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57 ABSTRACT 

The strength of acid in an alkylation unit is controlled 
by a system using a signal corresponding to the an 
ticipated demand on the acid by the reaction of olefin 
and isoparaffin in the presence of the acid. The reac 
tion weakens the acid so that it is necessary to replace 
some of the weakened acid with fresh acid to maintain 
a desired acid strength. The control system includes 
apparatus sampling the olefin and isoparaffin entering 
the alkylation unit which provides a signal correspond 
ing to the percent volume of acid degrading con 
stituents formed during alkylation. A water analyzer 
samples the olefin and isoparaffin and provides a 
signal corresponding to their water content. Signals 
corresponding to sensed flow rates of fresh and 
discharged acid entering and leaving, respectively, the 
alkylation unit and of the olefin and isoparaffin are 
provided by sensors. A control circuit using analog 
computers develop the control signal in accordance 
with the signals from the sensors, the volume signal 
and the signal from the analyzer and equations 
hereinafter disclosed. The control signal is applied to a 
flow recorder controller which controls the flow rate 
of the fresh acid entering the alkylation unit so as to 
maintain the desired acid strength. 

4 Claims, 11 Drawing Figures 
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MEANS AND METHOD FOR CONTROLLING THE 
STRENGTH OF AC N AN ALKYLATION UNIT 

BACKGROUND OF THE INVENTON 

FIELD OF THE INVENTION 

The present invention relates to alkylation units in 
general and, more particularly, to a control system for 
an alkylation unit. 

SUMMARY OF THE INVENTION 

A control system controls the strength of acid in an 
alkylation unit so as to maintain the acid's strength at 
a predetermined level. The alkylation unit reacts an 
isoparaffin with olefin in the presence of the acid to 
provide an acid-hydrocarbon mixture to a settler where 
the hydrocarbon is separated from the acid to provide 
a hydrocarbon product. A portion of the acid is recy 
cled while the remaining acid is discharged from the al 
kylation unit. Fresh acid is added to the recycled acid 
to affect the strength of the acid. The control system 
includes apparatus for controlling the strength of the 
acid in accordance with a control signal. A water analy 
zer samples the olefin and isoparaffin to provide a sig 
nal corresponding to the water content of the olefin 
and isoparaffin. A network samples the olefin and iso 
paraffin and provides a signal corresponding to the 
composition of the olefin. The flow rates of the olefin 
and isoparaffin, the fresh acid and the discharge acid 
are sensed by flow sensors which provide correspond 
ing signals. A control circuit develops the control signal 
in accordance with the signals from the analyzer, the 
composition determining circuit and the sensors. 
One object of the present invention is to control the 

strength of acid in an alkylation unit by determining the 
demand that will be made on the acid durinc an alkyl 
ation process which reacts olefins with an isoparaffin in 
the presence of acid. 
Another object of the present invention is to sense 

the composition of an olefin prior to being reacted with 
an isoparaffin in the presence of acid to determine the 
quantity of acid degrading compounds formed during 
alkylation. 
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The foregoing and other objects and advantages of 45 
the invention will appear more fully hereinafter from a 
consideration of the detailed description which follows, 
taken together with the accompanying drawings 
wherein one embodiment of the invention is illustrated 
by way of example. It is to be expressly understood, 
however, that the drawings are for illustration purposes 
only and are not to be construed as defining the limits 
of the invention. 

DESCRIPTION OF THE DRAWENGS 

FIG. 1 is a simplified block diagram of a control sys 
tem, constructed in accordance with the present inven 
tion, for controlling the strength of acid in an alkylation 
unit which is also partially shown in schematic form. 
FIG. 2 is a detailed block diagram of the programmer 

shown in FIG. I. 
FIGS. 3A through 3E are diagrammatic representa 

tions of pulse voltages provided by the programmer 
shown in FIG. during one cycle of operation. 
FIGS. 4 and 5 are detailed block diagrams of the ole 

fin signal means and the control means shown in FIG. 
1. 

55 

65 

2 
FIG. 6 is a diagrammatic representation of the reac 

tion of an olefin and an isoparaffin in the presence of 
acid. 
FIGS. 7 through 11 are detailed block diagrams of 

the Vs computer, the A computer, the B computer, the 
C computer and the M computer, respectively, shown 
in F.G. . 

DESCRIPTION OF THE INVENTION 

Referring to FIG. 5, there is shown a portion of an al 
kylation unit in which an olefin is reacted with isoparaf 
fin in the presence of a catalyst, such as sulfuric or hy 
drofluoric acid, to form a higher molecular weight iso 
paraffin. For purpose of explanation, the acid in the fol 
lowing description shall be sulfuric acid. The olefin 
may be butylene, propylene or a mixture of butylene 
and propylene, while the isoparaffin may be isobutane. 
The control system shown in FIG. anticipates changes 
in the acid strength due to changes in the quantities of 
acid degrading compounds formed during alkylation to 
control the acid strength accordingly so as to speed up 
the control process. 
The charge olefin and isoparaffin enters a contactor 

4, by way of a line 6, where the charge olefin and iso 
paraffin are contacted with acid entering by way of a 
line 7. Contactor 4 provides an acid-hydrocarbon mix 
by way of a line 8 to an acid settler 12. Settler 12 sepa 
rates the hydrocarbon product from the acid and the 
hydrocarbon product is discharged through a line 14 
while the acid is removed by way of a line 16. Acid set 
tler 12 may be the only acid settler in the alkylation 
unit or it may be the last acid settler of a group of acid 
settlers. Fresh acid enters line 16 by way of a line 17 as 
needed to maintain a desired acid strength. A pump 20 
pumps the acid from line 16 into line 7. A portion of 
the acid in line 7 is discharged by way of a line 21. The 
discharge acid may be provided to another alkylation 
unit or disposed of. 
The level in acid settler 12 is maintained by a conven 

tional level sensor 27, a level recorder controller 28, a 
flow sensor 29 and a valve 30. Sensor 27 provides a sig 
nal to flow recorder controller 28 corresponding to the 
sensed acid level in settler 2. Flow sensor 29 and valve 
30 are located in line 21. Sensor 29 provides signal Ea 
to flow recorder controller 28 corresponding to the dis 
charge acid flow rate. The set point of controller 28 is 
adjusted by the signal from level sensor 27. When the 
acid level in settler 12 is high, the set point of flow re 
corder controller is adjusted by the signal from sensor 
27 for an increased discharge acid flow rate. Controller 
28 provides a signal to valve 30 causing it to pass more 
discharge acid until the sensed flow rate in line 21 cor 
responds to the target flow rate determined by the set 
point position of controller 28. By increasing the flow 
rate of the discharge acid while maintaining the fresh 
acid flow rate, the acid level in acid settler 12 de 
creases. Conversely, when the acid in level settler 2 is 
low, sensor 27 and controller 28 control valve 30 to de 
crease the discharge acid flow rate thereby increasing 
the acid level in acid settler 12. 
A water analyzer 35 senses the water content of the 

olefin and isoparaffin in line 6 and provides a corre 
sponding signal E. Analyzer 35 may be of the type 
manufactured by Panametrics Inc. as their part No. 
1000. Signal E is applied to control means 36 which 
also receives a signal E. corresponding to the flow rate 
of the olefin and isoparaffin in line 6 from a sensor 37. 
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Chromatograph means 40, which may be of the type 
manufactured by Bendix-Greenbriar Co. as their part 
No. C-1 18, provides signals E4 and Es. Signal E4 is a 
pulse signal whose pulses coincide with the peaks of 
signal Es which corresponds to the composition of the 
olefin and isoparaffin. Pulse signal E is applied to a 
programmer 41 which provides control pulses E 
through E to olefin signal means 44. Programmer 4: 
also receives a direct current voltage VA from a source 
45 of direct current voltages. 
Programmer 4, which is shown in detail in FIG. 2, 

includes a manually-operable switch 50 which controls 
the starting and the stopping of the control operation. 
When closed, switch 50 passes direct current voltage 
VA to an AND gate 51 which enables AND gate 5: 
along with a high level direct current output from a 
logic decoder 52. When open, switch 50 blocks voltage 
VA thereby disabling AND gate 51. AND gate 51 con 
trols the counting by a counter 55 of pulses in pulse sig 
nal Ea. AND gate 51 when enabled passes pulse signal 
E4 to counter 55 and blocks pulse signal E when dis 
abled. Counter 55 provides a plurality of outputs to de 
coder 52. Decoder 52 includes a plurality of AND gates 
receiving the outputs from counter 55, each AND gate 
providing an output when a particular count is reached 
so that decoder 52 provides a plurality of outputs cor 
responding to different counts in counter 55. 
When the number of pulses of pulse signal EA equals 

the number of peaks to be sampled and held, decoder 
52 provides a low level direct current output to AND 
gate 5: thereby disabling AND gate 51 to prevent fur 
ther counting by counter 55, until counter 55 is reset 
by a reset pulse Eo. 
A plurality of monostable multivibrators 57 provides 

pulse voltages EA through E. Each multivibrator of 
multivibrators 57 is triggered by a different output from 
decoder 56 to provide a pulse voltage which coincides 
with a different peak in signal Es. Pulse voltages EA and 
E are shown in FIGS. 3A and 3B, respectively. The 
breaks in FIGS. 3A, 3B signify a break in time during 
which pulse voltages E through Ei occur. The trailing 
edge of pulse voltage E. triggers a monostable multivi 
brator 60 to provide a pulse voltage E. The trailing 
edge of pulse voltage Ek triggers a monostable multivi 
brator 60A causing multivibrator 60A to provide a 
pulse voltage E. Pulse voltage Etriggers multivibrator 
60B which operates as a time delay to provide a pulse 
to multivibrator 60C. The width of the pulse from mul 
tivibrator 60B is such as to allow sufficient time for the 
operation of the analog computers. Multivibrator 60C 
provides reset pulse Elo which resets counter 55 so that 
the control operation may be recycled again. 
Referring to FIG. 4, there is shown in detail, olefin 

signal means 44 providing a signal E, which corre 
sponds to the percent volume of acid consuming con 
stituents in the olefin, to control means 36. Signal Es 
from chromatograph means 40 is applied to sample and 
hold circuits 63 through 63. Pulses EA through E from 
programmer 41 control sample and hold circuits 63 
through 63, respectively, to hold different peaks of sig 
nal Es. 
The following Table relates a particular sample and 

hold circuit to a corresponding constituent. 

Circuit Constituent Circuit Constituent 
63 Ethane 63E Norma Pentane 
63A Propane 63F Propylene 
53B Iso-Butane 63G Butylene 
63C Normal Butane 63H Pentylene 
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4 
63D 63 Iso-Pentane All compounds with 

six or more carbon 
atos 

The outputs from sample and hold circuits 63 through 
63 are applied to multipliers 64 through 64I, respec 
tively, where they are multiplied with direct current 
voltages Vs through Vic which correspond to various 
chromatograph means 40 scaling factors pertaining to 
the particular constituents. By way of example, volt 
ages V through V may correspond to 0.02, 0.2, 1.0, 
0.2, 0.15, 0.02, 0.2, 0.1, 0.02 and 0.1 volts, respec 
tively. 
Sample and hold circuits 65 through 65 are con 

trolled by pulse Ek from programmer 4 to sample and 
hold the outputs from multipliers 64 through 64I. Sum 
ming means 69 sums all of the outputs from sample and 
hold circuits 65 through 65 to provide a signal to divid 
ers 70 through 70C. Dividers 70 through 70C also re 
ceive the outputs from sample and hold circuits 65F 
through 65, respectively and divide those outputs by 
the signal from summing means 69 to effectively nor 
malize the outputs corresponding to the acid degrading 
constituents of the olefin. The signals from dividers 70 
through 70C are sample and held by sample and hold 
circuits 71 through 71C, respectively, in response to 
pulse E from programmer 41. The outputs from sam 
ple and hold circuits 71 through 71C are multiplied 
with direct current voltages V through Vo which cor 
respond to ratios of pounds of acid consumed per gal 
lon of olefin for the acid consuming constituents, by 
multipliers 75 through 75C, respectively. Summing 
means 76 sums the outputs of multipliers 75 through 
75C to provide signal E to control means 36. 
Control means 36 as shown in detail in FIG. S devel 

ops a control signal Ezo which is used to control the 
fresh acid entering the alkylation unit. Control Eo 
subtracted from a direct current voltage VP provided 
by source 43, which corresponds to a predetermined 
target acid strength, by subtracting means 79. Subtract 
ing means 79 provides an error signal E to a conven 
tional type flow recorder controller 80 which receives 
a signal Eza from a sensor 81 in line 17. Signal Eo 
adjusts the set points of controller 80. Signal Ea 
corresponds to the flow rate of the fresh acid entering 
the alkylation unit. Controller 80 controls a valve 83 to 
regulate the fresh acid flow rate in accordance with the 
difference between the sensed flow rate signal Ea and 
the desired flow rate as determined by the set points 
positions. Control means 36 develops signal Eo in ac 
cordance with signals E, E, E, and Ea, direct current 
voltages V16 through V, V, through Va and Va and 
the following equations: 

. T F. A= to-(R,+P.+R,+ ) A+R.B'd O ps Vs 

2. T F. B={R.A-(R,+) bal 
3. T F. C={RA-(-)cal 
4. T F. M = a +ya-()Md. 
5. Wt. 9, acid 

100 

=1.0-(W, M +WAA+ W. B+WeC), and 
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6. 1. WMMWAAWBB 
pm OA B 

T WoCl (FF-F.)d pC ps 0 

where A, B, C are quantities of three compounds oc 
curring within contactor 4, i.e. the first compound re 
sults from an ultimate reaction of the olefin with the 
isoparaffin to form an alkylate, the second compound 
is an acid contaminate which is formed from a revers 
ible reaction with the first compound, and the third 
compound is an acid contaminate resulting from an ir 
reversible reaction with the first compound. The sec 
ond and third compounds remaining in the acid in line 
16, respectively, M is the water in the acid phase and 
the olefin and isobutane in line 6; R, R2, Ra and R4 are 
reaction rates constants which are predetermined from 
a laboratory analysis of the reaction of the olefin with 
the isobutane in the presence of the acid. A math 
model is shown in FIG. 6 from which equations 1 
through 6 were obtained; V and V are the initial vol 
ume and the present volume, respectively, of acid 
phase in c.c.; As PA, PB, PC and p are the densities of 
the acid in the contactor 4, the three compounds and 
water, respectively; WA, WB, WC and W are the mo 
lecular weight of the three compounds and water, re 
spectively, F corresponds to the fresh acid flow rate 
and F corresponds to the discharge acid flow rate. Val 
ues for WA, WB, WC, W., ps, pa, pp., pc and put may be 
predetermined from laboratory analysis of the olefin, 
the isobutane and the acid, while the density p and the 
molecular weight War of the water are known. 
Referring to FIG. 5, variable resistors 87, 88 reduce 

signal E23 to provide signals E2, E2s which correspond 
to the terms F and y, respectively, in the aforemen 
tioned equations, having units of grams/sec and moles 
of water in the fresh acid per second. Signal Ea is condi 
tioned by a variable resistor 89 to provide a signal Ecs, 
which corresponds to the term F, in equation 6 having 
units of gms/sec. 
A V computer 90 receives signals E24, Ees from resis 

tors 87 and 89, respectively, control pulses Eat from a 
pulse generator 91, direct current voltages Vis through 
V, from source 43, and signals E2, Eas, Ezo and Eao. 
The development of signals E2, Eas, Ees and Eso which 
correspond to the M, A, B and C terms in the afore 
mentioned equation, will be hereinafter disclosed. Mul 
tivibrator 94 is triggered by the trailing edge of each 
control pulse Ea to provide a pulse Eso so that a pulse 
Ea immediately precedes each pulse Eao. Computer 90 
provides a signal E. corresponding to the present vol 
ume V of the acid phase in accordance with the re 
ceived signals and voltages, and equation 6. Referring 
to FIGS. 5 and 7, voltages Vs through Vie are multi 
plied with signals E through Eao, respectively by multi 
pliers 95 through 95C, respectively. Voltages Vis, V7, 
V and V correspond to the predetermined ratios of 
molecular weight to density Wa?p, WAApa, Wa?ps and 
We/pc of the three compounds and the water in the acid 
phase, respectively; while signals E2, Eas, Eag and Eao 
correspond to the terms M, A, B and C, respectively. 
Subtracting means 96 subtracts signal Eze from signal 
E. to provide an output, corresponding to the term 
(FF-F) in equation 6, to an integrator 100. 
A sample and hold circuit 101 samples and holds the 

output of integrator 100 just prior to pulse Eao. Pulses 
E. control integrator 100 causing integrator 100 out 
put to go to zero when a timing pulse Eso occurs. The 
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output from sample and hold circuit 101 corresponds 
to the integral 

T J. (FF-F.) 
. A multiplier 102 multiplies the output from sample 
and hold circuit 10 with voltage Vzo, which corre 
sponds to the reciprocal 1/p of the density of the acid 
to provide an output corresponding to the term 

(FF-F.) Os 

in equation 6. Summing means 103 sums the outputs 
from multipliers 95 through 95C and 101 with voltage 
V, which corresponds to the initial volume Vo, to 
provide signal E2. 

Referring again to FIG. 5, a multiplier 108 multiplies 
voltage V from source 43 with signal Es from resistor 
89 to provide a signal corresponding to F/PV in the 
aforementioned equations. Signals E, and E2 are multi 
plied together by a multiplier 110 whose output is re 
duced by a variable resistor 114 to provide a signal Eas 
corresponding to the term oo in equation . Resistor 
14 is used so as to conform units of measurement, the 

term ao is in gms/sec. 
An A computer 115 provides signal E2s in accor 

dance with signals E29, E81, Ess, and Eao direct current 
voltages V through V, from source 43 and equation 
1. Referring now to FIG. 5 and 8 voltages V4 through 
V, which correspond to the terms R, R2 and Ra, re 
spectively, are summed along with signal E84 by Sum 
ming means 116 to provide a signal corresponding to 
the quantity (R, +R, +R, + F/p,V, ). A multiplier 118 
multiplies the output from summing means lió with 
signal Es, which corresponds to the term A. Another 
multiplier 119 multiplies direct current voltage V2, 
which corresponds to the term Ra, with signal E29, 
which corresponds to the term B, to provide a signal 
which is summed with signal Easby summing means 
120. Subtracting means 124 subtracts the output pro 
vided by multiplier 118 from the output provided by 
summing means 120. The output from subtracting 
means 124 is operated upon by an integrator 125 and 
a sample and hold circuit 126 receiving pulses receiv 
ing pulses Eao and Ea, respectively, to provide signal 
E which is also fed back to multiplier 118. 
Referring to FIGS. 5 and 9, signal E9, which corre 

sponds to the term B, is provided by a B computer 130 
in accordance with direct current voltages V2s and V2, 
signals Es and Esa and equation 2. Signal Eaa is summed 
with direct current voltage V, which corresponds to 
the term Ra, by summing means 131 to provide a signal 
corresponding to Ra -- Fs/pV, which is multiplied with 
signal Es by a multiplier i32. Another multiplier 133 
multiplies signal E28 with voltage Vas to provide an out 
put corresponding to the term R.A. Subtracting means 
38 subtracts the output provided by multiplier 132 
from the output provided by multiplier 133. An inte 
grator 139 and a sample and hold circuit 140, receiving 
pulses Eo and Ea, respectively, operates on the output 
from subtracting means 138 to provide signal E which 
is also fed back to multiplier 32. 

Signal Eso which corresponds to the term C in the 
aforementioned equations, is provided by a C com 
puter 140 in accordance with signals Es and Ea and 
direct current voltage Vs. Referring to FIGS. 5 and 10, 
signal Es is multiplied with voltage V2s by a multiplier 
144 to provide a signal corresponding to the term R.A. 
Another multiplier 45 multiplies signal E with signal 
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Eso to provide an output corresponding to the term 
(F/p V) O. Subtracting means 48 subtracts the output 
provided by multiplier 145 from the output provided by 
multiplier 44. An integrator 50 and a sample and 
hold circuit 5i, receiving pulses Eo and Eat, respec 
tively, operates on the output from subtracting means 
2.48 to provide signal Eo which is also fedback to multi 
plier A45. 

Referring back to FIG. 5, a multiplier 151 multiplies 
signals E1, E2 together and the resulting output is re 
duced by variable resistor i52 to provide a signal Eas 
corresponding to the term on. 

Signai E2 is provided by an M computer 155 in ac 
cordance with signals E2s, Eaa and Eas and equation 4. 
Referring now to FEG. Ail, summing means 160 sums 
signais E.2s and Ess to provide an output corresponding 
to the term anyn. Signal Eaa is multiplied with signal E2. 
by a multiplier 16 to provide an output corresponding 
to the term (F/pV.) M. Subtracting means 162 sub 
tracts the output provided by multiplier 161 from the 
output provided by summing means 60 to provide a 
signal which is operated on by an integrator 65 and a 
sample and hold circuit A66, receiving pulses Eo and 
Ea, respectively, to provide signal Eao. Signal Eso is also 
fed back to multiplier A61. 

Referring back to FIG. 5, signals E2, Eas, E29 and Eao 
from computers 15, 130, 40 and A55, respectively, 
are multiplied with direct current voltages V2s through 
Va., respectively, by multipliers 170 through 170C. 
Voltages V2s through Val correspond to the predeter 
mined molecular weights of water and the first, second 
and third compounds, respectively. Summing means 
171 sums the outputs of multipliers 70 through 170C. 
Direct current voltage Vs which corresponds to the 
term 1 in equation 5 is divided by signal E3 by a divider 
173. The output from divider 173 is multiplied with 
voltage V by a multiplier 174 to provide an output 
corresponding to the term 1/p V. Another multiplier 
176 multiplies the same signal from summing means 
171 with the signal from multiplier 174 and the result 
ing output is subtracted from voltage Vs by subtracting 
means 177 to provide control signal Ezo. 
A digital computer may be used instead of control 

means 36, programmer 41 and olefin signal means 44. 
Signals E1, E2, E3, Es and E.2s are converted to digital 
signals by conventional type analog-to-digital convert 
ers and the digital signals are applied to the digital com 
puter. The digital computer provides a digital control 
signal in accordance with the aforementioned equa 
tions. The digital control signal is then converted to an 
alog signal E20 by a conventional type digital-to-analog 
converter. 
The system of the present invention as heretofore de 

scribed controls the strength of acid in an alkylation 
unit by determining the demand that will be made on 
the acid during the alkylation process. The alkylation 
process reacts an olefin with an isoparaffin in the pres 
ence of acid. The composition of the olefin is sensed 
and the quantity of acid consuming constituent of the 
olefin is determined from the sensed composition of the 
olefin. 
What is claimed is: 
1. A system for controlling the strength of an acid in 

an alkylation unit wherein an isoparaffin is reacted with 
olefin in the presence of the acid to provide an acid 
hydrocarbon mixture to a settler where the hydrocar 
bon is separated from the acid to provide a hydrocar 
bon product and a portion of the acid is recycled while 
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the remaining acid is discharged from the alkylation 
unit, wherein fresh acid is added to the recycle acid to 
affect the strength of the acid and wherein the reaction 
of the olefin with the isoparaffin in the presence of the 
acid results in a first compound being formed from the 
olefin and isoparaffin in the acid phase and immedi 
ately leaving the acid phase after formation, a second 
compound being formed in the acid phase from the first 
compound and which may return to the first com 
pound, and a third compound in the acid phase formed 
from the first compound and which cannot return to 
the first compound, comprising means for controlling 
the strength of the acid in accordance with a control 
signal, means for sensing the water content of the olefin 
and the isoparaffin and providing a signal correspond 
ing thereto, means for determining the composition of 
the olefin and providing a corresponding composition 
signal, means for sensing the flow rate of the olefin and 
providing a signal corresponding thereto, means for 
sensing the flow rates of the fresh acid and the dis 
charged acid and providing signals corresponding 
thereto, said control signal means includes a first cir 
cuit connected to the olefin and isoparaffin flow rate 
sensor and to the composition signal means provides a 
signal corresponding to the quantity at of acid consum 
ing constituents contacting the acid; a second circuit 
connected to the analyzer and to the olefin and isopar 
affin flow rate sensing means provides a signal corre 
sponding to the quantity on of water in the olefin and 
isoparaffin contacting the acid; means connected to the 
fresh acid flow rate sensing means for providing a signal 
corresponding to the quantity y of water in the fresh 
acid entering the alkylation unit; means for providing 
direct current voltages corresponding to the reaction 
rates R, R2, Ra and R4 between the olefin, the isoparaf 
fin, the acid, the first, second and third compounds, to 
the initial volume V of acid in the alkylation unit, to 
the molecular weights WA, WB and We of the first, sec 
ond and third compounds, respectively, to the molecu 
lar weight War of water, to the densities pa, p and po 
of the first, second and third compounds, respectively, 
to the densities p, and p of the acid and of water, re 
spectively, and to a unit value 1; first analog computing 
means for providing signals corresponding to the quan 
tities A, B and C of the first, second and third com 
pounds, respectively, and to the quantity M of water in 
accordance with the ao, on and y signals and the dis 
charged acid flow rate and the following equations: 

A={a,-(R,+R,+R,+, O pV. 

ps V, 

WMMWAA WB - WoC AM pA -- -- PB pC 
(T t J. (FF - F) dt 

c di. 

M} dt 
and 

V. -- V-- 

where T is a predetermined time, and an analog com 
puting circuit receiving some of the direct current volt 
ages and the signals from the last mentioned computing 
means for providing a signal corresponding to the 
weight of the acid as the control signal in accordance 
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with the following equation: 
Wt. 7% acid/100 = 1.0 - (WM-- WA -- WB -- WC) 

(l/ps V). 
2. A system as described in claim 1 in which the de 

termining means includes chromatograph means peri 
odically sampling the olefin and isoparaffin for provid 
ing a first signal, whose amplitude peaks correspond to 
different constituents of the olefin and isoparaffin, and 
a pulse signal, each pulse in the pulse signal coincides 
with a different peak of the signal from the chromato 
graph means, program means connected to the chro 
matograph means and responsive to the pulse signal for 
providing control pulses, and means connected to the 
chromatograph means, to the control signal means and 
to the program means and controlled by the control 
pulses, for providing a signal which corresponds to the 
portion of the olefin that is acid consuming as the com 
position signal in accordance with the first signal from 
the chromatograph means. 

3. A method for controlling the strength of an acid in 
an alkylation processing unit wherein an isoparaffin is 
reacted with olefin in the presence of the acid to pro 
vide an acid-hydrocarbon mixture to a settler where the 
hydrocarbon is separated from the acid to provide a hy 
drocarbon product and a portion of the acid is recycled 
while the remaining acid is discharged from the alkyl 
ation unit, wherein fresh acid is added to the recycle 
acid to affect the strength of the acid and wherein the 
reaction of olefin with isoparaffin in the presence of 
acid results in the first compound being formed from 
the olefin and isoparaffin in the acid phase and which 
leaves the acid phase upon formation, a second com 
pound in the acid phase being formed from the first 
compound and which may return to the first com 
pound, and a third compound in the acid phase formed 
from the first compound and which cannot return to 
the first compound, which comprises determining the 
composition of the olefin; sensing the flow rates of the 
olefin and isoparaffin, the fresh acid and the discharge 
acid; providing a signal corresponding to the quantity 
a of acid consuming constituents contacting the acid 
in accordance with the sensed olefin and isoparaffin 
flow rate and with the determination of the olefin com 
position; providing a signal corresponding to the quan 
tity an of water in the olefin and isoparaffin contacting 
the acid, providing a signal corresponding to the quan 
tity y of water in the fresh acid entering the alkylation 
unit; providing direct current voltages corresponding to 
the reaction rates R, R2, R3 and R4 between the olefin, 
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the isoparaffin, the acid, the first, second and third 
compounds, to the initial volume V of acid in the al 
kylation unit, to the molecular weights WA, WB and We 
of the first, second and third compounds, respectively, 
to the molecular weight W of water, to the densities 
pa, p and pc of the first, second and third compounds, 
respectively, the densities p and pay of acid and water, 
respectively, and to a unit value l; providing signals 
corresponding to the quantities A, B and C of the first, 
second and third compounds, respectively, formed dur 
ing the reaction and to the quantity M of water in ac 
cordance with the ovo, on and yin signals and the dis 
charged acid flow rate and the following equations: 

A= {-(R,+R,+R,+ )A+R. Bal O Ps/ s. 

T F. B-. {R-4-(R,+) bal 
C-?". RA-( -Yc =J. { 4. -(...) al 

T F 

M = (a + -( s )Mal O ps Vs 
and 

v.-vi. WMMWAAWBBW cc 
OM PA ps OC 

(T +. (FF-F)dt Ps JC 

where T is a predetermined time and providing a signal 
corresponding to the weight of the acid as the control 
signal in accordance with 1.0, W, WA, WB and 
voltages, the A, B, C, M and V signals and the follow 
ing equation: 
Wt.% acid/100 = 1.0 - (WM -- WA -- WB + WC) 

(1/p V). 
4. A method as described in claim 3 in which the de 

termination step includes sampling the olefin and iso 
paraffin; providing a signal, whose amplitude peaks 
correspond to different constituents of the olefin and 
isoparaffin; providing control pulses, each control 
pulse coinciding with a different peak of the last men 
tioned provided signal, and providing a signal which 
corresponds to the portion of the olefin that is acid con 
suming as the composition signal in accordance with 
the last mentioned provided signal. 

ck ck sk sk sk 


