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1. Introduction 
 

Corrosion products in the secondary-side systems of 
pressurized-water reactors (PWRs) can be deposited on 
steam generator (SG) tubes. In order to inhibit the 
deposition of corrosion products on the surfaces of SG 
tubes, dispersants, which are generally negatively 
charged polymers, are used to solve this problem. One 
of the most well-known dispersants for metal oxides is 
a poly (acrylic acid) (PAA) [1,2]. For PWR plants, 
systems are particularly sensitive to water conditions 
due to the risk of corrosion. As a result, it is important 
to confirm the polymeric solutions and their 
suspensions for preventing deposition of the corrosion 
products onto the PWR systems.  

In this study, we investigate the effects of solution 
pH, and molecular weights and concentration of PAA 
on the stability of magnetite suspensions.   
 

2. Methods and Results 
 

2. 1 Materials and Test Procedure 
 
    Magnetite nanoparticles, PAA (SIGMA-ALDRICH, 
USA) were chosen for this study. For convenience, the 
PAA with a molecular weight of 1,800 is denoted in 
this paper as PAA18, while the PAA with a molecular 
weight of 250,000 is represented by PAA25. For 
sedimentation tests, the suspensions were prepared, as 
follows. The pH of 100 ㎖ deionized water (>17 ㏁·㎝) 
was adjusted by adding ETA solution. Next, either 1 ㎖ 
of 100 ppm PAA18 or PAA25 was added to the above 
solutions, followed by magnetic stirring. After one-day 
equilibrium, magnetite particles were added to the 
above solutions and then the solutions were sonicated 
for 15 min. Transmittance of the suspensions was 
determined by using a dispersion stability analyzer [3]. 
For a visual observation, behaviors of the suspensions 
were observed every day. Transmission electron 
micrographs (TEM) were measured to identify the 
morphology of dispersed particles.  
 
2. 2 Dispersion Behaviors of Suspensions 
 

The relative concentrations of COOH and COO- 
groups in aqueous solutions with PAA18 as a function 
of pH were measured. As the COOH groups are ionized, 
many negatively charged groups along the polymer 
backbone repel each other, which leads to a 
conformational change in solution and has an influence 

on efficiency of the PAA [4]. In order to minimize the 
variation in pH values of the testing solutions, 0.005 
wt% magnetite particles and 1 ppm PAA were adopted 
to prepare the suspensions. When the magnetite 
nanoparticles were mixed with PAA solutions, the 
solutions became turbid by sonication. For the 
suspensions with PAA18 and PAA25, lots of magnetite 
particles aggregated and then settled down in a day. 
This is because there was not enough PAA to adsorb 
onto the particles, which promotes a flocculation.  

 
 

 
 

 
 
 
 
 
 
 

 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Plots of % transmittance measured with 
suspensions (0.005 wt% magnetite, pH 9.0, conc. 0.01, 
0.1, 1, 2ppm) containing (a) PAA18 (b) PAA25 as a 
function of time.  
 

The effects of the concentrations are shown in Fig. 1. 
The stability of the suspensions increased as the 
concentrations of PAA increased at pH 9.0, which 
indicates that more COOH groups were ionized, and 
that more adsorption occurred. The particles in the 
suspensions that had 0.01 M PAA 18 and PAA25 
agglomerated and then settled down quickly. The 
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amount of PAA was too low to adsorb onto the 
particles (0.005 wt%), which led to a bridging 
flocculation and then deposition.  

The dispersion stability decreased as the pH 
increased in the following order: in pH 7.7, pH 9.0, pH 
9.2 solutions. By comparing the data, the suspensions 
with PAA18 are more stable than those with PAA25. 
During the one-day equilibrium, many ionized COO- 
groups bonded with the NH3

+ groups of ETA. As pH of 
the solutions increases, the concentration of NH3

+ 
groups in ETA also increases.  

Figure 2 shows a TEM image of the particles in the 
suspension prepared with PAA25 at pH 9.0 in 210 days. 
By visual observation, all of the particles were 
aggregated and deposited. However, a few dispersed 
particles were observed by TEM. The size of the 
particles was between 50 and 100 nm, which is smaller 
than the particles observed in the suspension prepared 
with PAA18. The particles in the above suspensions 
formed a bridging flocculation between 3 and 4 
particles. From this study, it is suggested that PAA18 is 
useful in suspending the particles for a long time, 
whereas PAA25 can be applicable to systems where 
suspensions are removed continuously for a short 
period of time.    

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. TEM images of magnetite particles obtained for 
suspensions with PAA25 after 210 days. 

 
 

3. Conclusions 
 

Aqueous suspensions with PAA18 were more stable 
than those with PAA25 at room temperature. The 
stability of the suspensions increased as the pH and  
concentration of PAA18 and PAA25 increased. The 
particles dispersed in suspensions were sustained for 
more than 300 days.  
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