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This work aims the study of a debutanizer colummtypical petrochemical industry. First a
steady state model was built using ASPEN PLUS laerd the model was transformed to the
dynamic version using ASPEN DYNAMICS. The debaaralumn split a mixture of
hydrocarbons into a C4 rich fraction and a C5+ ftan. In the C4 fraction 1-3 butadiene is
the desired compound which will be separated intagoprocessing unit. 1-3 butadiene is an
important feedstock for the polymer industry. Tokioin dimensions and characteristics and
operational conditions where supplied by the comypdrhe first part of the study was the
model building and results validation with real dabf the industry. Then the model was
transformed into the dynamic version for contraldst purposes. Both open and closed loop
studies were performed. The generated curves wilided by the company for control scheme
selection purposes.
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1. INTRODUCTION

A Petrochemical industry is a Division of the cheati
industry that processes feedstocks from oil likephtlha
liquefied petroleum gas and other oil refinery atns. The
Brazilian petrochemical industry uses naphtha as riain
feedstock. (TORRES, 1997)

Petrochemical products are classified as mediuhigtio
value products in the global Market. Petrochemptahts are
wide spread all over the world. High competition &
consequence. This makes efficiency the main tdogetl these
companies in order to survive the competitive Marke

Process control has gained growing importancedearre
times. Modern tools like dynamic simulation has wshoits
power to provide studies in a relatively easy watest different
control strategies before its application in thenpl These tools
allow the study of control and optimization at g@me time if
wanted. (SEBORG et al, 2003)

2.3 Controller tuning

According to Smith e Corripio (1997), controllaunting
is the controller parameters adjusting to match tileer
characteristics of the other parts of the contwopl

Tuning depends on the process dynamics as wethas o
process needs. Controller parameters values plagriant role
in the controller action over the manipulated Malgain order
that the match the set-ponit.

Empirical procedures were first introduced to méie
tuning process as easy as possible although nahemwf could
guarantee better controller responses in all distwce’s
situations. A fine adjustment is an attemp andreprocedure
for this purpose (SMITH, CORRIPIO, 1997).

One of the procedures is the controller tuning gishe
minimum integral error. This procedure is based tle
minimum error or deviation between the controlladable and
the set-point. In this method the sum of the eatagach instant
should be minimized, and this is by definition thigral of the

The distillation tower studied in this work is aerrorintime. But the integral of the error cart he minimized

debutanizer as said earlier. 1-3 butadiene haghavailue in the
petrochemical Market. Its worldwide demand is mtran 9

million metric tons per year. So better controhttgies and
optimizaton are mandatory for loer production psic
(MAGALHAES, 2008).

2. TEORY

2.1 Distillation

Distillation is a unit operation widely used in th
chemical industry. It is a mass transfer operatized to
separate components form a mixture based in tiodatilities.

The equipment is a column or tower. Feed is intcedu
at a intermediary point in the column. This pomipreviously
determined from separation studies At the top ef ¢dblumn
heat is withdrawn generating liquid that flows dovemd. At the
bottom of the column heat is added generating vémirflows
upward the column, Is contacting devices the liqaidi the
vapor flows are mixed together and exchanges magdaat
generating new flows with different compositions. &result of
this process the vapor is enriched with the moréatile
compound while the liquid is enriched with the |lesdatile
compound. Two streams are produced: the distiitata the top
and the residue from the bottom.

2.2 Process Control

According to Riggs (1998), control affects directhe
product quality, production rate and utility use.heT
optimization of a distillation control system asssithe product
quality and consumption of utilities within equipntéimits.

The objective of a distillation column control sst is
to keep it in steady state. According to Kisterq@p a control
system that does not work properly can cause iilityain the
column and as a result material and economical dasmand
safety risks as well.

directly because the results would be negative.ef2év
correction formulae have been proposed (SMITH, CORR,
1997).

3. METHODS

The column study was made by simulation using the
software ASPEN PLUS®. This software is a worldwide
standard chemical process simulation. Data usdzlild and
Jun the model were supplied by the company reptegea real
case.

3.1. Steady State Runs

First of all the column system was studied in syestdte
mode. Thermodynamic Model: is a set of models utsed
calculate physico-chemical properties, and trartgpaperties
as well. Model selection was based in an Eric ©arlgaper.
Eric is a well-known ASPENTECH engineer, specialida
thermodynamics (CALRSON, E. 1999).

Feed stream is a mixture of hydrocarbons. Accortling
Carlson best methods for these mixtures are E@QS8aion Of
State) Peng-Robinson and Redlich-Kwong-Soave anet Le
Kesler-Plocker. Since Lee-Kesler-Plécker is a stvelegree
equation it was discarded due to large mathemattfakts
needed. Both other systems were testes to choesmth one.

The column model chosen was RADFRAC, the rigorous
distillation model. The column was configured wittata
supplied by the company as said before. A choser vas
input and run with the two thermodynamic modelsndre
Robinson and Redilch-Kwong-Soave. Data simulatedewe
compared with plant data.

Conclusion was that either thermodynamic models
showed similar results with very little discrepasiwhen
compared with plant data. So Peng-Robinson modeak we
chosen because is the most used model in hydratarbo
simulation studies.
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3.2. Dynamic Model and Runs do this disturbances were applies and response unesh$n
graphical form.. The purpose of this study was iokdtransfer
function od the process system. A closed loop study also
made with new parameters to check the overall robet
performance.

Column was configured for dynamic simulation witle t
addition of dimensional data. Other equipment dwoiter,
condenser reflux drum and pumps were also confijwith
dimensional data.

Migration of steady state model to dynamic model |4 RESULTS AND DISCUSSION

automatic within ASPEN suite. The migrated moded wpened

in ASPEN DYNAMICS®. This procedure insert some controlg.1 Steady State
automatically, Strategy were changed to match ptamtrol
strategy. After that changes the model was rundfind if
proposed tuning was functional. An open loop rurs vaso
made in order to search the better conditionsifial funing. To

Steady state responses with Peng-Robinson andcRedli
Kwong-Soave, are shown in table 1.

Tablel 1 — Comparison of steady state resultse.

Peng- SRK Plant data peng- SRK Plant data
Robinson Robinson

Unity 4320 4320 4320 4410 4410 4410

Stream - Top Top Top Bottoms Bottoms Bottoms
Phase - Vapor Vapor Vapor Liquid Liquid Liquid
Temperature °C 49,26 49,12 43,7 106,88 107,58 106,5
Pressure kgf/cm2 ¢ 4,02 4,02 3,97 4,36 4,36 4,37
Mass flow kg/h 49837,19 50223,62 52297 26630,81 26244,38 24172
Component B % molar 50,27 50,45 52,52 8,08 7,01 0,57

Component B is the main one in the separation gsce Controller action is too slow so tuning needs to be

in this. Although the discrepancy in the compositio the modified. Controller action in the manipulated adbfe is low
bottoms topo compositions are in good agreemenhgPemaking system response very slow. An error occfies 425

Rpbinson EOS was chosen.. hours (peak in the graph). Same study was perfibforeother
variables showing unsatisfactory responses. Butluxef
4.2 Dynamic runs controller works fine

Open loop studies: for this study sequential step

4.2.1 Control S_trtat%mes:d t_unlphg paratlmﬁters S_uﬁplby disturbances have been applied. The main targetvsrify if
company Were Introduced in the controflers. L S system has a linear response and find its trarfsfection.

responses were analyzed in stage 44 pressure S2gepisturbnaces were applied in the feed temperafi 2 left
temperature and reflux flow. Figure 1 shows resutsa and response in figufepz right is the pressEr&dglgirf )

disturbance in the stage 44 pressure setpointillBistflow is

ths measured variable. (A)
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Figure 1 — (A) response of distillate flow ; (Bltirbance in the Figura 2 — (A) Process response (pressure in di4)ge(B) step
set point and process response in feed temperature .
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With these response curves the systems gains were
calculated. Inspections of the results shows thatsystem is
non-linear so one transfer function only it is soitable for this
system. With the use of Smith method it was posdiblobtain
transfer functions for each disturbance. Resulés sliown in
table 2. Function obtained is of first order witbad time.
(equation 1)

6() = (

K _
p ) e tgs
Tps+1

1)

Tablel 2 — Transfer functions for each disturbance.

Kp Tp td
Disturbance 1 0,0658 0,211 0,0
Disturbance 2 0,0796 0,208 0,160
Disturbance 3 0,0791 0,206 0,089

With the transfer function the method of the intdgr
error (IAE) was applied for the regulatory caserider to obtain
controller parameters. This method requires deaé o the
first disturbance were not considered.

Table 3 — Controller tuninﬁ for each disturbance.

Disturbance 2 16,0 0,284
Disturbance 3 28,6 0,186

Closed loop study: for fine tuning each controleas
tuned at a time. Chosen parameters were P=16,0=8r2B4,
referring to the second disturbance. These arefigwes e
avoid bumps. With these parameters the sequerdiarbdances
were applied. Control action were very fast as camg to
previous case. Stabilization time were of aboutnZi@utes.
Taking this responses new teste were done chawgimigoller
parameters auntil response were more fast withoumpis.

Figure 3 shows feed temperature disturbance and
response of the distillate flow. This result refershe following
parameters: P =1 and | = 15.

With these parameters controller action is mildgheut
any peaks in the manipulated variable. Disturbatedess about
1 hour to stabilize. There is no over shoot as.well

4. CONCLUSIONS
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Figure 3 — (A) Response of stage 44 pressure fe@)

variable.

The studied system worked well with both Redilich-
Kowng-Soave and Peng-Robinson EOS. Peng-Robinsdh EO
was selected dur to its wide use in the hydrocadmalation.
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