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ABSTRACT 

 
Nuclear techniques of gamma transmission and radioactive tracer were used to estimate the catalyst circulation 

rate in a cold flow pilot plant unit of Fluid Catalytic Cracking (FCC). Catalyst circulation rate in a FCC unit, 

allow to determine operating conditions of the exchange catalyst and inlet data for fluid dynamic simulation 

computational program. The pilot unit was fabricated obeying geometrical parameters provided by the Petrobras 

Research Center (CENPES), based on hot pilot units to existing in that center. The cold flow pilot unit has a 

transfer line, two separation vessels flash type, a return column, a riser and a regenerator. The vertical sections 

as riser, return column, regenerator column and transfer line are made of transparent material (glass). The two 

separation vessels have bases with tapered cylindrical shapes and are made of steel plates. The riser is divided 

into four sections of different diameters (0.005 m, 0.010 m, 0.018 m and 0.025 m) and rising upwards, to 

simulate the increasing flow rate caused by the increase of volume with the increase of the number of moles due 

to molecules breakage. The radioactive tracer used was the catalyst itself (intrinsic tracer) irradiated by neutron 

activation, yielding the radioisotope 
59

Fe. The velocity measurements were also obtained with aid of an 

electronic clock triggered by certain radiation levels across the two detectors. Besides estimates for the catalyst 

circulation rate was possible to identify the type of flow relative to the catalyst in return column. 
 

 

1. INTRODUCTION 

 

In the investigation of parameters that govern the flow in a fluidized bed reactor, has been 

observed rapid progress by the use of sophisticated techniques and instrumentation [1], 

almost always on a laboratory scale. For industrial processes, such instruments are not 

adequate and in case of FCC reactors, simulation laboratory scale and hampered by their 

typical operating conditions. 
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Working with simplified models and using nuclear techniques, methods were developed to 

measure the speed and density of the fluidized catalyst systems [2] - [4]. The measures 

instrumental was characterized by simplicity. Indirect measurements are performed in 

segments with greater speed, by carrying out direct measurements the movement where it 

was more convenient for the detection of tracer. Direct measurements are the velocity and 

density of catalyst made in the compressed portions of the flow. These data were correlated 

with density measurements performed in the high-speed stretch, resulting in a velocity profile 

of the catalyst. 

The combination of technical measures density (attenuation-) and velocity (radioactive 

tracer) was a significant step in determining the circulation time of the catalyst in FCC units. 

For example with measures of these parameters and the knowledge of the cross-sectional area 

of the passage of measures, was calculated the rate of circulation and the catalyst average 

transit time. 

 

In this work, for application of the method in the FCC pilot plant, was built a cold flow pilot 

model. A diagram of the functioning of this model was obtained by combining the data 

relating to velocity, density and circulation time of the catalyst. The flow velocity and density 

of the catalyst were correlated, offering a profile of circulating catalyst. This profile was 

obtained within the range of variation of a parameter directly controlled, as the flow at a 

given point in the model. For obtaining that diagram functioning, were also studied 

modifications to be incurred by the method, able to adapt it to a real unity, taking into 

account the temperature, material structure, point of tracer injection, etc. 

 

The diagram obtained obviously not be a simulation of a pilot FCC, although for some 

parameters that are independent of cracking reactions, such as density and circulation time, 

the comparison of data to be valid. Therefore, if the measures taken in a FCC unit, the 

diagram obtained by the method proposed here is a simulation of a refinery industry [5].  

 

 

2. MATERIAL AND METHODS 

 

2.1.  Experimental Setup 

 

The construction of a cold flow pilot model (Fig. 1) offered among others advantages: low 

cost, observation of significant effects on runoff, the use of transparent materials in its 

construction [6]. With the help of air flow (gas phase), the cracking catalyst (solid phase) is 

brought to the tops of the model (the reactor vessel and regenerator vessel), where these 

phases are separated by gravity. To obtain a behavior model cold closest to the pilot hot 

components are geometrically similar to a FCC. Their air flow rates are calculated based on 

the actual flow of a pilot (water vapor, N2 load, etc.), some important effects in the flow as 

the use of a mixing chamber to the gas phase in the solid base and riser fluidization column 

above the catalyst regenerator seal have also been taken into consideration [7] - [8]. The 

CFPM riser has a format of the variable diameter for to simulate an volume increase due to 

cracking reactions. 
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Figure 1: Cold flow pilot model (CFPM) 

 

 

The suspension of cracking catalyst and compressed air ascend through the riser and 

separating at the top of a chamber flash type. Through the regenerator was installed a probe 

type which feeds air to facilitate the flow of catalyst returns to the riser. The retained catalyst 

return for the CFPM base through a duct called stripper. Then is taken to the top of the model 

by a transfer line and returns to the bottom of the riser by seal regenerator. The end point of 

the probe is located above the seal regenerator to improve the catalyst flow for the riser with 

aid of air flow rate. 

2.2.  Density and Velocity Measurements of the Catalyst  

 

Was used a source- of 241-Am and a detector of NaI(Tl) positioned symmetrically in 

relation to the diameter of the regenerator cross section. The density measurements were 

initially carrying without and then with catalyst flow. The measurements were performed, 

varying the air flow rate of the catalyst fluidization above regenerator seal, settling all other 

air flow rate. Such conditions were repeated to another fixed value of the air flow rate at the 

riser. 

 

The catalyst density in the regenerator was calculated according to Xiao-Bo, Zhu and Wei-

Xing [9]:  
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p  - specific mass of the catalyst particle, kg/m
3
 

  - catalyst volume fraction, - 

p =  coeficiente de absorção mássico m
2
/kg 

iD  = diâmetro interno do riser,  m 

Iv e If = as  intensidades da radiação gama no tubo vazio e com fluxo de catalisador, 

respectivamente, cpm 

The velocity of the catalyst was measured by determining the transit time, which is obtained 

by measuring the transit time of the catalyst at two fixed points along of the regenerator. The 

technique used for labeling method was to irradiate a portion of the catalyst in a neutron flux and 

induce the necessary activities (intrinsic tracer).  Radioisotope 
59

Fe (E - 1,292keV; T1/2 - 45 d) was 

produced by exposing suitable target materials to the neutron flux in a nuclear reactor (IPEN-SP) for 

an appropriate time. For measurement of radioactivity was utilized two detectors placed along 

of the regenerator. A layout diagram of the equipment for measuring the transit time is shown 

in Figure 2. Two NaI(Tl) detectors were adjusted at regenerator. Associated electronic 

equipment containing amplifiers, energy discriminators and sources of high voltage, 

comprising the detection system.  

 

An electronic clock was inserted in the detection systems to measure and record the transit 

times. The radioactive tracer is injected and passes in front of the detectors. The gamma 

radiation emitted reaches the detectors through a well-defined geometry with help of lead 

collimators and electronic clock and triggered by an on-off command. Above a given activity 

rate in the first detector watch league and off the second clock. With the help of a 

multichannel analyzer, one multiscaller was used to evaluate the performance of the clock. In 

multiscaller, frequency signals coming from the detector are converted into voltage pulses, 

proportional to the frequency and stores the source - channel in the memory. 

The velocity with which voltage pulses are stored depends on the time constant (no channel) 

with the light source moves on the screen of the analyzer.  

 

 
 

Figure 2: Schematic of the detection and register systems 
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The time constant can be adjusted to provide the focus such a rate that the passage of the 

tracer in front of the two detectors may give rise to voltage pulses. These pulses are stored 

into the channels contained in the analyzer. As result, two peaks obtained and can be fixed on 

the screen of the analyzer and then printed with aid of a computer program. 

 

Four tracer injections were performed, each containing 1 gram of radioactive intrinsic tracer. 

The peaks were obtained through multiscaller whose data output provides a table with the 

number of channels for activity. With these data, was constructed by a program in the Matlab 

software. The average transit time of the intrinsic tracer was determined with aid of the mass 

centers of the peaks, and of the distance to the average transit time by the relationship: 

 

     Lkt                                                                         (2) 

  

Where: 

t - average transit time, s 

k - time constant of the multi-scaller, 0.04 s/channel 

L  - distance between the centers of mass of the peaks given in the number of channels, - 

 

 

 

3. RESULTS AND DISCUSSION 

Was performed measurements of the transit time and density of the intrinsic tracer in the 

CFPM regenerator for to calculate the catalyst circulation rate. During the runs it was setting 

an air flow rate of 180L/h trough the riser.  

 

Table 1 presents transit time values recorded simultaneously by electronic clock and the 

multiscaller for a air flow rate in the riser of 180L/h, at different air flow rate above seal 

regenerator. In the case of multiscaller calculations were performed with aid of techniques 

involving maximum points and centers of mass of the tracer peak. As was expected the air 

flow rate above the seal regenerator increases with the uncertainty in velocity measurements 

of the intrinsic tracer.  

 

 

 

Table 1: Average transit time values obtained with aid of electronic clock 

and multiscaller for a air flow rate in the riser of 180L/h 

 

 

Run 

Electronic 

clock time (s) 

Multiscaller time (s) 

Maximum 

point (s) 

Mass center 

(s) 

1 18.9 18.8 18.9 

2 18.4 18.2 18.7 

3 18.8 18.0 19.0 

4 18.2 18.0 18.5 

Average time (s) 18.6 18.3 18.8 

Uncertainty (%) 1.8 2.0 1,2 
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Figure 3 shows values of catalyst density in the regenerator for different air flow rate above 

regenerator seal. Each density value is an average of four measurements. An increasing of the 

air flow rate above the seal regenerator results in a decreasing of  catalyst density. The 

measurement density uncertainty is proportional to air flow rate since the catalyst bed 

becomes more porous. 

 

 

 
 

Figure 3: Catalyst density in function of the air flow rate above  

regenerator seal for riser air flow rate of 180L/h 

 

 

The computer program developed to calculate the catalyst circulation rate associated the 

values of transit time and density catalyst in the regenerator model. Allowed that this 

circulation rate was observed through graphs according to other parameters control the 

operation of the model. Figure 4 shows the behavior of the catalyst circulation rate  in 

function of the air flow rate above the regenerator seal. This air flow appears as a parameter 

very important to circulation conditions of the catalyst in the CFPM. The direct 

proportionality between these parameters is presented as a possible strategy for controlling 

the circulation time of the catalyst in the model.  
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Figure 4: Catalyst circulation rate in function of the air flow rate above  

regenerator seal for riser air flow rate of 180L/h 

 

 

3. CONCLUSIONS  

 

Join cold model made of transparent material and nuclear techniques for flow measurements 

of solids seems to compose a excellent strategy to obtain information about fluid dynamics 

parameters in cold flow model. The low cost to build this type of structure and the possibility 

to observe the behavior of the flow encourages the use of this combination of techniques for 

structure at larger scales. 

 

To obtain a variation in the rate of catalyst circulation through the regenerator seal in the cold 

flow pilot model, was used a variation of the air flow. However, a pilot plant FCC has other 

control parameters such as, for example, temperature. These parameters may be used to 

obtain a diagram corresponding to the requirements of information on the operation of FCC 

unity. 
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