3 is indicative of the per~ 
formance of the reactor, analyzer 18 will be of the type 
that can analyze such quantities and transmit signals 
indicative thereof. These signals will be transmitted via 
line 26 and 27 to a performance index determination 
device which would be an operational ampli?er capa 
ble of determining and transmitting a signal represent 
ing the ratio of undesirable products to desirable prod 
ucts in the outlet effluent. This output signal would be 
transmitted to the optimizer 30 via line 29 and the opti 
mizer would determine the output signals that would 
cause the reaction severity of each reaction zone to ap4 
proach a ratio of undesirable products ‘ to desirable 
products corresponding to a minimum. This signal 
would be transmitted via line 31 and 33 to summing 
ampli?ers 24 and 24’ where the signal from line 23 
would be added to any existing from signal line 23. The 
two combined signals would make up the set points of 
the temperature controllers 14 and 14' which would in 
turn adjust the set points of the controllers I2 and 12' 
thus affecting the heat input to each reaction zone. 
Referring now to FIG. 3 of the drawing there is again 

shown a reactor 51 which in this particular embodi 
ment is a three stage reactor having catalyst zones A, 
B, and C. This particular reactor is. useful for the dehy 
drogenation of ethylbenzene to styrene. The catalyst‘ 
employed for this dehydrogenation reaction is prefera 
bly an alkali~promoted iron catalyst. Typically, such a 
catalyst may consist of 85 percent by weight ferrous ox 
ide, 2 percent by weight of chro-mia, 12 percent by 
weight of potassium hydroxide, and 1 percent by 
weight of sodium hydroxide. Other catalyst composi~ 
tions include 90 percent by weight iron oxide, 4 per 
cent by weight chromia, and 6 percent by weight potas 
sium carbonate. While these known commercial dehy 
drogenation catalysts are preferred, other known cata 
lysts may be used, including those comprising ferrous 
oxide-potassium oxide, other metal oxides and/or sul 
?des, including those of calcium, lighium, strontium, 
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magnesium, beryllium, zirconium, tungsten, molybde 
num titanium, hafnium, vanadium, aluminum, chro 
mium, copper, and mixtures of two or more including 
chromia-alumina, alumina-titania, alumina-vanadia, 
etc. Similarly, the various methods of preparing the 
aforesaid catalysts are well known within the prior art. 
The amount of catalyst contained in each catalyst 

bed may be varied considerably. Usually, the amount 
of catalyst is expressed in terms of bed depth which 
may range from 6 inches to 50 to 60 feet, depending 
upon such conditions as alkylated aromatic hydrocar 
bon feed rate and the amount of heat which therefore 
must be added to effectuate the reaction at an econom 
ical rate. Typically, the bed depth may range from 2 
feet to 6 feet. 
The reactor pressure may also be varied over a con 

siderable range. Preferably a slightly superatmospheric 
pressure, e.g., 4-20 psi-g, is used; although, in some 
cases, subatomspheric or signi?cant super-atmospheric 
pressure may be desirable. Sufficient pressure must be 
maintained at the reactor inlet to overcome the pres 
sure drop through the multi-beds of catalyst contained 
in the reactor vessels or in separate vessels if each such 
bed is contained in a separate reactor. Although the 
preferred arrangement of the reaction zones for styrene 
production is shown as multiple beds contained in a sin- ' 
gle reactor, single beds in multiple reactors, may be 
used in the practice of this invention. 
As the reactants contact the catalyst contained in, for 

example, the ?rst catalyst bed, there is a temperature 
and pressure decrease observed across the catalyst bed 
due to the endothermic nature of the reaction and due 
to the pressure drop characteristics of the reactor de 
sign including the presence of catalyst therein. For ex 
ample, without additional heat being required, the tem 
perature of the ef?uent leaving the ?rst catalyst bed 
would probably be in the order of 100° F or more, less 
than the inlet temperature selected for the combined 
charge material to the ?rst catalyst bed. Similarly, de 
pending upon the amount of catalyst contained in the 
?rst reaction zone, the pressure of the ef?uent from the 
?rst catalyst bed preferably would be less than 10 psig 
lower than the selected pressure for the combined 
charge to the ?rst catalyst bed. Typically, the pressure 
drop through the first catalyst bed would be within the 
range from 2 to 6 psig and if a similar pressure drop 
were observed across, for example, three catalyst beds, 
the total pressure required at the inlet of the ?rst cata 
lyst bed would be signi?cant, e.g., in the range from 6 
to 18 psig. Superheated steam at a temperature of 
about l,400° F is introduced into the inlet 52 to the re 
actor via steam line 85 at a ratio of about 0.65 pounds 
of steam to 1.0 pounds of ethylbenzene and is admixed 
with the ethybenzene to a nominal temperature of 
about 1,200° F (as de?ned in the prior art the dehydro 
genation of ethylbenzene is generally affected at a reac 
tor temperature within the range of about 932° to 
1,292’ F). A second steam line 85' is used to introduce 
superheated steam at a nominal temperature of about 
l,500° F in between catalyst zones A and B at a ratio 
of about 1.0 to 1.2 pounds of steam to effluent to raise 
the temperature of the total ef?uent to reaction tem 
peratures. A third steam line 85" is used to introduce 
super-heated steam at a nominal temperature about 
1,500” F into admixture with the total effluent between 
zones B and C at a ratio of about 0.80 to 1.35 pounds 
of steam to effluent to raise the temperature of the ef 
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12 
?uent to reaction temperatures. The total outlet efflu 
ent having a temperature within the range of about 
l,000° to 1,400“ F is discharged through outlet conduit 
means 53. 
A ?ow control loop is provided for each steam inlet 

to vary the ?ow of steam into the reactor at each point 
of introduction to thus control reaction zone severity. 
The ?ow control loop comprises ?ow control valves 58, 
58' and 58" receiving output signals via lines 53, 53' 
and 53" from ?ow controller 62, 62' and 62" respec 
tively. Flow controllers 62, 62' and 62" receive the 
?ow rate signals from sensing means 59, 59' and 59" 
via ?ow signal lines 60, 60’ and 60" respectively. Flow 
controllers 62, 62’ and 62" have adjustable set points 
which are reset by the output signals of temperature 
controllers 64, 64’ and 64" respectively, said output 
signals being transmitted via line 67, 67’ and 67 ". Each 
temperature controller receives a temperature signal 
from the inlet of each reactor zone A, B, and C respec 
tively by means of temperature sensing devices such as 
thermocouples 65, 65 ’ and 65 ". Temperature control 
lers 64, 64' and 64" also have adjustable set points. 
The product effluent from outlet 53 is sampled by an 

analyzer 68 by means of a sampling loop 69. The analy 
zer 68 may be a chromatograph capable of determining 
output signals of the products and/or reactants in the 
outlet effluent. For styrene production, the output sig 
nals which are utilized in the present invention are: 
quantity of benzene; quantity of toluene; quantity of 
styrene; and quantity of ethylbenzene. These signals 
are transmitted via lines 86, 87, 88 and 89 respectively 
to four input memory ampli?ers 35, 36, 37 and 38 re 
spectively. Preferably, the signal that the memory am 
pli?ers will accept will indicate only the peak height of 
these products benzene, toluene, styrene and ethylben 
zene although ?ltered or average values are contem 
plated. The output of the styrene memory ampli?er 37 
and ethylbenzene memory ampli?er 38 are transmitted 
via lines 43 and 44 to a divider 45 and the quotient out 
put signal representing the ratio of styrene to ethylben 
zene is transmitted to a recorder controller 71 via line 
70 having a set point adjusted to the desired ratio of 
styrene to ethylbenzene. The output of this controller 
is fed simultaneously through the feed forward input of 
three summing ampli?ers 74, 74’ and 74" via line 73 
whose output is ?nally transmitted to the temperature 
controller set points via line 75, 75’ and 75 ". 
The output of the benzene memory ampli?er 35 and 

toluene memory ampli?er 36 is transmitted via lines 39 
and 40 to a summing ampli?er 46. The signal of sum 
ming ampli?er 46 represents the sum of benzene and 
toluene and its signal is transmitted via line 41 to a di 
vider 47. The output of the styrene memory ampli?er 
37 is transmitted via line 42 to the divider 47 and the 
output of the divider which represents the ratio of ben 
zene plus toluene to styrene (B + T)/S is transmitted 
via line 79 to an optimizer 80. The output in line 79 
represents the performance signal of the reactor 51. 
The optimizer by introducing small perturbations into 
the control process via the temperature controllers 64, 
64' and 64" notes the effct on the performance index 
( B + T)/S and determines an output signal necessary 
for each reaction zone to approach an optimum perfor 
mance index (in this case a minimum). The output sig 
nals from the optimizer are transmitted via line 81, 87 
and 88 to the summing ampli?ers 74, 74’ and 74". The 
signals from the summing ampli?ers correspond to the 
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set points of the temperature controllers 64, 64’ and 
64" and thus regulate the steam input and conse 
quently the heat input into each catalytically active 
zones A, B, and C. Thus, the proportional controller 71 
adjusts the set point of the temperature controllers 64 
in response to a desired conversion level determined by 
the ratio of styrene to ethylbenzene in the conduit 53 
and the optimizer‘80 adjusts each set point of the tem 
perature controller 64, 64’ and 64" by minimizing the 
ratio of the undesirable products of benzene to toluene 
to styrene in the product ef?uent. 
As was the case in the embodiment of FIG. 1 of the 

drawing the small perturbations made by the optimizer 
for making a decision as to each reaction zone are pref 
erably made out of sequence with each other. By mak— 
ing the perturbations the optimizer can differentiate 
which perturbations in which reaction zone cause the 
performance index to change and thus make its deci 
sion as to each reaction zone. The signals from the pro 
portional controller are the second component of the 
set points and of course correspond to a value which 
maintains the ratio of styrene to ethylbenzene within or 
about a desired range; e‘.g., 60 percent. Preferably, any 
changes made by the proportional controller are made 
out of sequence with any changes made by the opti 
mizer so causes of any changes in the ratio (B + T)/S 
are recognizable. 
Referring now to FIG. 4 of the drawing there is 

shown a simpli?ed schematic ?ow diagram for a typical 
catalytic reforming unit which utilizes the inventive 
control system. A low octane number feedstock com 
prising naphtha or gasoline boiling range hydrocarbon 
constituents, having an end boiling point of about 350° 
F enters the reforming process via line 100. A recycle 
gas stream may be injected into line 100 through line 
99. The recycle gas stream would comprise predomi 
nately hydrogen, with a minor portion of normally gas 
eous hydrocarbon vapor comprising methane, ethane, 
and propane, and traces of heavier hydrocarbons. The 
resulting mixture of hydrogen and hydrocarbon passes 
into a reactor preheater 104 which may be any type of ~ 
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heat exchanger employing any type of heating mediums - 
such as steam, hot oil, hot vapor, ?ue gas, etc. Nor 
mally however, in order to achieve the high tempera 
ture required, preheater. 104 will be a direct ?red fur 
nace as illustrated. The reaction mixture of the‘ hydro~ 
carbon and hydrogen is heated within a coil 107 of pre 
heater 104. The heated reaction mixture leaves pre 
heater 104 via line 102, typically at a temperature of 
from about 900° to l,00O° F depending upon the com 
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position of hydrocarbon feedstock. The hot mixture ‘ 
passes into a first reaction zone comprised of a reactor 
vessel 101 at a pressure of about 300 psig. The reaction 
zone preferably contains a noble metal reforming cata~ 
lyst and the reaction mixture undergoes a conversion to 
lower boiling hydrocarbon constituents having a higher 
octane number. The reaction primarily comprises de 
hydrogenation of naphthenes which is an endothermic 
reaction. Consequently, the reaction mixture leaves the 
reaction zone via line 150 at a temperature typically 
from 20° to 150° F below the reactor inlet temperature, 
depending of course upon the naphthene content of the 
charge stock. The reactor effluent passes via line 150‘ 
to a reheater 154 which may be similar to preheater 
104. The ef?uent is heated within a coil 157. The re 
heated mixture leaves reheater 154 via line 152 typi 
cally at a temperature of from about 900° to l,000° F. 
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The hot mixture passes into a second reactor zone com 
prised of a reactor vessel 151 at a pressure of about 300 
psig having suitable catalyst therein whereby such mix 
ture undergoes a further conversion to lower boiling 
hydrocarbon constituents having a higher octane num 
ber. The reactor mixture leaves reaction zone 15] via 
line 103 at a somewhat lower temperature and passes 
into a heat exchanger 135 wherein the mixture is 
cooled and normally liquid constituents are condensed. 
The condensed and cooled mixture leaves the heat ex 
changer 135 at a temperature of about 60° to 120° F, 
and passes into a separator 136 via line 137. Separator 
136 will be at a pressure which is substantially the same 
pressure as the reaction zone, but it will be at a slightly 
lower level due to pressure drop through the reactors 
catalyst beds, line 150, heater 154, line 152, line 103, 
heat exchanger 135, and line 137. Thus, whereas the 
reactor 101 will typically be at an inlet pressure of 
about 300 psig, separator 136 will typically be at a pres 
sure of about 250 psig or lower. The condensed and 
cooled ef?uent entering separator 136 via line 137 is 
separated therein into a vapor phase and a liquid phase. 
The vapor phase is withdrawn via line 99 for recycle to 
the reaction zones. Compressor means not shown, 
sends the hydrogen-rich vapor phase via line 99 into 
line 100 for mixture with the charge stock, as was pre 
viously set forth hereinabove. The catalytic reforming 
reaction not only upgrades the hydrocarbon constitu 
ents to higher octane number components, but it also 
produces hydrogen as a byproduct of the process. Con 
sequently, a net hydrogen-rich gas is withdrawn via line 
140v by conventional pressure control means, not 
shown, as a net gas product which is typically sent ‘to 
further processing units for consumption elsewhere in 
the» re?nery. ' i ‘ V 

.The liquid phase containing dissolved gaseous com 
ponents is withdrawn from separator 136 via line 141 
and is passed through a control valve 142 usually into 
a fractionation zone (not shown). The liquid phase 
withdraw rate typically is adjusted via a liquid level 
controller (not shown) which may be operated by a 
level sensing means in the separator. The level control‘ 
ler would adjust valve 142 by transmitting a pneumatic, 
electrical, or hydraulic output signal. 
Heat input to reaction zones is provided by introduc 

ing a fuel via lines 106 and 156 into burner 105 in the 
preheater 104 and burner 155 of reheater 154 respec 
tively. The fuel, which may be a liquid or gas, is burned 
within the combustion‘ chambers and the hot combus 
tion gases pass through the furnace and out of the 
stack. As the fuel is burned and the combustion gas 
passes through the furnace, it imparts the necessary 
heat input into the reaction mixture contained within 
the coils 107 and 157 by means of radiation and con 
vection. 
The heat input into the reaction mixture is controlled 

and adjusted by varying the ?ow of fuel to the burners 
105 and 155. This control flowiof fuel is achieved by 
means of a flow control loop similar to that shown in 
FIG. 1 of the drawing. The flow control loop of each 
reaction zone comprises control valves 108 and 108' 
and ?ow sensing means 109 and 109' which for illustra 
tive purposes are shown as ori?ces. Flow signal lines 
1 10 and 1 10' transmit the flow signals from the ori?ces 
109 and 109’ to ?ow controllers ‘112 and 112". Flow 
controllers 112 and 112' then transmit output signals 
to respective control valves ‘108 and 108' via lines 1 13 
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and 113'. The set point of flow controllers 112 and 
112’ are automatically adjustable. 
Temperature controllers 114 and 114’, also with an 

automatically adjustable or regulatable set points, 
sense the reactor inlet temperature as detected by ther~ 
mocouples or other sensing means 115 and 115' lo 
cated in the inlet lines 102 and 152 or other suitable 
inlet portions of the reaction zones. The resulting tem 
perature output signals are transmitted from tempera 
ture controllers 114 and 114' to ?uid controllers 112 
and 112’ via lines 117 and 117’ 60 adjust or reset the 
set points of each flow controller. 
An octane monitor 118 which may be the type de 

scribed in US. Pat. No. 3,463,613 issued Aug. 26, 
1969 to ER. Fenske and J.l-l. McLoughlin is installed 
in line 143 connected with the liquid discharge of sepa 
rator 136. It is connected through a suitable sampling 
line 119 to provide a continuous sample of the liquid 
phase of the reactor effluent. The sample is withdrawn 
and passed into the octane analyzer or monitor without 
intervening depressurization. Preferably, the octane 
monitor utilized a stabilized cool ?ame generator with 
a servo-positioned ?ame front. in a preferred embodi 
ment, the ?ow of the oxidizer (air) and (fuel) effluent 
liquid phase sample are ?xed, as is the induction zone 
temperature. Combustion pressure is the parameter 
which is varied in a manner to immobilize the stabilized 
cool ?ame front. Upon a change in sample octane num 
ber, the change in pressure required to immobilize the 
?ame front within the octane monitor provides a direct 
indication of the change of octane number in the sam 
ple delivered to the combustion chamber of the octane 
monitor. Typical operating conditions for the octane 
monitor are: 

Air flow 
Fuel flow 
Induction zone temperature 

3500 cc/minute (STP) 
l cc/minute 
700°F (research octane) 
800°F (motor octane) 
4 to 20 psig 
80 to 102 

Combustion pressure 
Octane range (max) 

The sample may be drawn off at a rate of about 100 
cc per minute from a point upstream of the control 
valve 142 and returning it downstream from the control 
valve 142 the sample itself being drawn off from an in 
termediate portion of the sample loop and injected at 
a controlled rate by a metering pump to the combus 
tion tube of the octane monitor. 
The octane monitor output signal is transmitted via 

line 120 to a recorder controller 121. Upon a decrease 
in the measured octane number of the liquid phase 
sample, the octane monitor will call for an increase in 
the reaction zone temperature in order to dehydroge 

' nate a greater proportion of the naphthenes in the 
charge stock, to produce a greater amount of high oc 
tane aromatic hydrocarbon in the effluent. Thus, the 
recordercontroller 121 will call for an increase in the 
flow of fuel which is done indirectly through summing 
ampli?ers 124 and 124'. in other words, the output of 
the recorder controller 121 is connected via line 131 to 
summing ampli?ers 124 and 124' and via lines 125 and 
125' to the set point of the temperature controllers 114 
and 114'. Summing ampli?ers 124 and 124’ combine 
the signal from the recorder controller 121 and the sig 
nals from an optimizer 130. Thus, considering only re 
corder controller 121, upon a decrease in the measured 
octane number of the liquid phase sample, the octane 
monitor will call for an increase in the reaction zone 
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16 
temperatures in both reaction zones in order to dehy 
drogenate a greater proportion of the naphthenes in the 
charge stock, to produce a greater amount of high oc 
tane aromatic hydrocarbons in the e?luent. Tempera 
ture controllers 114 and 114’ then will call for an in— 
crease in the‘ ?ow of fuel to the heaters 104 and 154 in 
order to increase the heat input into the reactants in 
coils 107 and 157 and thereby increase the tempera 
ture of the reaction mixture entering the reaction 
zones. 

If the octane number of the ef?uent sample is higher 
than the required speci?cation, the octane monitor will 
call for a decrease in the reaction zone temperature 
and the overall corrective action will be the reverse of 
that previously described. The octane number of the 
liquid phase of the reactor ef?uent is continuously 
monitored and the reaction zone is controlled under 
conversion conditions sufficient to provide a substan 
tially constant octane number on the liquid phase of the 
e?luent at a constant predetermined level. 
Although maintaining the octane level of the liquid 

ef?uent is accomplished with the octance monitor and 
recorder controller 121, we have found that this con 
trol is not in itself adequate. In other words, maintain 
ing the speci?cation octane number may decrease the 
yield to such an extent that all savings in the utility 
costs will be cancelled. Thus, the present invention as 
another factor to adjust the set points of the tempera 
ture controllers and that being the signals derived from 
optimizer 130. Optimizer 130 may be of the type previ~ 
ously described which introduces perturbations into 
the input of each reaction zone and notes the effect on 
the'perforrnance index it scans. In this particular em 
bodiment, the performance index the optimizer scans 
is determined by the liquid yield. Accordingly there is 
provided a ?ow sensing means 143 in line 141 down 
stream of the separator 136, which for illustrative pur 
poses is shown as an ori?ce. A ?ow signal line 144 
transmits the ?ow signal from the ori?ce 143 to mem 
ory ampli?er 145. Memory ampli?er 145 transmits the 
peak rate of ?ow to the optimizer 130 via transmitting 
line 146 although an average or ?ltered ratio may be 
used. The optimizer in turn transmits output signals via 
lines 147 and 197 to summing ampli?ers 124 and 124' 
respectively. Summing ampli?ers 124 and 124’ add the 
signals from line 147 and Y197 to the signal from line 
131 and transmit these output‘ signals via lines 125 and 
125' to corresponding temperature controllers to ad 
just the set points thereof. Thus, considering only [the 
optimizer portion of ‘the control system, it is seen that 
the optimizer will sense a signal indicating the liquid 
yield quantity of ?ow. It will introduce small perturba 
tions into each reaction zone via its output to the tem 
perature controllers 114 and 114’ which will vary the 
heat input into each reaction zone. The optimizer'will 
note whether the liquid yield will increase or decrease 
and subsequently transmit the individual output signals 
necessary to increase the liquid yield. It does not matter 
whether or not there actually exists a maximum condi 
tion of yield or at what point the maximum‘ if any does 
exist. The optimizer merely transmits signals that will 
increase the yield. But, it will not increase the yield to 
the exclusive detriment of, the octane value since the 
octane is being continually ‘monitored and controlled 
by the recorder controller 121 preferably out of se 
quence with the optimizer. 
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The present invention should not be considered di 
rected to merely a system where the heat input is con 
trolled in order to control the severity of reaction but 
may be directed on the other hand, to systems where 
one of the components of the feed is the variable to 
control the severity of the reaction. Also, it is noted 
that the temperature controllers used only one sensing 
means to determine the severity of the reaction in all 
three embodiments It is also contemplated to use a 
temperature controller whose set point is determined 
by aAT across the reaction zone. 
The method of operation of the inventive control sys 

tem is readily apparent to those skilled in the art from 
the foregoing discussion relative to the drawing. In ad 
dition, the advantages of the present invention are 
equally apparent. ' 

The primary advantage is that the present invention 
maintains a particular range of operation, e.g. percent 
conversion, octane level, and yet optimizes a related 
but not necessarily dependent performance index by 
regulating the severity of connecting reaction zones. Of ' 
course it is to be considered to be within the scope of 
this present invention to provide the necessary relays, 
gates, timers, etc. to in turn compensate for lag times 
inherent in large reactor systems. In addition, it is not 
absolutely necessary that the signals from the optimiz 
ers and from the range of operation controllers be. 
added simultaneously as was set out previously. In 
other words, the range of operation controller may be 
set to update the temperature controller set point peri 
odically, for example, every 30 minutes, and the signal 
from the optimizer may be used to update the tempera— 
ture controller set point every 60 minutes. Of course 
other time periods may be considered to be in the 
scope of this invention. ‘ 

In the foregoing disclosure the use and application of 
the improved control system has been disclosed with 
reference to catalytic reforming and styrene produc 
tion systems. Those skilled in the art realize, however, 
that the inventive control system is not so limited. The 
inventive control system which has been disclosed. 
herein may be utilized in any reaction process such as 
thermocracking, catalytic cracking, ‘ thermo hydro 
cracking, catalytic hydrocracking, isomerization, alkyl 
ation, polymerization, and the like. 
Those skilled in the art realize that many conversions 

and processes employ plural reactor vessels with a pre 
heater at each individual reaction vessel. Thus, it is 
within the scope of the present invention to apply an 
embodiment of the inventive control system to more 
than two or three of preheater-reactor combinations. 
For example, a catalytic reforming unit typically em 
ploys three or more reactor vessels and corresponding 
preheaters for three reactor catalytic reforming zones. 
The method of adapting the present invention to pro 
vide other multiple application of the inventive control 
system, would be readily apparent to those skilled in 
the art utilizing the teachings which have been pres 
ented hereinabove. I 

Additionally, while the inventive control system has 
been disclosed with reference to the control of conver 
sion or reaction severity or rate of reaction by the ad 
justment and control of heat input, e.g. (I) steam, (2) 
heaters, those skilled in the art realize that the inven 
tive control system may be utilized to control severity 
or rate of reaction by the adjustment of any other oper 
ating variable. For example, in ?uid catalytic cracking 
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the inventive control system may be utilized to control 
the rate of catalyst circulation. In l-IF alkylation the in 
ventive control system may adjust reaction severity by 
adjustments to the rate of circulation of isobutane reac 

5 tant. In polymerization over solid phosphoric acid cata 
lyst, the inventive control system may adjust reaction 
severity by adjusting the rate of flow of ole?n reactant 
to the reaction zone. In each instance, the adjustments 
to the conversion or reaction severity made by the in 
ventive control system, will result in the production of 
the ultimate product within the specification, range of 
operation, and with the performance index optimizer 
therein. 
The components of the control system shown in the 

drawings are well known to those skilled in the art. The 
various transmitting lines, transmitters, dividers, sum 
ming ampli?ers, optimizers, sensing devices, etc. are 
available commercially from any number of reputable 
instrument manufacturers. 

I claim as my invention: 
1. In combination with at least two serially connected 

reaction zones having inlet means for introducing an 
inlet reactant stream thereto and outlet means for dis 

25 charging the resultant effluent therefrom, a control sys 
tem which maintains a desired range of operation and 
optimizes the performance thereof comprising: 

a. regulating means connected to each reaction zone 
for regulating the severity of reaction therein; 

b. a control means connected to each regulating 
means for controlling the regulation thereof, each 
control means including a regulatable set point; , 

c. analyzing means communicating with the effluent 
of the downstream reaction zone for producing a 
signal responsive to the character of said effluent; 

d. performance indicating means connected to said 
analyzing means for determining a performance 
index output signal; 

e. optimizer means connected to the performance in 
dicating means for optimizing the performance of 
said reaction zones, said optimizer means including 
means for determining a ?rst output signal for each 
said control means and including computer means 
for analyzing the performance index output signal 
of said performance indicating means to determine 
said ?rst output signal necessary for each reaction 
zone to approach an optimum performance of said 
reaction zones; 

f. controller means connected to said analyzing 
means for determining a second output signal cor 
responding to the desired conversion level of said 
reaction zones; and, - 

g. summing means connected to said optimizer 
55 means, to said controller means, and to said control 

means for summing each ?rst output signal and the 
second output signal to thereby generate signals 
representing each aforesaid regulatable set point. 

'2. The control system of claim 1 further character 
ized in that said performance index output signal is 
comprised of a‘function of: ' 

1. the‘undersirable products in said effluent with re 
spect to ' ‘ ‘ 

2. the desirable products in said effluent. 
3. The control system of claim 1 further character 

ized in that said regulating means includes means to 
regulate the heat input to said reaction zones. 
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4. The control system of claim 1 further character 
ized in that the conversion level of said reaction zones 
is determined by a function of: 

1. the desired products in said effluent with respect 
to 

2. the unreacted reactants remaining in said effluent. 
5. The control system of claim 1 further character 

ized in that the conversion level of said reaction zones 
is determined by the octane rating of said effluent. 

6. A method of controlling the operation of at least 
two serially connected reaction zones comprising the 
steps of: 

a. regulating the reaction severity within each reac 
tion zone; 

b. controlling such regulation in response to a regu 
latable set point signal for each reaction zone; 

0. analyzing the ef?uent of the downstream reaction 
zone to produce a signal responsive to the charac 
ter of said effluent; 

d. determining a performance index output signal 
from the signal derived from step (c); 

e. optimizing the performance of said reaction zones 
by analyzing the output signal derived from step 
(d) and determining a ?rst output signal necessary 
to approach an optimum performance of said reac 
tion zones; 

f. determining a second output signal corresponding 
to a desired conversion level of said reaction zones; 
and, 

g. summing each of the ?rst output signals with the 
second output signal to thereby generate each 
aforesaid regulatable set point signal. 

7. The method of claim 6 wherein the performance 
index output signal is comprised of a function of: 

l. the undesirable products in said ef?uent with re 
spect to 

2. the desirable products in said ef?uent. 
8. The method of claim 6 wherein the second output 

signal of step (1‘) is derived from the conversion level 
determined by a function of: 

1. the desired products in said effluent with respect 
t0 

2. the unreacted reactants remaining in said ef?uent. 
9. The method of claim 6 wherein the second output 

signal of step (f) is derived from the conversion level 
determined by the octane rating of said ef?uent. 

10. The method of claim 6 wherein said reaction se 
verity is regulated by regulating the heat input to each 
reaction zone. 

11. In the process of dehydrogenating ethylbenzene 
wherein ethylbenzene admixed with steam is passed 
through at least two catalytic reaction zones and a total 
ef?uent including the desirable product styrene, the 
less desirable products of benzene and toluene, and un 
reacted ethylbenzene is discharged of benzene there 
from, a method of controlling such process whichcom 
prises the steps of: 

a. regulating the reaction severity within each cata 
lytic reaction zone; 

b. controlling such regulation in response to a regu 
latable set point signal for each reaction zone; _ 

c. analyzing the ef?uent of the downstream reaction 
zone to produce signals responsive to: 
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1. the quantity of benzene in said effluent; 
2. the quantity of toluene in said effluent; 
3. the quantity of styrene in said ef?uent; 
4. the quantity of ethylbenzene in said ef?uent; 

d. determining a performance index output signal 
from signals (1), (2), and (3) of step (c), the value 
of said performance index output signal being 
given by a function of: 
1. the sum of the quantities of benzene and toluene 
.with respect to 

2. the quantity of styrene in said ef?uent 
e. optimizing the performance of said reaction zones 
by anaylzing the performance index output signal 
of step (d) and determining a ?rst output signal 
necessary for each reaction zone to approach an 
optimum performance of said reaction zones; 

f. determining the total conversion level from signals 
(3) and (4) of step (c) the value of said total con 
version level being given by a function of: 
l. the quantity of styrene with respect to 
2. the quantity of ethylbenzene in the effluent; 

. determining a second output signal whose value is 
determined by the comparison of a desired total 
conversion level of said reaction zone to the actual 
total conversion level of each reaction zone deter 
mined in step (f); 

h. summing each of the ?rst output signals of step (e) 
with the second output signal of step (g) to thereby 
generate each aforesaid regulatable set point sig 
nal. 

12. The process of claim 11 wherein step (a) includes 
regulating the input of superheated steam to said reac 
tion zones. , 

13. In the process of reforming hydrocarbon charge 
stock, wherein the hydrocarbon charge stock is passed 
through at least two catalytic reaction zones and a total 
product ef?uent is discharged therefrom, a method of 
controlling such process which comprises the steps of: 

a. regulatingthe severity of reaction within each cat 
alytic reaction zone; 

b. controlling such regulation in response to a regu 
latable set point signal for each reaction zone; 

c. analyzing the effluent of the downstream reaction 
zone to produce signals responsive to: 
1.‘ the liquid yield in said product ef?uent; 
2. the octane value of the liquid yield; 

d. optimizing the performance of the reaction zones 
by analyzing signal (1) of step (c) and determining 
a ?rst output signal necessary for each reaction 
zone to approach an optimum performance of said 
reaction zones; 

e. determining a second output signal whose value is 
determined by the comparison of the desired oc 
tane value of the liquid yield and the octane value 
determined in step (c); and 

f. summing each of the ?rst output signals of step (d) 
with the second output signal of step (b) to thereby 
generate each aforesaid regulatable set point sig 
nal. 

14. The process according to claim 13 wherein the 
severity of reaction is regulated by regulating the heat 
input to said reaction zones. 

* ‘Ii )0! * * 


