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 Background: Sustaining the product composition in good range is vital to increase the 

profit. Inferential model is one of the approaches used to estimate the product 

composition. It is different from laboratory analyzer that depends on sampling and 

analysis. Once developed well, inferential model can be integrated into the Advanced 
Process Control (APC) controller for on-line estimation. This study focuses on 

developing inferential model to estimate the distillate composition of the separation of 

Isopropyl-Alcohol (IPA) and Acetone mixtures. The experiment is conducted at Pilot 
Scale Distillation Unit in UniversitiTeknologi PETRONAS. Simulation of IPA-Acetone 

Distillation column is calculated using ASPEN HYSYS to serve as comparison data to 

test the developed inferential model prediction. Results show that inferential model 
produced good estimation results and have potential for predicting the distillate 

composition. 
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INTRODUCTION 

 

 Advanced process control (APC) definition is 

subjective and depends on individual’s background. 

It could mean to implement control strategy other 

than the most classical strategy, the feedback. The 

other control strategy could be feedforward control, 

cascade control and so on. In this paper, authors 

address the control inferential modelling as one of 

the components of advanced process control scheme. 

This project seeks an online estimator using 

inferential model for distillate composition of 

distillation column. Direct measurements for 

estimating product composition of distillation 

column is very crucial in order to maintain the 

quality specifications of product according to Jerbic 

et al., (2007). In current process industry, product 

composition is predicted based on tray temperature 

by assuming certain composition can be achieved at 

certain temperature. So, indirectly, by maintaining 

the temperature at certain degree, certain 

composition can also be achieved. However, this 

temperature-based composition estimator may not be 

precise at all times due to disturbance. Another 

typical approach of product quality measurement is 

through laboratory analysis such as gas 

chromatograph and refractometer. Unfortunately, this 

laboratory analyzers may produce non-real time 

compositions due to infrequent lab test especially for 

fast-acting process according to Wood and Berry, 

(1973). Although there is facility to install hard 

sensor to do composition measurement, it still has 

major drawbacks of being so expensive and may 

suffers from long measurement delays as mentioned 

by Skogestad et, al., (1990) The delays can caused 

infection to the sample thus provide less accurate 

reading.  

 Due to inefficiency of previous mentioned 

methods, the most favorable alternative is to predict 

the composition through inferential model which also 

known as soft-sensor. Inferential model is usually 

built using variables such as pressure, flow rate and 

temperature. The details on inferential model 

approach are presented by Ahmed and Zhang, 

(2003), Zamprognaet, al., (2004), Liu et, al., (2008), 

Oisiovici and Cruz, (2000). Among the various 

available approaches, one of them is inferential 

temperature control. It is one effective way to sustain 

the composition control of distillation unit as 

presented by Zamprognaet, al., (2005).  

 From economic point of view, this method 

requires less maintenance and installation cost 

compare to on-line analyzers such as gas 

chromatograph. In addition, the modelwill reduce the 

flaws of measurement during dead time thus increase 

the reliability of the readings. Roffel et al., (2003) 
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states that, since column pressure affects the tray 

temperature significantly, most system use simple 

linear correction pressure-compensated temperature. 

 The objective of this study is to develop an 

inferential model that can measure distillate 

composition which function is to cater delays from 

sample measurement in industry. This inferential 

model will help to keep product quality in acceptable 

range thus leads to optimum profit. The proposed 

inferential model will use pressure-compensated 

temperature function. The model will be validated 

using simulation data from HYSYS. 

 

1. Methodology: 

1.1. Materials and preparation for distillation 

column : 

 Chemicals used for experiments are Isopropyl-

Alcohol (IPA) and Acetone. Isopropyl-Alcohol (IPA) 

and Acetone is prepared to be fed to column with 

ratio 70:30. Amount of chemicals to be fed are 

71.68L for Acetone and 168.32L for Isopropyl-

Alcohol (IPA). Then the mixture gone through 

separation process inside distillation column 

according to normal operating procedure of UTP’s 

pilot scale distillation column. Total of 8 samples 

were taken to be analyze by refractometer for top 

composition value. These experimental values are 

then used as the calibration curve to be compared 

with values estimated by inferential model and 

values from HYSYS simulations. 

 

1.2. Simulations: 

 A simulation of the distillation process was 

conducted using Aspen HYSYS using the same base 

steady-state condition as in experiment. The base 

steady state may differs according to the plant. As for 

what used in this study, the column consists of 15 

trays and the diameter and height of the column is 

0.15 m and 5.50 m respectively. Feed stream enters 

at Tray 7 and feed composition is 30 weight percent 

of Acetone and 70 weight percent of Isopropyl-

Alcohol (IPA).  

 

1.3. Inferential Modeling: 

 Operational variables data obtained from 

experimental procedures areused to develop the 

inferential model. Inferential model will predict 

product composition of distillate which is Acetone 

composition. Microsoft Excel Solver is utilized 

during the development of inferential model to 

determine line of least error. Suggested methodology 

for inferential modeling is illustrated in Figure 1.  

 Temperature is often used as process variable to 

calculate stream composition rather than complex 

analyzer systems because it is easy and inexpensive 

way of composition controls. However, temperature 

control can suffer from pressure variations in 

column, as column temperature can change due to 

variations in column pressure at fixed position. So in 

this study, equation of pressure-compensated 

temperature is used. Equation 1 shows the correlation 

between the column pressure and the column 

temperature with the pressure-compensated pressure 

taken from Riggs, (2006). 

Tpc= Tmeas– Kpr (P-Po)                                          (1) 

Where,  

Tpc= pressure-compensated temperature 

Tmeas = measured temperature 

Kpr= pressure correction factor 

P = operating pressure 

Po = reference pressure 

Kpr is estimated by following equation, 

Kpr= [Ti(P1) - Ti (P2)] / P1 – P2                               (2) 

Where,  

Ti= temperature of tray i predicted by column 

simulator 

 

 
 

Fig. 1: Flow chart of inferential model development. 
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 According to Riggs (2006), the chosen tray 

temperature can be insensitive to changes in product 

impurity levels if a single tray temperature is used in 

inferring the product composition. So, to increase the 

accuracy, in this inferential model, two pressure-

compensated temperature values. The pressure-

compensated temperature calculated in Equation (1) 

is used to calculate the distillate composition by this 

following equation:  

XD = -aTpcC + bTpcR + C                                    (3) 

Where,  

XD = distillate composition  

TpcC = pressure-compensated temperature of to 

condenser stream 

TpcR = pressure-compensated temperature of reflux 

stream 

a,b, C = coefficients that will be calculated using 

Microsoft Excel Solver 

Sum of squared errors (SSE) is used to calculate the 

errors between the composition obtained from the 

experiment and the composition calculated using 

model. SSE is minimized using Microsoft Excel 

Solver, where Solver iterates the value until it can 

reach the lowest possible value of SSE for 

experimental data and predicted data, SSE is 

expressed as: 

2
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1
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,
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N

n

nxnxSSE

                                        

(4) 

Where,  

x = measurement of product composition 

x’ = estimated value 

N= number of measurements 

 

2. Results: 

 This section will present key results which 

include the inferential model and the comparison 

plots between experimental data (experiment), 

HYSYS Simulation (Hysys) and the inferential 

model (model). 

 

2.1 The Inferential Model: 

 In the methodology, the general expression for 

pressured-compensated temperature based inferential 

model is stated in equation (3). The coefficients 

namely a, b and C are calculated using Microsoft 

Excel Solver and the model developed in this study is 

as follows:  

XD = 0.114TpcC +0.131TpcR + 1.65           (5) 

 Figure 2 shows the comparison plot for Acetone 

composition against change in temperature.  

 

 
 

Fig. 2: Graph of temperature against Acetone composition. 

 

2.2 Comparison plots for case study: 

 The case study was done to study how the top 

composition changes due to different value of reflux 

and steam rate. The purpose of this case study is to 

observe how well the inferential model can predict 

product composition of distillate if these two 

variables varied. Figure 3 and Figure 4 show the plot 

comparisons for the case study. 

 

3. Discussions: 

 From Figure 2, it is observed that all three 

methods (experiment, HYSYS, and inferential 

model) display similar trend which show the higher 

the temperature at top of the column, the lower the 

Acetone composition. The result is expected since 

Acetone boiling point is 56°C. As the temperature 

increases, Acetone is already extracted on trays thus 

Acetone composition on top of the column will 

decrease. 

 Based on Figure 3, the predicted composition by 

inferential model managed to follow the same trend 

line as HYSYS value although inconsistency occurs. 

The relationship between distillate composition and 

reflux rate shows that by increasing the reflux rate, 

the composition of Acetone composition in distillate 

will increase. Since the distillate rate is kept constant, 

and only reflux flow rate is being manipulated thus 

the reflux ratio is higher if reflux rate is higher. 

Therefore, the result is expected because higher 

reflux ratio is desired to produce a higher 

concentration of Acetone in the distillate. Thus, from 

the graph it was found that inferential model has 

predicted well to cooperate changes in reflux flow 

rate. 
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Fig. 3: Graph of reflux flow rate against Acetone composition. 

 

 
 

Fig. 4: Graph of steam flow rate against Acetone composition. 

 

 Figure 4 shows the comparison plots for case 

study of manipulating the steam flow rate. According 

to Figure 4, it is observed that predicted composition 

by inferential model displays similar trend line as 

HYSYS and experimental data. The amount of 

Acetone in distillate decreases as steam flow rate 

increases. The result is expected since the increasing 

value of steam flow rate causes the temperature in 

the column increases thus some of Acetone is 

extracted earlier in trays before it got stripped away 

from top of the column.  

 The graphs plotted explained of the concept of 

distillation unit well. Plus, inferential model has 

produced better results than Hysys since it predicts 

values that are closer to experimental results. 

 

4. Conclusion: 

 In this study, inferential model produced good 

estimation result and hence has good potential for 

predicting distillate (acetone) composition for IPA-

Acetone distillation column. The inferential model 

was built under steady-state category. As a 

conclusion, this project is beneficial as it deals with 

alternative way of getting product composition 

directly from distillation unit. By keeping 

composition of product in acceptable range, product 

quality can be maintained significantly and profit 

function can be optimized. Furthermore, inferential 

model is believed to be one of the effective method 

to predict product composition as it is suitable for 

fast-response dynamic process and the cost is less 

expensive compared to others online analyzer such as 

gas chromatograph. 
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