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Abstract 
 

   The main theme of this research was to synthesize silver iodide nanoparticles using a spinning 
disk reactor (SDR), which is a type of high-gravity equipment. The centrifugal force was used to 
produce extremely thin film on the surface of a rotating disk. The waves and ripples generated on the 
disk surface enhanced the mixing intensity and mass-transfer rate and thus shortened the reaction 
time. The reactants were AgNO3 and KI, and the protecting agent tested was polyethylene glycol 
(PEG). The reaction was carried out in a spinning disk reactor by injecting two streams of AgNO3 and 
KI solution continuously. The reaction time was less than 1 min, which was considerably shorter than 
the conventional wet chemical process using a batch stirred vessel. The effects of various operating 
variables, including the concentration of AgNO3 and PEG, and rotation speed of disk, on the particle 
size and yield of silver iodide were investigated. 

1. Introduction 
The AgI nanoparticles have unique optical, eletrical and catalytic properties that make it useful 

in industial applications. The common methods for preparing AgI nanoparticles include revese 
microemulsion and reactive precipitation in a batch reactor. Each method has its own disadvantages. 
The microemulsion technique is inadequate to apply in industry due to low production rate and high 
cost. The reactive precipitation method is difficult to obtain uniform particles using batch stirred 
vessel because of the poor mixing efficiency. To overcome these problems, an efficient and cost-
effective method, the high-gravity equipment, has been developed. The reactor with a rotating disk is 
called a spinning disk reactor (SDR), in which a centrifugal force has replaced gravity force to spread 
the incoming streams and produce an extremely thin film on the spinning disk surface. Inside the thin 
film, intense turbulence generated by the spinning disk enhances the mixing efficiency and the 
frequency of collision between reacting molecules, leading to a reduction in particle size and reaction 
time [Cafiero et al., 2002]. In our laboratory, several compounds have been synthesized using the 
high-gravity reactive precipitation in the SDR, such as BaCO3 [Tai et al., 2006], Mg(OH)2. [Tai et al., 
2007], and Ag [Tai et al., 2008]. 

In this study, a reactive precipitation process proceeded in an SDR for producing AgI 
nanoparticles. The precipitation reaction was carried out in a spinning disk reactor (SDR) at ambient 
temperature in a continuous mode of operation. AgNO3 and a protecting agent, polyethylene glycol 
(PEG), were first dissolved in a aqueous solution. Then the solution was mixed with a KI aqueous 
solution in the SDR to precipitate AgI particles. The effects of the rotation speed, the concentration of 
reactants (AgNO3 and  KI), and protecting agent (PEG) on the size and yield of the AgI particles were 
investigated. 
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2. Experimental 
The AgI precipitation reaction can be written as the following equation: 

( ) ( ) ( ) ( )aq3saqaq3 KNOAgIKIAgNO +↓→+       (1) 

A schematic diagram of the experimental set-up for continuous operation is shown in Figure 1. 
The high-gravity equipment consists of a liquid feeding system (E), a spinning disk (F), and a slurry 
collection vessel (H). To start an experimental run, an aqueous solution containing AgNO3 and PEG, 
was placed in tank A (LA) and a KI aqueous solution in tank B (LB). Both solutions were continuously 
pumped at the same flow rate, 0.5L/min, onto the center of the spinning disk with a specific rotational 
speed. The two liquid streams mixed well with each other on the disk surface under a centrifugal force 
and the AgI were precipitated, and finally the slurry was collected in tank H. The reaction time was 
less than 1 min, which was shorter than the conventional recative method. The size distribution of the 
AgI particles was measured by a dynamic light scattering analyzer (Malvern, 3000HSA) using slurry 
samples. The product was separated from slurry by centrifugation and washed with deionized water 
and acetone. The centrifuged particles were air-dried to calculate the yield, which is defined as the 
amount of dried product divided by the theoretical amount of a complete reaction. The particle size 
and shape were examined by a scanning electron microscope (J-5600, Jeol, Japan). The morphology 
of product was analyzed by an XRD (MacScience, MXP-3TXJ-7266). 
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Figure 1: Experimental Set-up of the High-gravity Process for Producing AgI Nanoparticles 
3. Results and Discussion 
Effects of protecting agent (PEG) concentration 

In order to synthesize nanoparticles, the dosage of the protecting agent is crucial in the 
determination of particle size. In this study, the effect of protecting agent (PEG) concentration was 
investigated by keeping other variables constant: AgNO3 and KI concentrations were both 0.05 M; the 
rotation speed was 4000 rpm; the flow rates of LA and LB were both 0.5 L/min. The effects protecting 
agent (PEG) concentration on the yield and particle size are presented in Table 1 and Figure 2, 
respectively. 

Table 1 shows that the yield decreased in the absence of protecting agent. Without PEG, the 
yield was highest at 100%. While PEG was added, the yield was decreased to 80%. It was conjectured 
that the protecting agent reduced the frequency of collision between reacting molecules, thus 
decreasing the product yield.  

The SEM micrographs of the AgI particles from the SDR operated at a PVP concentration of 
0.0 g/L, 2.5 g/L, 5.0 g/L, and 15.0 g/L are shown in Figures 2(a), 2(b), 2(c)and 2(d), respectively. 
The AgI particles without PEG, shown in Figure 2(a), had a mean particle size of around 500 nm and 
a wide particle size distribution, while the AgI particles with the PVP concentration of 2.5 g/L, shown 
in Figure 2(b), had the smallest size around 200 nm with some agglomerates. When the PEG 
concentration increased to 15.0 g/L, the AgI particles agglomerated and increased in size. 
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Table 1: Effect of PEG Concemtration on Yield. Other Operating Variables Kept Constant are: 
LA=LB=0.5 L/min, [AgNO3]=[KI]=0.05 M, N=4000 rpm 

Run No. Concemtration of PEG (M) Yield (%) 
0402 0.0 100 
0401  2.5 80 
0924 5.0 71 
1018 10.0 78 
1020 15.0 77 

 

          
                                       (a)                                                                      (b) 

         
                                       (c)                                                                     (d) 
Figure 2: SEM micrographs of prepared AgI atVarious PEG Concentrations. (a) 0.0 g/L, (b) 2.5 
g/L, (c) 5.0 g/L, and (d) 15.0 g/L. Operating Variables Kept Constant are:  L1=L2=500 mL/min, 

[AgNO3]=[KI]=0.05 M, N=4000 rpm. 
Morphology of AgI particles 

The XRD analysis of AgI particles from run 0401 (in Table 1) presented in Figure 3 showed the 
characteristic peaks of crystalline silver iodide at (2θ) 22.3, 23.6, 25.3, 39.2, 42.6 and 46.3, which is 
for β-AgI. Numerous literatures reported that silver iodide usually exists as a mixture of two phases, 
β-AgI and γ-AgI, below 420K, and the XRD peaks overlap: 23.6, 39.2, and 46.3 for β-AgI and 23.7, 
39.1, and 46.3 for γ-AgI [Shaviv et al., 1989 and Wang et al., 2002]. Berry [1967] determined the 
relative amounts of β-and γ-AgI from measurements of X-ray intensities. Therefore, we probably 
obtain a mixture of β-AgI and γ-AgI at room temperature.  

 
 
 
 
 
 
 
 
 
 
 

E002-3 
 



The 1st International Seminar on Fundamental and Application   ISFAChE 2010 
of Chemical Engineering  November 3-4, 2010, Bali-Indonesia 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3: XRD Patterns of Synthesized AgI Particles of Run 0401 
 
Effects of reactant concentration 

In this series of experiments, the reactant (AgNO3 and KI) concentrations were varied from 0.03 
to 0.20 M. The concentrations of AgNO3 and KI were the same. Other fixed operation variables were 
indicated in Table 2, in which the yields were presented. When the reactant concentration increased 
from 0.03 to 0.20 M, the yield of AgI increased from 55% to 100%. The SEM micrographs of the AgI 
particles at a reactant concentration of 0.03 g/L, 0.05 g/L, 0.10 g/L, and 0.20 g/L are shown in Figures 
4(a), 4(b), 4(c)and 4(d), respectively. The particle size gradually decreased when the reactant 
concentration increased. A higher concentration of reactants resulted in a higher reaction rate that 
increased the supersaturation and the yield improved for the same reaction time i.e., the same 
retention time on the rotating disk. In general, higher supersaturation resulted in more and smaller 
primary particles. 
 
 
Table 2: Effect of Reactant Concemtration on Yield. Other Operating Variables Kept Constant 

are: LA=LB=0.5 L/min, [PEG]=5.0g/L, N=4000 rpm 
 
 

Run No. Reactant Concemtration (M) Yield (%) 
0926 0.03 55 
0924  0.05 71 
0331 0.10 94 
0327 0.20 100 

 
 
 
 

 
 

                     
                                         (a)                                                                     (b) 

E002-4 
 



The 1st International Seminar on Fundamental and Application   ISFAChE 2010 
of Chemical Engineering  November 3-4, 2010, Bali-Indonesia 
 

                    
                                         (c)                                                                     (d) 

Figure 4: SEM Micrographs of Prepared AgI at Various AgNO3 Concentrations. (a) 0.0 3g/L, 
(b) 0.05 g/L, (c) 0.10g/L, and  (d) 0.20 g/L. Other Operating Variables Kept Constant are: 

LA=LB=0.5 L/min, [PEG]=5.0g/L, N=4000 rpm 
Effects of rotation speed 

The effect of rotation speed was discussed by adjusting the rotation speed of the disk from 
500rpm to 4000 rpm as the other operating variables remained constant. The volume particle size 
distribution of AgI particles are presented in Figure 5. The experimental results showed two modes of 
the size distribution, implying that small portion of particles agglomerated to form larger particles in 
this process. When the rotation speed increased, the portion of large particles reduced. In general, high 
rotation speed favors higher micromixing efficiency, thus, a narrow size distribution can be obtained. 

 
 

  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Effect of Rotation Speed on the Volume Prticle Size Distribution. Other Operating 
Variables Kept Constant are: LA=LB=0.5 L/min, [AgNO3]=[KI]=0.2 M, [PEG]=5.0g/L 

 

4. Conclusion 
Silver iodide nanoparticles were successfully synthesized in a spinning disk reactor using PEG 

as the protecting agent. The reaction took place at ambient temperature and the reaction time was less 
than 1 min, which was considerably shorter than the conventional reactive precipitation method using 
a batch stirred vessel. In this study, the smallest average particle size is around  200 nm, under the 
following operation conditions: 0.05M for reactants (AgNO3 and KI) concentration, 2.5g/L for PEG 
concentration, 0.5L/min for flow rate, and 4000 rpm for rotation speed. 
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Nomenclature 
LA flow rate with an aqueous solution of AgNO3 and protecting agent (L/min) 
LB flow rate with an aqueous solution of KI (L/min) 
N  rotation speed of the spinning disk (rpm) 
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