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Fig. 1. Generator of monodisperse droplets 

 

 

The source of mechanical vibrations 2 by means of the elastic membrane 4 creates 

periodically changing pressure on the surface of the liquid, which leads to the periodic 

coalescence and breakup of the menisci formed at the output ends of the capillary tubes 3. (Fig. 

2. a,b,c,d,e). With the reverse flow of liquid through the capillary tubes 3 the meniscus decreases 

and a filament is formed (Fig.2.d) which breaks up in the zones of instability .The liquid filament 

(satellite droplet) due to the surface forces takes a spherical form and falls at a certain initial 

velocity depending on the cutting angle. The droplet size dependence on the distance between 

atomizer nozzles for capillary diameter 600D mcm=  and generation frequency 15f =  is 
shown in the graph in Fig.3. 

 
 

Fig.2. Principle of droplets generation 
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Fig.3. The droplet size (d) dependence on the distance (L) between atomizer nozzles 

 

3. Solid particles 

To obtain solid particles (micro crystals), various solutions of water-soluble crystals 

3( , , ,  etc.)NaCl LiIO KDP  are used. 

Crystallization of the generated droplets is carried out using the dry technology by 

evaporation [2] of the initial droplets in the crystallization chamber (a glass tube with 

controllable conditions of relative humidity and temperature inside). 

The process of sold particles formation from the initial droplets is schematically shown in 

Fig.3. (a-e) 

Inside the glass tube the particles move vertically with the sedimentation velocity. 

Simultaneously the evaporation of the solvent (water) takes place until the saturation of droplet 

solution is achieved after which the process of formation of crystal particle begins. Due to the 

droplet motion the evaporation intensity becomes higher in the front zone of droplet since the 

relative humidity is lower here that means that the concentration of solution is higher in this zone 

and the nucleation starts (most probably) just in the front zone of the droplet and the crystal 

particle grows [6] in the shape illustrated In Fig.4.e.The photographs of crystal particles of 

NaCl  and 
3LiJO  are shown in Fig4 a,b. 

 
 

Fig.4. Schеmatic of solid particle (NaCl) formation 
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Fig.5 a, b Photographs of crystal particles NaCl and LiJO3 

 

4. Particle size measuring 

The diffraction pattern observed on the screen (Fig. 6) is the result of a superposition of 

diffraction from the large number of individual obstacles (micro crystals) chaotically spread on 

the glass plate. The nature of the intensity distribution in each ring depends on the diameter of 

the beam, the size of the micro crystals, and their bulk shape. 

Since the laser beam has a negligible small angle of divergence, we can assume that the plate 

is illuminated by a practically parallel beam of light. 

If a large number N  of micro crystals enters the beam region, the intensity of diffracted light 

is N times greater than the intensity created by a single particle. Since the diameter of the laser 

beam is very small, all particles that are in this region give very close-up diffraction patterns on 

the screen, a system of alternating wide light and dark concentric rings. 

 

 

 
 

Fig.6. Diffraction pattern 

 
 
 

 

Fig.7. Particle size determining scheme 
 

In the case of Fraunhofer diffraction the calculation formula for determining the particle size 

d  can be written as 
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where 
iD  notes the diameter of i − th ring, b is the distance between sample and screen,  −  

light wavelength, k  takes the values 1.22; 2.22; 3.24− for odd dark rings ( 1,3,5)i =  and 

1.64; 2.70; 3.72− for even light rings ( 2,4,6)i = , respectively. 

 

5. Periodic structures  

In order to create periodic distribution of particles on the substrate, masks with different size 

and periods of holes were used (Fig. 8) Masks are mounted directly on the surface of the glass 

plate, and particles (micro crystals) passing through the holes are distributed on the substrate 

along the corresponding micro-holes. However, the role of the mask is not limited only to the 

function of mechanical separation of particles. They are also used to create a temperature 

gradient inside the micro holes (by heating), and the particle falling into the hole region, under 

the influence of thermophoretic forces [3] moves to the central region of the cell. The mask is 

heated by a diode laser beam. Photographs (Fig. 9 and Fig. 10 ) show the results of applying of 

the mask. Laser beam diffraction pattern from this structure is shown in Fig.11.   

 

 
 

Fig.8.  Mask 

 
 

Fig.9.Periodically arranged groups 

of particles 

 
 

Fig.10. 

 

 

 
 

Fig.11. Difraction pattern from the periodic structure in Fig.10   



Generation of Monodisperse Particles || Armenian Journal of Physics, 2020, vol. 13, issue 3 

315 

 

 

 

Acknowledgments  

The authors of the present work would like to thank   A.K. Atanesyan and the staff of the 

laboratory of crystal growth IAPP NAS RA, for assistance.   

 

Conflict of interest 

There is no conflict of interest 

 

Author contributions 

 

S.H. Harutyunyan invented and developed the method of monodisperse droplets generation, 

constructed the laboratory device; L.E. Khachikyan and G.A.Harutyunyan performed 

experimental investigations.  

 

References.  

 

[1] Shin-ichi Shimasaki1and shoji taniguchi1 formation of uniformly-sized droplets from capillary jet by 

electromagnetic force Seventh International Conference on CFD in the Minerals and Process IndustriesCSIRO, 

Melbourne, Australia  

[2] R Hołyst1, M Litniewski, D Jakubczyk, K Kolwas, M Kolwas, K Kowalski, S Migacz, S Palesa and M 

Zientara.Evaporation of freely suspended single droplets: experimental, theoretical and computational 

simulationsRep. Prog. Phys. 76 (2013) 034601 (19pp) 

[3] Kathleen De Bleecker and Annemie Bogaerts Role of the thermophoretic force on the transport of 

nanoparticles in dusty silane plasmas PHYSICAL REVIEW E 71, 066405 s2005d 

[4] Benjamin Y.H.Liu, Francisko J.Romay, William D.Dick, Keung-Shan Woo, Mihai Chiruta. A Wide-Range 

Particle Spectrometer for Aerosol Measurement from 0.010 μm to 10μm. Aerosol and Quality Research, 

10;125 139,2010. 

[5] Gunter Brenn, Krassimir Danov. The formation of satellite droplets by unstable binary drop collisions. Physics 

of Fluids. September 2001. 

[6] A.A. Hovhannesyan, G.K.Grigoryan and A.K.Atanesyan. Growth of profiled single crystals of lithium iodate 

using a shaper from polimer nanoparticles, Journal of Contemporary Physics (Armenian Academy of Sciences) 

2008, Volume 43, Number 5, Pages 251-253. 

 

 


