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ABSTRACT 

 
The CARPT technique is a non-destructive test that uses a radiotracer in the form of a single particle to 

determine patterns of fluid displacement or to develop numerical models for multiphase dynamic 

systems. Through it, velocity profiles of fluids or even concentration profiles of a phase can be visualized 

and the diagnose of phenomena in industrial processes related to fluid dynamics can be performed (e.g. 

recirculations, eddies, segregation zones or diffusivities ).  In this work, spherical shaped particles 

composed of polymethyl methacrylate (PMMA) and lanthanum oxide, about 0,2 mm in diameter, 

were obtained. They showed a satisfactory behavior in water after they had been dried for 24 h.  In this 

manner, the synthesized spheres with a mean density of 1003,2 ± 0,1 kg/m
3
, containing a lanthanum 

oxide fractional mass of about 5 %, are prompt to be tested as a new type of radioactive tracer particle. 
 

 
 

1.  INTRODUCTION 

 
1.1 The CARPT Technique 

 

 
 

The Computer Automated Radioactive Particle Tracking is a non-invasive technique that uses 

a radioactive tracer inside a single microsphere, whose diameter is no longer than 1mm, with 

physical properties similar to the solid or liquid phase that is being investigated.   This 

experimental technique is useful to acquire the velocity field or the mixing information in 



INAC 2013, Recife, PE, Brazil.  

liquid-solid, gas-solid, gas-liquid, and gas-liquid-solid systems and is well suited to validate 

CFD codes or to develop a reactor model. In addition to the behavior of the phase’s 

displacement patterns, it is possible to prevent unwanted phenomena in industrial processes, 

the same as recirculation, or segregation [1]. 

A new CARPT method has been developed at the Nuclear Engineering Institute that 

considers a physical model for the industrial unit and it is supported by a special software to 

evaluate the particle's position at a given time [1]. 

To estimate the effective capacity of a radioactive particle tracking method in a test, previous 

researchers have verified that the dimensions of the radioactive particle have a great influence 

on the drag coefficient during its movement in the medium under investigation. [2]. 

The goal of this research is to find a route to synthesize particles that are small enough to 

be used as radioactive particle tracers in several CARPT applications like the model 

validation of the water recirculation pattern in the swimming pool of the Brazilian 

multipurpose reactor project (RMB project). 
 

 
 

2.  METHODOLOGY 
 

2.1. Materials 
 

 

The initiator (benzoyl peroxide, BPO, 99%) was supplied by Fluka (Seelze, Germany), the 

suspending agent polyvinyl acetate (PVA), with weight-average molar mass of 85%, the 

metyl methacrylate (MMA) and the solvent ethyl acetate were purchased on Vetec Fine 

Chemistry (Rio de Janeiro, Brazil) with a low amount of impurity (99,9%).  The lanthanum 

oxide powder was synthesized with a high purity (99,99%) at the Nuclear Engineering 

Institute Chemical Department (Rio de Janeiro, Brazil).   All chemicals, but water, were used 

as received and without further purification. 
 

 
 

2.1. Experimental Unit 
 

 

PMMA-La2O3 /PVA core/shell particles were synthesized in a one-stage process. According 

to this process,, a solution of polimetilmetacilate, ethyl acetate and lanthanum and another 

solution of water and PVA were prepared.  Next, both solutions were immersed in a mini 

reactor to produce the core/shell PMMA-La2O3 /PVA particles.  The experimental unit that 

was used for the reaction is viewed at Figure 1. A suspension polymerizations was carried out 

at atmospheric pressure [4]. 

 
2.1.1 Suspension polymerization in the mini reactor 

 

Previously, solutions of different concentrations of organic solvents and inorganic 

compunds were checked  in order to manipulate the final density of the produced particles. 

The solvents that were tested, pentane, hexane and acetone, have particular problems [4] 

and  the most important effects on the density of the final polymer particles were observed 

when ethyl acetate was used as solvent. The reaction was carried out in a 100 ml jacketed 

glass mini reactor at 60 
0
C, with a total organic load of 5wt%, under water. 
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Figure 1: The mini reactor. 
 
Initially, the mini reactor was loaded with demineralized water, containing the specified 

amount of suspending agent (PVA). Next, a solution containing the desired amounts of 

initiator (BPO), monomer (MMA), the inorganic compound (La2O3)  and an organic solvent 

was added into the vessel.  Then, the reactor was closed and the system was kept under 

isothermal conditions (22
0
C ) with a constant agitation of 900 rpm during 600s, with a reflux 

condenser connected to a cold bath that had a mixture of water and glycol ethylene. This 

apparatus permitted that only a negligible amount of MMA was lost during the 

polymerization reaction.  After 1h of reaction at 60
0
C and 900 rpm, the agitation was 

reduced to 200 rpm and the temperature was reduced to 21.4 
0
C during 300 s and a good 

encapsulation of the particle´s core with PVA was achieved.  Finally, the reactor vessel was 

removed and the particles that were produced during the reaction were dried during 24 h 

under atmospheric pressure and ambient temperature. The basic polymerization recipe is 

presented in Table 1. 
 

 

Table 1: Substance amount 

 
polyvinyl acetate - PVA 2 g 

demineralized water 95 g 

metyl methacrylate - MMA 5 ml 

benzoyl peroxide -PBO 2 ml 

lanthanum oxide - La2O3 0,2 g 

ethyl acetate 2 ml 
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3.  RESULTS 

 
A batch of 342 microcapsules was selected from all particles formed after the dry process, as 

seen at figure 2. Next, the mean density of the particles was measured using a picnometer 

and the particles were characterized through the fluorescence technique and X-ray difraction. 

The mean value of the particle´s density that was found is 1003,2 ± 0,1 kg/m3 and the mean 

composition of the particles are presented in table 2. 

 
Table 2: Mean composition of the particles 

Analyte Result Standard deviation 

C 92.601 % 8.590 

La2O3 5.414 % 0.029 

SO3 1.222 % 0;053 

CaO 0.375 % 0.005 

Al2O3 0.353 % 0.016 

Fe2O3 0.019 % 0.003 

CuO 0.013 % 0.002 

SrO 0.004 % 0.001 
 
 
 
 

 

 
 

Figure 2: Microcapsules resulted at the end of the reaction 
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3. CONCLUSIONS 

 
Fortunately, a successful route to produce the CARPT particles was found and the next step 

is to irradiate the particle with the most suitable water tracer properties in a nuclear reactor 

facility so that it can be used as a radioactive tracer in the brazillian multipurpose reactor 

project (RMB project ). 
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