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(54) SYSTEMATIZED METHOD AND CONTROL
OF FRACTIONAL HEAT BALANCE

(71) We, UOP Inc., a corporation orga-
nized under the laws of the State of Dela-
ware, United States of America, of Ten
UOP Plaza, Algonquin & Mt. Prospect
Roads, Des Plaines, Illinois, United States
of America, do hereby declare the inven-
tion, for which we pray that a Patent may be
granted to us, and the method by which it is
to be performed, to be particularly de-
scribed in and by the following Statement:-

This invention relates to a control system
and method for maintaining the heat ba-
lance of a fractionation column functioning
to separate a mixed-component feed
stream. The invention is especially applic-
able in those situations where the intended
product stream is characterized as a substan-
tially-pure component -- e.g., the overhead
recovery of benzene from a mixture thereof
with other aromatic hydrocarbons. The frac-
tionation column must be maintained in
heat balance in order to obtain the specified
product composition, whether a bottoms
product, overhead product, side-cut pro-
duct, or where both bottoms and overhead
product compositions are specified. For
example, in recovering benzene from a
mixture thereof with toluene and the va-
rious xylenes, proper heat balance control
will result in a substantially-pure overhead
benzene stream and, simultaneously,
minimal benzene in the net liquid bottoms
product.

In the present specification, as well as the
appended claims, the use of the term ‘“‘frac-
tionation column” synonymously alludes to
“rerun column’’, “distillation column”,
“stripping column”, etc. In the more com-
mon separation-via-fractionation technique,
a mixed, or multi-component feed stream is
introduced intermediate the ends of the
column, and generally at about its mid-
point. Fractionation columns are vertically-
disposed cylindrical chambers having a plu-
rality of spaced-apart trays or decks which

provide the necessary intimate mixing of
countercurrently-flowing liquid and vapors.
Heat is supplied to the column through the
use of a reboiler heater, or heat-exchanger
communicating with a lower reboiler sec-
tion. The reboiler section contains an inven-
tory of liquid bottoms material, generally
maintained by way of suitable liquid-level
control, and a portion thereof is withdrawn,
partially vaporized in the reboiler heater,
and returned to the column generally at a
point just below the lowermost tray. Reflux
is supplied to the column by condensing an
overhead product stream and returning a
portion thereof through a locus above the
uppermost tray, or deck. These two
streams, the reflux and reboild bottoms
liquid, constitute the two major factors
considered in the heat balance of the col-
umn, the remainder being the feed stream
introduced and the product streams leaving
the column.

Although understood by those skilled in
the art of separation by way of fractiona-
tion, the definition of several additional
terms is believed to be warranted. The
“reboiler section” of a distillation column is
that portion below the lowermost tray,
while” the “fractionation section” is that
portion of the column above the lowermost
tray. The “stripping section” includes those
trays between the lowermost tray and the
locus of feed introduction, while the ‘‘recti-
fication section” refers to those trays above
the locus of feed introduction. Also, the
terms “heat-input” and ‘heat-input con-
tent” of a given stream, allude to enthalpy
and are intended to connote the quantity of
energy, per unit of time, introduced into or
removed from the column by a given
stream, whether returned to the column at a
lower temperature (reflux), or at a higher
temperature (partially vaporized reboiled
liquid). For example, considering the feed
stream, at a given composition and tempera-
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ture, it will have a given enthalpy expressed
as BTU/1b. Depending upon its flow rate,
expressed as 1b./hr., it will supply a given
heat-input to the column expressed as BTU/
hr. Any change in temperature, flow rate or
composition will change the enthalpy there-
of. Likewise, a change in the flow rate of the
reflux stream will affect its contribution of
enthalpy. With respect to the reboiled liquid
bottoms, its enthalpy contribution may be
varied via its flow rate, or the flow rate of
the heat-exchange medium employed to
partially vaporize it. Although many vari-
ables, relevant to the feed stream, reflux
stream, returned vaporized bottoms liquid
and recovered product streams, have an
effect upon the thermal balance of the
column, perhaps the most pronounced is the
effect of the heat-input by way of the
reboiler section. This particular source of
enthalpy takes two forms: (i) the increased
sensible heat of the liquid returned to the
reboiler section and, (ii) the latent heat of
vaporization contained in the vapors gener-
ated in the reboiler heater. Since the latter
constitutes the source of greatest quantity of
heat-input, it must necessarily be subject to
control and/or regulation. Furthermore,
since overall separation efficiency is largely
dependent upon heat-input to the reboiler
section and the flow rate of reflux to the
rectification section, any thermal balance
control system and method must take into
account those loci within the fractionation
column where the effect of varied reboiler
section heat-input and reflux rates are most
pronounced and immediate. The present
invention directs itself to such a control
system and method., while simultaneously
considering the pressure drop effect as
determined by the number of trays between
the two pairs of vertically-spaced tempera-
ture-sensing points below the feed locus, the
signals from which are ultimately utilized to
regulate the heat-input to the reboiler sec-
tion of the column.

The present invention is utilized to main-
tain a specified composition, or a composi-
tion characteristic of a product stream with-
drawn from one end of a distillation column,
whether the desired product constitutes the
overhead stream, the bottoms liquid or
both. Distillation techniques are extensively
employed throughout the petroleum and
petrochemical industries for the separation
and recovery of select fractions of the
charge stock, or of substantially pure com-
pounds, and the adaptability thereto of the
present control system and distillation
method will be recognized by those having
the requisite skill in the appropriate art.

The invention seeks to provide an effi-
cient method for fractionating a feed stream
having mixed components under conditions
in which the fractionation column is main-

tained in thermal balance, preferably with
enhanced separation efficiency.

The invention relies upon sensing six
temperatures at selected points throughout
the height of the column. The six tempera-
tures are segregated into three specific
pairs, each of which is employed to measure
a temperature differential (delta-T) be-
tween two vertically-spaced points. The first
pair of temperature sensing means are
vertically-spaced below the feed locus (or
feed tray) and preferably both are proxi-
mate thereto; a signal representative of the
delta-T between these points is generated.
A second pair of temperature sensors are
vertically-spaced below the locus of feed
introduction and conveniently one of these
sensors is proximate to the feed locus while
the other is proximate to the locus through
which the partially vaporized liquid bottoms
material is returned to the reboiler section
of the column, and a signal representative of
the delta-T between these two remote
points is also generated. A selected one of
these first and second signals is operated
upon in a manner hereafter to be described
to generate a third signal. A computed
relationship of this third signal and the
signal representing the non-selected delta-T
is obtained, and another signal is utilized to
regulate the enthalpy, or heat-input of the
reboiler bottom liquid portion which is
partially vaporized and returned to the
reboiler section. The third pair of tempera-
ture sensors is vertically-spaced above the
feed locus, and preferably both are proxi-
mate to the locus through which the reflux is
returned to the rectification section. A
signal representing this delta-T is utilized to
regulate the flow rate of the reflux stream.

One aspect of the invention relates to a
control system intended for utilization in a
fractionation column containing a plurality
of spaced-apart trays or decks, and wherein
(1) a feed stream 1is introduced through a
locus intermediate the top and bottom
thereof; (ii) liquid bottoms material is reco-
vered from the lower end of said column,
and at least a portion thereof partially
vaporized and returned to the reboiler
section; and (iii) overhead material is reco-
vered from the upper end of said column,
condensed and at least a portion thereof
returned to the rectification section as a
reflux stream, which control system com-
prises, in cooperative combination: (a) a
first pair of vertically-spaced temperature
sensors below said feed locus and separated
by a first plurality of trays, and a first
differential-temperature (delta-T) measur-
ing device communicating with said first pair
of temperature sensors; (b) a second pair of
vertically-spaced temperature sensors below
said feed locus and separated by a second
plurality of trays which second plurality is
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greater than said first plurality, and a second
differential-temperature (delta-T) measur-
ing device communicating with said second
pair of temperature sensors; (c) first dif-
ferential-temperature (delta-T) computing
means communicating with one of said first
and second delta-T measuring devices to
determine a first differential communicating
output, said output being a function of the
ratio of said second and said first pluralities
(d) second differential-temperature (delta-
T) computing means communicating with
said first computing means and the one of
said first and second delta-T measuring
devices not in communication with said first
computing means, and, co-acting with first
control means for regulating the degree of
vaporization of said liquid bottoms material
returned to the reboiler section; (e) a third
pair of vertically-spaced temperature sen-
sors above said feed locus; and, (f) a third
differential-temperature (delta-T) measur-
ing device communicating with said third
pair of temperature sensors and co-acting
with second control means for directly or
indirectly regulating the quantity of reflux
returned to said rectification section.
With respect to the techniques employed
in recovering an overhead product stream
from, and introducing reflux to the rectifica-
tion section of a distillation column, the
invention can be adapted as hereinbelow
stated. First, a single vaporous overhead
stream is recovered, condensed and intro-
duced into a receiver from which the reflux
portion is removed on flow control, the
remainder being withdrawn as the net over-
head product by way of liquid-level control
within the overhead receiver. Conversely,
the net overhead product may be recovered
on flow control, with the remainder being
withdrawn as the reflux portion in response
to liquid-level control. Another technique
involves withdrawing the overhead product
as a liquid from a tray below the reflux
return locus on flow control. The vaporous
overhead stream is condensed, introduced
into the receiver and refluxed in response to
control of the liquid level therein.
Another aspect of the invention relates to
a method for controlling a fractionation
column, wherein (i) a feed stream is intro-
duced through a locus intermediate the top
and bottom thereof; (ii) liquid bottoms
material is recovered from the lower end of
said column, and at least a portion thereof is
partially vaporized and returned to the
reboiler section; and, (iii) vaporous over-
head material is recovered from the upper
end of said column, condensed and at least a
portion thereof returned to the rectification
section as a reflux stream, which method
comprises the steps of: (a) sensing a first
temperature differential (delta-T) between
two vertically-spaced temperature sensing

points below said feed locus, separated by a
plurality of trays, measuring the resulting
first delta-T and generating a first signal
representative thereof; (b) independently
sensing a second temperature differential
(delta-T) between two vertically-spaced
temperature sensing points below said feed
locus, separated by a greater plurality of
trays, measuring the resulting second delta-
T and generating a second signal representa-
tive thereof; (c) multiplying a selected one
of said first and second delta-T signals by a
multiplier representing the ratio of the
number of trays between the sensors sup-
plying the non-selected delta-T signal to the
number of trays between the sensors sup-
plying said selected delta-T signal, and
generating a third signal representing the
resulting product; (d) obtaining a computed
relationship of said third signal and said
non-selected signal, and generating a fourth
signal representative of the resulting com-
puted relationship; (¢) regulating the degree
to which said liquid bottoms material is
vaporized in response to said fourth signal;
gf) sensing a third temperature differential
delta-T) between two vertically-spaced
temperature sensing points above said feed
locus, measuring the resulting third delta-T
and generating a fifth signal representative
thereof; and, (g) regulating the quantity of
said returned reflux stream responsive to
said fifth signal.

PRIOR ART

Temperature control at some point within
a distillation column, to maintain the pro-
duce composition at that point, in conjunc-
tion with the regulation of the enthalpy of a
stream introduced into the column, must be
acknowledged as old in the art of separation
via distillation. Generally, either the flow
rate of the reflux stream, or the enthalpy of
the partially vaporized bottoms material is
regulated. The enthalpy of the feed stream
is seldom subject to direct control. Similar-
ly, it must be recognized that the published
literature is replete with a myriad of techni-
ques designed to afford some measure of
control over some aspect of product separa-
tion in a fractionation zone. In view of the
voluminous nature thereof, no attempt will
be made herein to delineate exhaustively
the appropriate prior art; a few typical
illustrations will suffice. One prior art tech-
nique, now since improved upon, involves
instituting an energy balance around the
reboiler heater; a similar scheme computes
the energy balance around the reboiler
section of the column. While affording a
measure of control, both techniques entail
many measurements accompanied by a
complex energy balance, and nonetheless
are comparatively imprecise. Other techni-
ques involve controlling the flow of fuel
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medium to the reboiler heater in response
either to the temperature of the heated
material returned to the reboiler section, or
to the rate of mixed-phase flow.

Another prior art technique involves tem-
perature measurement and control at the
point from which the desired product stream
is withdrawn, accompanied by regulation of
either the heat-input at that point, or at
some remote point. To illustrate, if the
overhead product is specified as to some
composition characteristic, the temperature
at some proximate point is sensed and
controlled either by regulating the heat-
input to the reboiler section, or by adjusting
the quantity of reflux to the rectification
zone of the column.

Such basic techniques have since been
improved upon as illustrated, for example,
by the double differential-temperature con-
trol sytem found in U. S. Patent No.
2,580,651. Here the overhead product com-
position is specified and the temperature
gradient within the column is monitored
around the feed locus. A first delta-T is
measured by two vertically-spaced tempera-
ture sensors above the feed locus, both of
which are proximate thereto. A second
delta-T is measured through the use of two
vertically-spaced temperature sensors below
the feed locus, both of which are also
proximate thereto. Appropriate signals are
transmitted to computing (summing) means
which develops a signal representing the
difference between the two delta-T’s. This
last signal is employed to adjust the heat-
input to the reboiler section. Also disclosed
is the fact that the reboiler section heat-
input could be pre-set and the signal from
the summing means employed to control the
quantity of reflux to the rectification zone.

In U. S. Patent No. 2,684,326, a similar
technique is disclosed, wherein two delta-
T’s are measured, one above and one below
the feed locus. Again, all four temperature
sensors are located proximate to the feed
locus and are employed to control the heat
distribution at both ends of the column. In
one embodiment, the double differential-
temperature signal controls the reflux rate,
while a single differential-temperature sig-
nal (from below the feed locus) controls the
reboiler section heat-input. Alternatively,
the single differential-temperature signal
(from above the feed locus) regulates the
reflux rate, whereas the double differential-
temperature signal adjusts the heat-input to
the reboiler section.

More recently, U. S. Patent No.
3,464,895, describes a differential-
temperature control technique founded
upon sensing six temperatures within the
fractionation column. The specified product
is an overhead stream, and one pair of
vertically-spaced temperature sensors mea-

sures the differential temperature within the
rectification zone, between two points, one
of which is immediately below the locus
through which the reflux is returned, and
the second of which is about five trays below
the reflux locus. The signal representing the
resulting temperature differential is utilized
in adjusting the quantity of reflux returned
to the column from the overhead receiver.
All of the remaining four temperature sen-
sors are situated below the feed tray, and
are ultimately used to provide a signal which
regulates the heat-input to the reboiler
section. In accordance with the disclosed
technique, the feed locus is immediately
above tray number 24 (out of 48 which are
disposed in the column), and one pair of
sensors is located at tray number 25 and at
tray number 28, providing a first delta-T;
the second pair of temperature sensors are
situated at tray number 25 and at tray
number 40, and provide a second delta-T
which, in effect, brackets the first delta-T.
The appropriate signals are transmitted to a
computing relay which develops a signal
representative of the quotient of the first
delta-T divided by the second delta-T. It is
this signal which is employed to adjust the
heat-input to the reboiler section of the
column. The present invention expands
upon this particular technique and affords a
significant improvement therein.

None of these illustrated prior art
schemes recognize the essence of the pre-
sent invention wherein the pressure drop
effect, determined by the number of trays
between the two pairs of vertically-spaced
temperature sensors below the feed locus, is
considered in generating the signal regulat-
ing the heat-input to the reboiler section. In
accordance with the method of the present
invention, a selected one of the two signals
representing the two temperature differen-
tials obtained below the feed locus is trans-
mitted to a multiplying means wherein it is
acted upon by a multiplier, and a signal
representative of the resulting product is
generated. The multiplier represents the
ratio of the number of trays between the
sensors supplying the non-selected delta-T
signal to the number of trays between the
sensors supplying the selected delta-T sig-
nal. A computed relationship of this third
signal and that signal representing the non-
selected delta-T is obtained, and another
signal representative thereof is utilized to
regulate the enthalpy, or heat-input of the
reboiler bottoms liquid portion which is
partially vaporized and returned to the
reboiler section.

GENERAL DESCRIPTION OF INVEN-
TION

The principle that the temperature of a

boiling mixture, at constant pressure, is a
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direct function of its composition underlies
control systems intended for use in distilla-
tion facilities. In basic form, a temperature
at a selected point in the distillation column
is controlled to maintain constant composi-
tion of the material at that point. Generally
the selected temperature control point is
located above the feed locus if it is desired
to maintain overhead product composition,
and below the feed locus if the specified
composition characteristic is directed to-
ward the bottoms product. In certain cir-
cumstances, however, the selected locus of
the temperature control point inherently
gives rise to a tradeoff between the sensitiv-
ity of control and the response time of the
control system. For enhancement of control
sensitivity, the temperature control point
should be such that a relatively minor
variation in product composition corres-
ponds to a comparatively large temperature
change at the control point. Conversely, in
order to minimize the response time (lag
time) of the system, the temperature control

oint should be close to the locus of
immediate effect of the variable which is to
be regulated. For example, if the reflux flow
rate is to be adjusted by the temperature
controller, it is preferable to locate the
temperature sensing point in the upper
section of the column, whereas, if the
heat-input to the reboiler section is the
regulated variable, the temperature sensing
point should be a locus in the lower section
of the column. Certainly, the prior art
differential-temperature control systems,
hereinbefore acknowledged, have done
much to improve upon the basic techniques
outlined above, and have improved separa-
tion efficiency while improving the relation-
ship between response time and control
sensitivity. The control system and method
of the present invention offers additional
improvement with respect to sensitivity of
control and further improvement upon the
efficiency of separation. This results not
only from the selected locations for the
various temperature-sensing points, of
which there are six, resulting in three
delta-Ts, but also from considering the
effect of differing total pressure drop be-
tween the pairs of temperature-sensing
points, the signals from which are utilized to
regulate the heat-input to the reboiler sec-
tion.

As hereinbefore stated, there are two
major factors affecting the heat balance of a
fractionation column. These are the over-
head reflux and the partially vaporized
liquid bottoms material returned to the
reboiler section of the column. Of these, the
major heat source is the partially vaporized
bottoms material, generally considered as
the driving force behind the distillation
operation. In accordance with the present

method of maintaining a fractionation col-
umn and thermal balance, the heat-input, or
enthalpy of this stream is regulated by
sensing two temperature gradients, or dif-
ferential temperatures below the feed locus.
A first pair of temperature sensors is located
below the feed locus, and are vertically-
spaced with one or more trays therebe-
tween. Of the second pair of temperature
sensors, also both below the feed locus, one
is preferably proximate to the feed tray
while the second is preferably proximate to
the locus through which the partially vapo-
rized bottoms material is returned to the
reboiler section of the column, and thus
effectively brackets the first pair of tempera-
ture sensors.

Each pair of temperature sensors com-
municates with a delta-T measuring device,
and two signals, representing the two delta-
T’s are generated. A selected one of these
two signals is transmitted to a computing
means which multiplies the selected signal
by a multiplier. A third signal, representing
the resulting product, is generated and
transmitted to a second computing means
along with the non-selected signal, and a
computed relationship signal is generated.
Preferably, the computed relationship signal
represents a quotient in which the numer-
ator is the signal obtained across the lesser
number of trays. The multiplier employed is
the ratio of the number of trays between the
sensors supplying the non-selected signal to
the number of trays between the sensors
supplying the selected signal. The quotient-
representing signal is employed to regulate
the enthalpy of the reboiled liquid bottoms
material returned to the reboiler section of
the column.

To illustrate the foregoing, reference will
be made to U. S. Patent No. 3,464,895,
hereinbefore described. In that system (de-
lta-T) is obtained across three trays and
(delta-T), is measured across fifteen trays.
In the application of the present invention
to such an arrangement and assuming that
the multiplying means is communicating
with the (delta-T); measuring device, the
multiplier will be 15/3, or 5. Where the
multiplying means communicates with the
(delta-T), measuring device, the multiplier
will be 3/15, or 0.2. In the former instance,
the quotient relay will generate a signal
representing the value of (5) (delta-T),/
(delta-T),. while in the latter situation, the
signal represents the value of (delta-T),/
(0.2) (delta-T),. This technique minimizes
the effect of the pressure drop caused by
changing the vapor or liquid load in the
column. The numerator and denominator of
the control signal equation will have an
equal amount of change caused by pressure
drop across the trays.

In addition to considering the pressure
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drop effect as determined by the number of
trays between the two pairs of vertically-
spaced temperature sensors, this differen-
tial-temperature system reacts immediately
to the effect of a change in feed stream
enthalpy as well as any change in the liquid
material downwardly flowing from the recti-
fication section into the stripping section of
the column. Also, if one of the temperature
sensors is proximate to the locus through
which the vaporized bottoms material is
returned, the effect thereof, coupled with
the effect which the feed stream induces,

waould be immediately considered by the

delta-T system. The adjustment of heat-
input to the reboiler section is also virtually
immediate, as contrasted to the relatively
longer response time experienced if the
controlled adjustment is delayed until the
enthalpy change effect. occurring immedi-
ately below the feed tray exerts an influence
in, or proximate to the reboiler sectiomn.

The third pair of temperature sensors is
vertically-spaced above the feed locus, and
both are suitably proximate to- the locus
through which the reflux is returned to the
rectification section. A signal representing
the measured delta-T"is utilized to regulate
the flow rate of the reflux stream. As
hereinbefore stated, the present invention is
readily adaptable for integration with three
of the more common techniques for con-
ducting fractionation-type separations. Two
of these involve initially withdrawing a
single overhead vaporous streamy which is
condensed and introduced into an overhead
receiver. In one technique, the reflux there-
from to the rectification zone is on flow
control via the delta-T signal, while the
overhead product stream is recovered re-
sponsive to changes in the liquid level within
the receiver. The second technique is the
reverse; that is, the rate of product with-
drawal is regulated by the delta-T signal
which causes the receiver level to fluctuate
and thus affect the rate at which reflux is
returned. In the third system, the overhead
product stream is withdrawn as a liquid from
a tray below the reflux locus, the quantity
thereof being regulated responsive to the
delta-T flow control signal. Overhead
vapors are separately recovered, obviously
through a locus above the reflux, conde-
nsed, introduced into the overhead receiver
and returned as reflux in response to the
level of liquid in the receiver. In all three
techniques, the quantity of reflux is reg-
ulated, either directly, or indirectly when
the product withdrawal rate is regulated
directly.

BRIEF DESCRIPTION OF DRAWING

In further describing the present control
system and its method of operation, refer-
ence will be made to the accompanying

drawing. It is understood that the drawing is
presented. solely for illustration purposes,
and is not to be construed as limitig the
scope of the invention as defined by the
appended claims. Miscellaneous appurte-
nances, not required for a clear understand-
ing of the inventive concept, have been
eliminated,. or reduced. in number. Such
items are well within the purview of one
having the requisite skill in the appropriate
art. Presented in the drawing is a fractiona-
tion column 1 containing a plurality of
spaced-apart perforated trays 2, and having
a feed conduit 3, a bottoms product conduit
24, an overhead vaporous material conduit 8
and a reflux: return conduit 15.

DETAILED DESCRIPTION OF
DRAWING

Referring now to the drawing, the column
1 is shown as having a plurality of spaced-
apart trays, or decks 2. In this illustration,
the feed stream introduced through the
conduit 3 is a mixture of benzene, toluene
and the xylenes, with the intended separa-
tion being the recovery of a substantially
pure benzene overhead product while simul-
taneously recovering a bottoms. product
substantially benzene-free. The flow rate of
the feed stream in the conduit 3 is moni-
tored by a flow recorder controller (FRC) 4
which receives an indication of the flow rate
by way of metering means (orifice plate) 5
and conduit 6. The flow is compared to the
rate required by the automatically adjust-
able setpoint of the FRC 4 and an appropri-
ate signal is transmitted to a control valve 7,
the opening thereof being adjusted in re-
sponse thereto.

Vaparous overhead material is withdrawn
through the conduit 8, condensed and intro-
duced. thereby into an overhead receiver 9.
Lighter, non-condensable material is vented
by way of a line 10, and any water is
removed from a dipleg 11 by way of a
conduit 12. Condensed liquid overhead
material is withdrawn by way of a conduit 13
and a pump 14, and a portion thereof is
returned as reflux to the fractionator col-
umn 1 by way of the return conduit 15. The
reflux flow rate through the conduit 15 is
controlled by a flow recorder controller 16
which receives an indication of the actual
flow rate by way of an orifice plate 17 and a
conduit 18. The rate is compared to that
required by the automatically adjustable
setpoint of the FRC 16, an appropriate
signal is transmitted to a control valve 19
and the opening thereof is adjusted respon-
sively. A flow recorder controller (FRC) 20
monitors the rate of net overhead liquid
product in the conduit 13 through the use of
an orifice plate 21 and a conduit 22. The
actual rate is compared to that called for by
the adjustable setpoint of the FRC 20, and
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an appropriate signal is transmitted to a
control valve 23.

A portion of the liquid bottoms material
in the conduit 24 is diverted through a line
25 and introduced into a direct-fired heater,
or heat-exchanger 26, wherein it is partially
vaporized prior to being returned to the
distillation column 1 via a conduit 29. The
heat-exchange medium, which may be
steam, hot oil, or a hotter internal process
stream, is introduced by way of a line 27,
and exits from the heat-exchanger 26
through a line 28. The flow rate of the
heat-exchange medium is monitored by way
of an FRC 30 which receives an indication
thereof by way of an orifice plate 31 and a
conduit 32, and transmits an appropriate
signal to a control valve 33. The quantity of
net liquid bottoms product, being recovered
through the conduit 24, is determined by the
level of a liquid in the reboiler section of the
column 1 as sensed by a Liquid Indicating
Controller (LIC) 34; a signal is transmitted
via an instrument line 35 to adjust the
opening of a control valve 36.

Temperature sensors 37 and 38 are vertic-
ally-spaced above the feed tray and, in the
present illustration, both are proximate to
the locus through which the reflux stream is
returned to the column via the conduit 15.
The sensors 37 and 38 communicate, by way
of instrument lines 39 and 40 with a Dit-
ferential Temperature Recorder (dTR) 41,
which generates and transmits a differential-
temperature signal via a line 42 to the FRC
16. The adjustable setpoint of the latter is
re-set and an appropriate adjustment is
made in the opening of the control valve 19,
thereby regulating the rate of reflux return
through the conduit 15. Since the quantity
of reflux being returned through the conduit
15 influences the level of liquid within the
overhead receiver 9, a LIC 43 is employed
to sense the level changes and transmit a
signal via a line 44 to the FRC 20, whereby
the adjustable setpoint thereof is reset and
an appropriate adjustment made in the
opening of the control valve 23.

Enthalpy changes of the feed stream in
the conduit 3, whether resulting from varied
flow rate, temperature, composition or any
combination of these, induce changes in the
temperature gradient below the feed tray.
These effects are sensed by temperature
sensors 45, 46, 52 and 53, all of which are
located below the feed tray. The first two
sensors, 45 and 46, are both proximate to
the feed tray and are vertically spaced-apart
to sense the differential temperature, or
temperature gradient between loci subject
to the immediate effect of the feed stream
changes. These temperature sensors com-
municate, via instrument lines 47 and 48,
with a Differential Temperature Recorder
(dTR) 49 which measures the differential

temperature and generates a signal repre-
senting this delta-T.

The second two temperature sensors, 52
and 53, are also vertically-spaced below the
feed tray; as indicated in the drawing, the
sensor 52 is proximate to the feed locus,
while the sensor 53 is proximate to the locus
through which the partially-vaporized re-
boiler liquid is returned. Although the
sensor 52 is shown as sensing the same tray
temperature as the sensor 45, this is neither
essential, nor critical, but is preferred. The
temperature sensor 53 is located above the
lowermost tray, or deck, but not within the
reboiler section iself. Therefore it senses
any temperature change resulting from the
greater source of heat-input, that of the
latent heat of vaporization of the reboiled
liquid bottoms return. Thus, the tempera-
ture sensed by the sensors 52 and 53 are
representative of the temperature differen-
tial, or gradient across virtually the entire
stripping section and transmit appropriate
signals via instrument lines 54 and 55 to a
Differential Temperature Recorder (dTR)
56 which measures the temperature dif-
ferential and generates a signal representa-
tive thereof.

As a practical matter, a commercial sys-
tem will generally be designed and con-
structed such that the dTR 49 is capable of
communicating, via an instrument line 50,
with a Differential Temperature Multiplying
Relay (dTMR) 51, and the dTR 56 com-
municating with a dTMR 58 via an instru-
ment line 57. In practice, however, only one
of the two multiplying relays will be opera-
tive; therefore, each will be supplied with a
signal bypass. The signal bypass around the
differential temperature multiplying relay
51 is shown as a shunt 5la and the bypass
around the differential temperature multi-
plying relay 58 is shown as a shunt 58a. In
the illustrated system, it will be assumed
that the sensors 45 and 46 are spaced apart
with two intervening trays, while the sensors
52 and 53 are separated by sixteen trays, and
that the dTR 49 is co-active with the i TMR
51. In accordance with the present inventive
concept, the signal from the dTR 49 will be
multiplied by an appropriate factor, in this
case 8, and the dTMR 51 will transmit a
signal representing the product, 8 (delta-T),
via an instrument line 61 to a Double
Differential Temperature Quotient Relay
(DATQR) 60. The signal from the dTR 56 is
by-passed around the dTMR 58, and trans-
mitted through an instrument line 59 to the
DATQR 60. The latter generates a signal
representing the quotient of 8(delta-T),
divided by (delta-T),, and transmits this
signal by way of an instrument line 62 to the
FRC 30, the setpoint of which is adjusted
accordingly; a signal representing any differ-
ence between the flow rate of the heating
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medium in the line 27 and the adjusted
setpoint is transmitted to the control valve
33. In this manner, the enthalpy of the
partially vaporized reboiler bottoms liquid
return is virtually immediately adjusted
responsive to the varied delta-T compari-
sons proximate to the feed locus and across
the entire stripping section, altering the
heat-input to compensate for a change in the
feed stream enthalpy. The use of a quotient
relay is preferred to either the sum or
difference in the delta-Ts, since it facilitates
accurate control of the slope of the distilla-
tion curve below the feed locus. Use of a
multiplying relay on one of the two signals
permits the consideration of the pressure
drop effect as determined by number of
trays between the two pairs of temperature
Sensors.

The foregoing clearly illustrates the pre-
sent control system for maintaining product
quality and thermal balance within a frac-
tionation column, and the method by which
it is used.

Reference should be made to our U. K.
Patent No. (53807/76) Serial No. 1561117
which also relates to the heat balance
control in a fractionation column.

WHAT WE CLAIM IS:-

1. A control system for a frictiona-
tion column containing a plurality of spaced-
apart trays or decks, and wherein (i) a feed
stream is introduced through a locus inter-
mediate the top and bottom thereof; (ii)
liquid bottoms material is recovered from
the lower end of said column, and at least a
portion thereof partially vaporized and re-
turned to the reboiler section; and (iii)
overhead material is recovered from the
upper end of said colummn, condensed and at
least a portion thereof returned to the
rectification section as a reflux stream,
which control system comprises, in coopera-
tive combination:

(a) a first pair of vertically-spaced tem-
perature sensors below said feed locus and
separated by a first plurality of trays, and a
first differential-temperature (delta-T)
measuring device communicating with said
first pair of temperature sensors;

(b) a second pair of vertically-spaced
temperature sensors below said feed locus
and separated by a second plurality of trays
which second plurality is greater than said
first plurality, and a second differential-
temperature (delta-T) measuring device
communicating with said second pair of
temperature sensors; -

(c) first differential-temperature (delta-
T) computing means communicating with
one of said first and second delta-T measur-
ing devices to determine a first differential
communicating output, said output being a
function of the ratio of said second and said
first pluralities;

(d) second differntial-temperature (de-
Ita-T) computing means communicating
with said first computing means and the one
of said first and second delta-T measuring
devices not in communication with said first
computing means, and co-acting with first
control means for regulating the degree of
vaporization of said liquid bottoms material
returned to said reboiler section;

(e) a third pair of vertically-spaced tem-
perature sensors above said feed locus; and

(f) a third differential-temperature (de-
Ita-T) measuring device communicating
with said third pair of temperature sensors
and co-acting with second control means for
directly or indirectly regulating the quantity
of reflux returned to said rectification sec-
tion.

2. The control system of Claim 1 where-
in both of said first pair of temperature
sensors are proximate to said feed locus.

3. The control system of Claim 1 where-
in one of said second pair of temperature
sensors is proximate to said feed locus and
the second is proximate to the locus through
which said partially vaporized liquid bot-
toms material is returned to said reboiler
section.

4. The control system of any of Claims 1
to 3 wherein both of said third pair of
temperature sensors are proximate to the
locus through which said reflux is returned
to said rectification section.

5. The control system of any of Claims 1
to 4 wherein said second control means
directly regulates the quantity of reflux
returned to said rectification section and
third control means regulates the quantity of
said overhead material recovered as a net
product stream.

6. The control system of any of Claims 1
to 4 wherein said second control means
directly regulates the quantity of said over-
head material recovered as a net product
stream and third control means regulates
the quantity of reflux returned to said
rectification section.

7. The control system of any of Claims 1
to 6 wherein said first delta-T computing
means communicates with said first delta-T
measuring device, and said second delta-T
computing means communicates with said
second delta-T measuring device and said
first computing means.

8. The control system of any of Claims 1
to 6 wherein said first delta-T computing
means communicates with said second de-
Ita-T measuring device, and said second
delta-T computing means communicates
with said first delta-T measuring device and
said first computing means.

9. A method for controlling a fractiona-
tion column, wherein (i) a feed stream is
introduced through a locus intermediate the
top and bottom thereof; (ii) liquid bottoms
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material is recovered from the lower end of
said column, and at least a portion thereof is
partially vaporized and returned to the
reboiler section; and, (iii) vaporous over-
head material is recovered from the upper
end of said column, condensed and at least a
portion thereof returned to the rectification
section as a reflux stream, which method
comprises the steps of:

(as) sensing a first temperature differen-
tial (delta-T) between two vertically-spaced
temperature sensing points below said feed
locus, separated by a plurality of trays,
measuring the resulting first delta-T and
generating a first signal representative
thereof;

(b) independently sensing a second tem-
perature differntial (delta-T) between two
vertically-spaced temperature sensing points
below said feed locus, separated by a
greater plurality of trays, measuring the
resulting second delta-T and generating a
second signal representative thereof;

(c) multiplying a selected one of said
first and second delta-T signals by a multi-
plier representing the ratio of the number of
trays between the sensors supplying the
non-selected delta-T signal to the number of
trays between the sensors supplying said
selected delta-T signal, and generating a
third signal representing the resuiting pro-
duct;

(d) obtaining a computed relationship
of said third signal and said non-selected
signal, and generating a fourth signal repre-
sentative of the resulting computed relation-

ship;

&:) regulating the degree to which said
liquid bottoms material is vaporized in
response to said fourth signal;

& sensing a third temperature differen-
tial (delta-T) between two vertically-spaced
temperature sensing points above said feed
locus, measuring the resulting third delta-T
and generating a fifth signal representative
thereof; and

(g) regulating the quantity of said re-
turned reflux stream responsive to said fifth
signal.

10. The method of Claim 9 wherein said
returned reflux stream is directly regulated
responsive to said fifth signal and the
quantity of net liquid overhead product is
regulated responsive to the rate of flow of
said vaporous overhead material.

11. A control system for a fractionation
column substantiaily as hereinbefore de-
scribed with reference to and as illustrated
in the accompanying drawing.

12. A fractionation column containing a
plurality of spaced-apart trays or decks,
means for introducing a feed stream into the
column through a locus intermediate the top
and bottom thereof, means for removing
liquid material from the lower end of the

column and reintroducing a vapourized por-
tion thereof into a reboiler section, means
for removing vaporous material from the
upper end of the column and reintroducing
a condensed portion thereof into the rectifi-
cation section, said column being equipped
with a control system as claimed in any of
claims 1 to 8 or 11.

1.Y. & G.W. JOHNSON,
Furnival House,
14-18, High Holborn,
London. WC1V 6DE,
Chartered Patent Agents,
Agents for the Applicants.

Printed for Her Majesty’s Stationery Office,
by Croydon Printing Company Limited, Croydon, Surrey, 1980.
Published by The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.
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