CHAPTER 3
DISTILLATION COLUMN CONTROL

I/ / .
3.1 Introduction / '
‘_,z

This chapter_introduces thes subject of a distillation column control. The

interactive nature Wc
challenging areas for thespr

< mai(e it one of the'most complicated, interesting, but

88 cor&rol engineer. Many control configurations have

1 .,,e.'thig quective of producing a quality product from a

ow-hew these may be devised from the controlled and

The objective of op’éi’affﬁig a Adiét";ffi%ib'?r colum} is to separate the feed so that

!
the overhead produc er feed ;f:omponents and the bottom

product is enrlched-m the heavier feed components -Enther may be the more valuable
product so that operatlons are adjusted to meet criteria for this product while the other
is allowed tovary) as the"operating conditions require. <TFhe:valuable product criterion
is almost alwaysv expressed as a flinction of composition as a specification which states
that the product must contain at least a xrummum fraction of certam constituents. This
specificaton in miost ‘cases becomes a'maximum @s well,-since fhere ‘may be no reward
for exceeding it, but making additional product at specification can lead to additional
income. Distillation column control systems are then designed to produce a product

stream which has a specified composition and neither exceeds nor falls short of this

mark.

In addition to maintaining quality specifications, the control system must assure

that column operating conditions remain within the limits imposed by the column
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operating constrains. The foremost of these is to assure that the overall column
material balance is satisfied. Local material balances at the condenser and reboiler also
must be observed. Their respective liquid levels are limited within minimum levels in
the drum. For effective operation the column may not be permitted to flood, slug,

weep excessively, drum, etc. In addition the column conditions may need to be

adjusted to protect its components.

3.3 Manipulated variables
9

To achieve.thesopérating objective, column inputs of the control system must

be adjusted. If t’hc?’rate composition, and condition are determined upstream

from the column,, e cnergy mgut and the relative product rates are available for

¥
control operatlons/« rgl ate four _;nampulable variables in a conventional column
(without intermediat. prﬁdu&t str,eami

i i -'J

§ . ,
(i) the dlstlllﬁe tate' Ay 4

4

(ii) the reflux fate

(iii) the bottom rate. -~

-
(iv) thej’i‘?m%:- duty — ]

One of thggb will be chosen as the primary ;ﬂgtnipulated variable to achieve the

column objective ingproduct quality. Two others are required to maintain operating

constraints’of the liquid level in the reboiler and in the overhead accumulator. The

fourth variable is fixed.

3.4 Controlled variables

Although the operating objective is exactly described in terms of composition,
this variable is seldom used in control systems. For reasons of reliability and/or cost it
is often replaced by a temperature measurement which, with calibration, is used to

indicate deviations from the objective composition, three controlled variables are

selected for a conventional column:
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(i) aselected composition (x, or x,)

(i1) accumulator level

(iii) reboiler level

Most control systems for conventional columns consist of three control loops
which manipulate input variables to achieve control objectives stated in terms of the
three controlled variables. The el’fectiveness of the control system, however, is

determined from its ability to mamtam ﬂ}e uality of the more valuable product at its

specified value. ; J
' D =

'. sand?adﬁngle manipulated variable which is free. The

'_ the ¢ troller which adjusts this variable and changes

J J-tJ w, Jfa.
There are twenty: our possxble con!

the free variable. Many of tﬁ_ ese-may ﬁ‘gu:ckly dismissed. A control loop which

I..__

includes the entu‘t;1 column “between the controlled Variable and the manipulated

variable may be ,cgnsidered poor control since tlie p(_okess transfer function would
contain a large time delay and/or a large time constant This control will be sluggish
and undesirable. An example of this sort,of loop would eliminate the use of bottoms
rate as a manipulated variable to control the level'in the overhead accumulator. When
these configurations are eliminated eight possible combinations remain. These are
summmarized ‘in Table 3. 1 Théir actions may be understood more readily if their

responses as described in the following sections, are followed on this table.




3 TABLE 3.1 Control configurations for conventional columns.
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Configuration Overhead accumulator Reboiler level  Composition

level (xs0rxs )

Free

O N A AW N

Reflux rate
Reboiler duty
Reboiler duty

Reflux rate

Bottom rate
Distillate rate
Distllate rate

Bottom rate

Reboiler duty
Reflux rate
Distillate rate
Bottom rate
Reflux rate
Reboiler duty
Bottom rate

Distillate rate
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Fig.3.1 Configuration 1 for distillation column control
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Fig.3.2 Configuration 2 for distillation column control
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Fig.3.3 Configuration 3 for distillation column control
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Fig.3.6 Configuration 6 for distillation column control
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Fig.3.7 Configuration 7 for distillation column control
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Fig.3.8 Configuration 8 for distillation column control
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3.6 Material balance and recycle control

The remaining configurations illustrate three basic procedures for the control of
distillation columns:

(i) direct material balance control

(ii) indirect material balance control

(iii) internal recycle control

Configurations 3 and 5 implerﬁé{ ﬁgg,ct material balance control. In both
cases composition is controlled by manipulating the flow rate of the product stream

and thereby changing the Biét;ibuti(ﬂn of product between the overhead product, the

to

distillate, and the product. "‘\IThe overall material balance for the column is

changed to effect i len change in a product stream. It is intuitively seen that

if the distillate rate i the_greater part of the reduction will be obtained from

heavier components. h digtillate wrl}be come richer in light product, purer, but the

&l

components transfered/ fr *the drstrﬁate appear in the bottoms where they are

relatlvely light and -caus the bettoms i&be less pure. Furthermore this action has

o

2
caused a reduction in the quantgyof dlstM product available for sale.

Confi guratlon 1 is miost oﬂen thé o‘ﬂe selecte? for distillation control and is

designated as thé guratnons are often chosen of

course, but must be 3pec1f ically justified as more su1t‘;ble than configuration 1 for the

particular operation under consideration. Confi guratlon 1 is an example of indirect
material balance control] as is'configuration 2. | I both ¢asés; the initial action taken to
control compesition manipulates the intenal recycle flow by changing the the reflux
rate or the reboiler duty, which, changes the-boil-up-rate. ~Subsequent actions by the
other ‘control' loops “then affect ‘the “overall ' material ‘balance 'of “the column. For
configuration 1, a composition controller may call for an increase in reboiler duty,
which is reflected in an increase in the boil-up rate. The reboiler liquid level drops as
more material is vaporized and its controller reduces the bottoms rate. The increased
vapor rate reaches the condenser/accumulator and its level increases. Since the reflux
rate is set, the accumulator level controller opens the valve on the distillate product

line. The overall effect is a change in the material balance to increase the distillate rate,
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decrease the bottoms rate, and improve the bottoms product purity in heavy
components. Indirect material balance control may be sensiti.ve to upsets in column
with a high reflux (to distillate) ratio.

Configurations 4 and 6 are illustrative of still another type of distillation column
control. In both, one product stream is set as the “free” variable. The other product
stream is placed on level control in, order to maintain the column material balance.
Deviations from the specified produc‘t.fguahty are corrected by manipulating the
internal bulk flow rates ‘within the column "’" ‘As these rates are increased, a better
separation is obtained.  This type pf contiol may be described as internal recycle

control.

3.7 Feedback cont)i/ fr ="

The control | gécqtsSary 10 &ontrol product compositions and levels of a

distillation column 'is sg{ld;ed Columw mventones and product compositions are
J

controlled by propomoney(P) and propr{-g)nal -integral (PI) controllers. Proportional

controllers are used for snmple level _{oopfs that do not required tight setpoint.

Proportional- mtegral (PD controllers are dsécﬂbr produpt composition loops.

371 Proport:oria!icontmﬂtrﬂ’)—ﬂ

The output of a proportional controller changes only if the error signal
changes. Since a load change requires a new control-valve position, the controller
must end up.with a new ‘error signal. | This means that a proportional controller usually
gives a steady-state error or offset. This is an inherent limitation of P-controllers and
why integealaction isjustally added  The/magnitude of'the offsat deépends on the size
of the load disfurbance and on the cohtroller gain. The bigger the gain, the smaller the
offset. As the gain is made bigger, however, the process becomes underdamped and
eventually, at still higher gains, the loop will go unstable, acting like an on-off
controller. .

Steady-state error is not always undesirable. In many level control loops the
absolute level is unimportant as long as the tank does not run down or overflow. Thus

a proportional controller is often the best type for level control. A proportional

T16Y592¢X




controller changes its output signal, CO, in direct proportion to the error signal, Err,
which is the difference between the setpoint, SP, and the process measurement signal,
PM, coming from the transmitter. The bias signal, BO, is a constant and is the value of

the controller output when there is no error.

CO = BO +KC (SP-PM) @3.1)
3.7.2 Proportional-Integral co I)
Most control Ioop&use The integral action eliminates steady-

state error. The smgjmtegrqj tlmm faster the error is reduced. But the
fped as |ﬁte*§rj:hmm reduced. Ifit is made too small,
§ II“ ..~'_> . "\

system becomes n

the loop become

" d(Err)

orE ‘!( ’n)d:+ R ) (3.2)

KC = c3
Err= errof}:etween SP-PM

controger reset time

11 AR T

PID controllers are used in loops where signals are not noisy and where tight

qwarﬂ\'f m ‘Wﬂf“’g dﬂf)ﬂml .ﬁ ﬂlpensate for lags in

he op Temperature contro ers 1n reactors are usua

d ( Err)

CO = BO +KC[Err + (-) [(Errydt + 7, ( )] (3.3)

where 7, = derivative time
The common types of control loops are level, flow, temperature, and pressure.
The type of controller and the settings used for any one type are sometimes pretty

much the same from one application to another. For example, most flow control loops
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use PI controllers with wide proportional band and fast integral action. Some
heuristics are given below. They are not to be taken as gospel. They merely indicate

common practice and they work in most applications.

(a) Flow loops

Proportional-integral controllers are used in most flow loops. A wide
proportional band setting or. low gap ai",ls used to reduce the effect of the flow
disturbance. A low value of integral orfese‘!;pme is used to get fast, snappy setpoint

tracking. The dynamics of the process are ustially very fast.

b) Level 10005 :
() Levelloopa” ) |
Most liquid level epresent r)aterial invenitory used as surge capacity. In these

cases it is relativelytini pprfant where the level is, as long as it is between some

maximum and minim vels: Thefsfore proportional controllers are often used on

level loops to give'sm changes in ﬂow rates and to filter out fluctuations in flow

ada? ‘-ii"}:,’:

One of the most common errors in laying out a control confi uration for a plant

rates to downstream

. . T o o s
with multiple units in series is the use of PI level controllers. If P controllers are used,

lfs with no overshoot of flow

A
the process ﬂoWJ;e i

rates. Liquid levels rise if flows increas and fall lf“ﬂOWS decrease. Levels are not

maintained at setpomt

If PElevel controllers are used, the integral action forces the level back to its
setpoint. In‘fact if level controller is doing a “pe‘rfect” job, the level is held right at its
setpoint - This_ means that any| change) i the flow rate) in’rd tHe surge tank will
intermediately change the flow rate out of the tank. Tt might as well not even use a
tank: just run the inlet pipe right into the outlet pipe! Thus, this is an example of
where tight control is not desirable. It want the flow rate out of the tank to increase

gradually when the inflow increases so as to not upset the downstream units.

Suppose the flow rate F, increases to the first tank. The level /4 in the first
tank will stert to increase. The level controller will start to increase F » When F, has

increased to the point that it is equal to F;, the level will stop changing since the tank
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is just an integrator. Now if P controller is used, nothing else will happen. The level
will remain at the higher level and the entering and exiting flows will be equal.

If, however, PI level controller is used, the controller will continue to increase
the outflow beyond the value of the inflow in order to drive the level back down to its
setpoint. So an inherent problem with PI level controllers is that they amplify flow rate

changes of this type. The change m’ e flow rate out of the tank is actually larger (for

a period of time) than the ch@pﬁg

' roug ﬁe of units.

Example 1 P-contrw > 1 ——
Assuming/ base | velmntrolled by manipulating bottom

(3.4)

rate into the tank. This amplification gets

worse as it works its way

(3.5)

(3.6)

Example 2 PI-contr(al.ler

NI T TE T T [o T L S——

mampulatmg'lreﬂux rate (R). If the dynamic m&c.iel is:

AR HA TR N

Integrating by using the Euler’s method to estimate error (H, - H )

dx, = (de+ync—le-lA_/[xnant’—y"‘V"‘)At (3.8)
nt

Apply PI controller by adjusting distillate rate:
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R =RO + KC [(: -xo)+(-:-)1(x, e)ik] (.9)

where x; =x, atany time (f)
Xo =Xn atthe old time

RO = initial guess of reflux rate

g g
AULINENINGINT
RN TUAMINGAY
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