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ABSTRACT 
 
A process of Fluidized Cracking Catalytic (FCC) was developed by our research group. A cold model FCC unit, 

in laboratory scale, was used for obtaining of the data relative to the following parameters: air flow, system 

pressure, riser inlet pressure, rise outlet pressure, pressure drop in the riser, motor speed of catalyst injection and 

density. The measured of the density is made by gamma ray transmission. For the fact of the process of FCC not 

to have a database until then, the present work supplied this deficiency with the implementation of a database in 

connection with the Matlab software. The data from the FCC unit (laboratory model) are obtained as 

spreadsheet of the MS-Excel software. These spreadsheets were treated before importing them as database 

tables. The application of the process of normalization of database and the analysis done with the MS-Access in 

these spreadsheets treated revealed the need of an only relation (table) for to represent the database. The 

Database Manager System (DBMS) chosen has been the MS-Access by to satisfy our flow of data. The next 

step was the creation of the database, being built the table of data, the action query, selection query and the 

macro for to import data from the unit FCC in study. Also an interface between the application “Database 

Toolbox” (Matlab2008a) and the database was created. This was obtained through the drivers ODBC (Open 

Data Base Connectivity). This interface allows the manipulation of the database by the users operating in the 

Matlab. 

 

 

1.  INTRODUCTION 

 

The continuous physical-chemicals processes produce a great amount of data. It is the case of 

the Fluidized Cracking Catalytic – FCC process. A process of FCC using a cold model unity, 

in laboratory scale, was developed by our research group. This process uses the gamma ray 

transmission technique for determination of density in a gas-solid fluidized bed [1],[2]. The 

data are presented as spreadsheet of the MS-Excel software, being registered in each 

programmed time interval. Therefore, there not is a database to manage the data of the 
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process. The implementation of a database allows to store, to organize, to make queries, to 

export, to import and assure the integrity of the data. 

 

When the database is associated to the Matlab software, there are several possibilities of use 

of the data. These possibilities are: determination of the system parameters, statistical 

treatment of the data obtained and application these results in mathematical modeling. 

 

The objective of the present work is the implementation of a database applied to the process 

above cited and the interaction between the database and Matlab software. The results 

obtained also will be very important for another database project, now in relation to pilot 

unity which is being installed. 

 

 

2.  MATERIAL AND METHODS 
 

 

2.1 - Description of the FCC (Flow Cracking Catalytic) Process 
 

The model experimental (Fig. 1) used had a great part of its components manufactured in 

transparent material to permit the visualization of important flow parameters. The riser was 

manufactured from a glass tube of 0.032 m inside diameter and 2.3 m in length. The cyclone 

which is responsible for the separation of the mixture at the top of the system was made from 

acrylic. The return column which is responsible by the conduction of the catalyst to the base 

of the riser also was made in glass. A cracking catalyst, average diameter of 70 µm, specific 

mass 1,500 kg/m
3
 and compressed air 103 kPa, were used as components of the mixture [1]. 

 

The mean solid concentration (1-ε) by gamma ray transmission in radial direction of the riser 

was determined. On the other hand, in a circulation fluidized bed the solid mass flow 

(kg/m
2
.s) is also a function of gas velocity and pressure drop along the riser. Therefore, by 

neglecting the effects from solid and air frictions and solid acceleration along riser, the mean 

values of solid concentration also were evaluated from pressure profiles by means of the 

equation : 
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Where: ∆p is the pressure over the distance ∆h (distance among two pressure meters along 

the riser), ρs is solid density and ρf is air density [1],[3]. 

 

For measuring the catalyst density in the circulating fluidized bed the gamma transmission 

technique was applied. The gamma measurements were taken with 2”x2” NaI(Tl) detector 

associated to a mono and multi channel analyzer. By integrating the 0,060 MeV photopeak of 

the Am-241 gamma spectrum all attenuation measurements were taken. The catalyst 

attenuation coefficient, µ = 0,331 cm
2
/g was determined in previous experiment. Catalyst 

density evaluation was carried out using the Bartholomew et al. [4] equation: 
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Where: ρ is given in [kg/m
3
], µ is the mass absorption coefficient [m

2
/kg], L is length [m], IV 

and If gamma intensities in empty tube and in flow conditions. The radial catalyst 

concentration was in the (2 – 9)x10
-3

 g/cm
3
 interval at mid-height of the riser. The radial 

distribution was in a rather annulus configuration for this diluted catalyst concentration 

[1],[2],[3]. 

 

 

 

 
 

Figure 1. (a) Diagram schematic – (b) Set-up 
 

 

 

2.2. Database 
 

 

2.2 1. The data 
 

The obtained data of the FCC unit are presented in the form of spreadsheet of the MS-Excel 

software that is generated and recorded to each interval of programmed time. Therefore, after 

some time, several spreadsheets are obtained, presenting the same format and different data. 

However, they need to be treated so that the database accepts them as data tables. This means 

that the titles and linking of each spreadsheet should be excluded. The values of the 

spreadsheet should also be numeric and preferentially with double precision. In the concept 

of model database relational, the spreadsheet generated to each interval of time by system, is 

expressed as the following relation (table):  

 

Medidas_Parametros={Cod_Medida, Pres_Sistema, Pres_Ini_Riser, Pres_Final_Riser,  

     Dif_Pressao,  Vazao_Ar,  rpm_Motor_inj,  Density} 
(3) 

 

Where: "Medidas_Parametros" is the title of the table and the expressions among keys are the 

titles of the fields (columns). The underlined (Cod_Medida) field is the primary key of the 

table. 
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The normalization process of relational database was applied in the relation 3 regarding the 

output of the system FCC. In addition, an analysis with the own DBMS (Microsoft Access) 

also was made. The results showed which would not be necessary the creation of other 

correlated tables. However, the attribute "Dif_Pressao" was removed of this table since that 

this attibute can be obtained with a simple query to the database. This simplification will save 

memory space and increase processing speed in the computer.  

 

 

2.2.2. Creation of the database 

 

The Relational Model of database was adopted in the present work. This choice was based in 

the excellent structuring and data integrity of this model. Examples of DBMS (Database 

Mannager System) relational are: MySQL, MS-SQL Server, MS-Access, PostgreSQL, etc 

[5]. Of this list, MS-Access has been chosen by to satisfy our flow of data and by to be plenty 

known and appreciated by the database users.  

 

After the choice of the DBMS, the next step has been the creation of the database, being built 

the relação (table), action queries, selection queries and the macros for the import of data. 

Therefore, the data of the spreadsheet treated are transferred for a table of the database in 

agreement with the procedure of the DBMS (MS Access). The import also can be made with 

the use of a macro specifically created for this task. The updating of the data is accomplished, 

using an action query. The pressure difference between the entrance and exit in the riser is 

determined through a selection query. These are the basic actions accomplished in the 

DBMS. Since then, all the manipulation of the data will be made with the Database Toolbox 

(Matlab).  

 

The configurations of the data source for drivers ODBC (Open Database Conectivity) also 

were made (see details in the section 2.2.3). This way, an interface was established between 

the application Database Toolbox do Matlab2008 and the database recently created. Due to 

this connection, the users can access the data from the database through the application 

Database Toolbox from within of the Matlab. This application counts a group of equations 

and the tool Visual Query Builder (VQB), both used in the interaction with the database in 

ambient of the Matlab. The tool VQB is a GUI (Graphic User Interface) of easy use, which 

creates and executes queries, besides of to import and to export data between the database 

and the program Matlab.  

 

 

2.2.3. Configuration of the source of data 
 

Before the connection of the Database Toolbox software with a database, a set up of a data 

source is required. A data source consists of data that the toolbox accesses and information 

required to find the data, such as driver, directory, server, or network names. Data sources 

interact with ODBC (Open Database Connectivity) drivers or JDBC (Java Database 

Connectivity) drivers. An ODBC driver is a standard Microsoft® Windows® interface that 

enables communication between Database Management Systems (DBMS) and SQL-based 

applications. A JDBC driver is a standard interface that enables communication between 

applications based on Sun™ Java™ and DBMS. The Database Toolbox software is based on 

Java. It uses a JDBC/ODBC bridge to connect to the ODBC driver of a database. The Fig. 2 
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illustrates the use of drivers ODBC with the Database Toolbox software for Windows 

platform [5],[6]. 

 

 

 

 

 

 

Figure 2. Ponte JDBC/ODBC for connection with the driver ODBC of a database. 

 

 

 

This section describes how to set up a data source whose database is located on a PC running 

a Windows operating system, or on another system to which the PC is networked, for use 

with an ODBC driver. These instructions use the Microsoft ODBC driver Version 4.00 for 

the U.S., MS-Access 2003 and Windows xp. If there is a different configuration, certainly 

these instructions should be modified. 

 

i. Close open databases (files with ending .mdb) in the database program (DBMS) that, in 

this case, is M-Access. 

 

ii. Open the “ODBC Data Source Administrator” dialog box in agreement with the following 

procedure: 

• Start Visual Query Builder (VQB) by entering the command “querybuilder” at the 

MALAB command prompt. 

• In the main menu of the VQB, select Query > Define ODBC Data Source. The 

“ODBC Data Source Administrator” dialog box appears (Fig. 3) listing existing data 

sources. 

 

iii. Select “User DSN” from the menu in the Fig. 3 and a list of data sources of the user is 

visualized 

 

iv. Click Add. The list of installed ODBC drivers appears in the “Create New Data Source” 

dialog box. 

 

v. Select the driver ODBC corresponding to the data source that is being configured. There 

fore, in our case, the driver “Microsoft Access Driver (.mdb) should be chosen. Click 

finish. The “ODBC Microsoft Access Setup” dialog box for the chosen driver appears 

(Fig. 4).The dialog box for another driver may be different.  
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JDBC/ODBC 

Driver 

ODBC 

Database 
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Figure 3. ODBC data source administrator dialog box. 
 

 

 

 
 

Figure 4. ODBC Microsoft access setup dialog box 
 

 

 

vi. Enter with the name FCC in the field "Data Source Name" and with the name FCC3 in the 

field “Description” of the dialog box above (Fig. 4). FCC and FCC3 are the names of our 

Data Source and Database 
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vii. Select the database for this data source to use. For some drivers, this step can be skipped. 

If there is doubt regarding this step the database administrator should be consulted. 

• In the “ODBC Microsoft Access Setup” dialog box, click Select. The “Select Database” 

dialog box appears (Fig. 5). 

• Specify the database to be used. For the FCC data source, select C:\BD_FCC3\ 

FCC3.mdb. 

• If the database is on a system to which PC is connected: 

Click Network in “Select Database” dialog box. The “Map Network Drive” dialogbox 

appears. Specify the directory containing the database to be used. Click Finish. The 

“Map Network Driver”, then is closed. 

• Click OK to close the “Select Database” dialog box.  

 

 

 

 
 

Figure 5. Select database dialog box. 
 

 

 

viii. In the “ODBC Microsoft Access Setup” dialog box, click OK. The “ODBC Data Source 

Administrator” dialog box now displays the FCC data source in the User DSN tab. 

 

ix. Click OK to close the dialog box. 

 

 

2.2.4. Visual query builder (VQB) 
 

Visual Query Builder (VQB) is the main tool of the Database Toolbox. It is a GUI (Graphic 

User Interface) of easy use and that accomplishes changes of data between the database and 

the program Matlab. The VQB obtains data of a database and it stores them in a "cell array" 

of the Matlab, such that is possible to process the data using the suite of equations of the 

Matlab. With VQB, is possible the visualization of the information obtained in relational 

tables, reports and graphs. The tool VQB can also be used to export data of Matlab for new 

lines (registrations) of the database. In this work, VQB of the Database Toolbox - version 

3.4.1 (Matlab R2008a) was used.  

 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

2.2.4.1. Getting started with visual query builder (VQB) 

 
To begin Virtual Query Builder, enter with the command "querybuilder" in "MATLAB 

Command Window". Then, VQB is opened (Fig. 6). When VQB is begun, all of the fields are 

in white, with the exception of "Dates Source". This field lists the sources of data that were 

defined in Configuration of the Data Source (section 2.2.3). As example of use of the VQB 

tool, an import of the data for Matlab is described below section (2.2.4.2): 

 

 

2.2.4.2. Import of data with VQB 

 

i. Select data of a database, giving a click in the button "Select" below "Date operation" 

(Fig. 6). The data sources that were defined previously will be visualized. Our data source 

FCC is in this list. 

 

 

 

 
 

Figure 6. Initial phase of the import of data with VQB. 
 

 

 

ii. Select "FCC" as the data source whose data will be transferred. After the selection of the 

data source, the values of the fields "catalog", "Schema" and "tables" are visualized (Fig. 

6). 
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iii. Accept the values < default > for the fields "Catalog" and "Schema". The configuration of 

those fields for those values means that there is no specification for "Catalog" or 

"Schema". 

 

iv. In the list of "Tables", select "Med_par_nov10_2c3" as a table that contains the data 

requested for the import. The list of "Fields" (columns names) of this table, then it is 

visualized (Fig. 7).  

 

v. In the "Fields'" list, select "Cod_Medidas", "Pres_Sistema", "Pres_Ini_Riser" and 

"Pres_Final_Riser" as the fields that contain the data chosen for the import. VQB adds 

each field selected for the query in the field "SQL statement". The columns 

Cod_Medidas, Pres_Sistema, Pres_Ini_Riser and Pres_Final_Riser correspond to the 

order of measures, to the pressure values of the system, to the pressure values in the 

entrance of Riser and to the pressure values in the exit of the riser, respectively. 

 

 

 

 
 

Figure 7. Last phase of the import of data with VQB. 

 

 

 
vi. Enter with the name "A" in the field "MATLAB workspace variable”. “A” is a cell array 

that stores the data that the query returns of the database (Fig. 7).  
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vii. Click in the button "Executes" for the execution of the query and to import the data. The 

field "Data" shows the information on the result of the query (Fig. 7).  

 

viii. Double-click “A” in the “Data” area. The contents of “A” appear in the “Variable 

Editor”(Fig. 8), where the data can be seen and edited. In this example, a part of the table 

Med_par_nov10_2c3 (only the first 10 values) regarding to the measured pressures in the 

operation of the unit FCC was transferred of the database for the program Matlab. The 

contents of the variable "A" also can be seen with the entrance of "A" in "MATLAB 

command window". The Fig. 9 illustrates this procedure. In the order of the left for right, 

the columns of the Fig. 8 and Fig. 9 are the same described in this section (letter "v" 

above) 

 

 

 

 
 

Figure 8. Values of the variable “A” in the “variable editor”(Matlab 2008a). 

 

 

 

 
 

Figure 9. Values of the variable “A” in matlab command window (Matlab2008a). 
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3. RESULTS 
 

An important step in this work was the analysis of the variables of the FCC process using the 

normalization process of relational database. This allowed the fixation of just a relation 

(table) to represent our database, not having the need of several correlated tables. The 

Relation 4 represents this table in the annotation of Relational Model. This relation doesn't 

contain the attribute (column) "Dif_Pressao", being, therefore, an optimized version of the 

relation 3 (section 2.2.1) A report that represents a sample of data of the FCC process stored 

in the referred table is shown in the Table 1 

 

Medidas_Parametros={Cod_Medida, Pres_Sistema, Pres_Ini_Riser, Pres_Final_Riser,  

                                     Vazao_Ar,  rpm_Motor_inj,  Density} 
(4) 

 

Where: “Medidas_Parametros” is the title of the table and the expressions among keys are the 

titles of the fields (columns). The underlined (Cod_Medida) field is the primary key of the 

relation. 

 

 

 

Table 1. Measured pressures of the FCC process. 

 

Cod_Medida Pres_Sistema 
a 

Pres_Ini_Riser 
b 

Pres_Final_Riser 
c 

1 2.9830 0.9130 0.6670 

2 2.9700 0.9070 0.6650 

3 2.9550 0.9040 0.6590 

4 2.9400 0.9150 0.6660 

5 2.9340 0.9220 0.6690 

a. kgf/cm
2
,   b. in H2O,   c. in H2O 

 

 

 

The interface between the database and the Database toolbox, through the communication 

drivers ODBC, allows to the user to access our database from of Matlab. This is an important 

die, because the use of this interface creates several possibilities of use of the data for Matlab. 

The programs DBMS (MS-Access) and Database toolbox plus the database define a database 

system of the type server/client, both in the same computer. 

 

The manipulation of the database for Database toolbox allows the creation and application of 

queries several and the execution of operations several, as for instance: research of data, to 

import and to export data, to save and to load the queries, reports, etc. On the other hand, the 

users don’t need a lot of knowledge on SQL (Structured Query Language) for the 

communication with the database. This is done by the VQB tool of Database toolbox.  
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4. CONCLUSIONS 
 

The developed database can be applied to the process of FCC in study. The communication 

of the database with the Matlab software makes possible a better application of the obtained 

data. The use of the data for the Matlab software allows the determination of the process 

variables, statistical treatment and manipulation of the data, as well as the application of these 

data in mathematical modelling. On the other hand, the communication of this database 

system with the acquisition system of data of the unit FCC needs to be optimized. It is 

necessary that the connection with this system is on line. This is possible with the use of a 

program that works as interface (driver) between DBMS of the database and the acquisition 

system of data of the unit FCC. Resolved this problem, the database will have larger speed in 

the storage, reducing the total time of data processing. After the optimization, the database 

system can be applied in the pilot unit of FCC that is being installed now.  
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