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Fig.1-1 Annual trend and future prediction of world population 
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Fig.1-2 Annual growth rates (percent) of world cereal production and yields 
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Fig.1-3 3

3)  

 

 

Fig.1-3 Decrease rate of each crop when pesticide is not used 
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Table 1-1
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5)  

 

Table 1-1 Main purpose of agrochemicals formulations 

No. Objectives Description 

1 Improvement of handling and application 
Fundamental purpose 

To dilute using proper substances 

2 
Maximization of biological activity to 

reduce dose of active ingredient applied 

Efficacy depending on its formulation recipe 

and the physical and chemical properties 

To modify persistence on target 

3 Cover of weak points of active ingredients 

To maximize long term stability 

To improve the stability of active ingredients 

against light  phytotoxicity etc. 

4 
Improvement of safety during manufacture 
and application for human 
Reducution of environmental influence 

To reduce  toxicity  exposure  drift etc. 

To reduce waste and effluent of all kind 

5 
Laborsaving Formulation 
Functionalized Formulation 

Release control technology (Seedling box) 

1kg-granules 

Jumbo formulation (PVA-packing) 

RC-helicopter 

Extend patent life of active ingredients 
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Table 1-1

5
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Table 1-2 Classification of agrochemicals formulations 
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Fig.1-4 Development of Agrochemical Market by Formulation Type – Value 
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34) F. Zhou
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Fig.1-5 Schematic diagram of the cyclone with slit in the cone 
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Fig.1-6 Schematic diagram of the cyclone with rib in the cone 
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Table 1-3 Comparison of particle size measurement techniques 

 Image analysis Sieving Coulter Laser diffraction 
Dynamic light  

scattering 
Sedimentation 

Definition of measured 

particle size 

Equivalent diameter Equivalent diameter Equivalent diameter Effective diameter Effective diameter Effective diameter 

Circle equivalent 

Diameter etc. 

Circle equivalent 

Diameter etc. 

Equal volume sphere 

equivalent diameter  

etc. 

Diffraction scattering  

diameter etc. 

Dynamic light  

Scattering diameter 

Etc. 

Stokes diameter 

Input parameter Not required Not required Not required 
Refractive index of   

particle etc. 

Diffusion factor of  

particle etc. 

Density of particle  

etc.  

Measured physical  

quantity 

Projected area and 

 shape of one particle 

Number of pixels  

Weight of particles  

passing through mesh  

openings 

(Mesh of Sieve) 

One particle per piec

e 

volume 

Voltage  

Matches the diffractio

n scattering pattern o

f particles assumed t

o  

be spheres 

(Diffraction scattering

 pattern) 

Fluctuation of scattere

d light reflecting diffu

sion coefficient 

(Strength of scattered  

light) 

Settling speed. Match 

with the sedimentation 

velocity of the assume

d particle 

Absorbance etc.  

Influence of particle  

shape 
Somewhat Somewhat Nothing Extremely Extremely Influential 

Equipment calibration Not required Not required 

Possible 

By international  

standard substance 

Impossible Impossible 
Impossible 

(Correction) 

Manufacturer differenc

es 

Difference between mo

dels 

Somewhat Nothing Nothing Influential Influential Somewhat 

Basic particle size  

distribution 

Number standard  

Area standard 
Weight standard 

Number standard  

Volume standard 
Volume standard Volume standard Weight standard 

 



15 
 

 

2 μm

JIS

38-43)  

 

  



16 
 

1.4  

 

  



17 
 

1.5  

Fig.1-7 5  

 

2

 

3

 

4

 

5  

 

 

Fig. 1-7 Structure of this paper 
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Fig.2-1 Chemical structure of penthiopyrad technical 

 

Table 2-1 Physical and chemical properties of penthiopyrad
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2.2.2  
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Fig. 2-2 Experimental process flow of penthiopyrad suspension concentrate 
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Table 2-2 Recipe and preparation methods of penthiopyrad slurry 
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Table 2-3 Recipe of penthiopyrad suspension concentrates 
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2.2.3  
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Fig. 2-3 Experimental biological efficacy evaluation process flow of penthiopyrad suspension 

concentrate 
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Fig.2-4 Symptom of tomato gray mold 
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Fig.2-5 Symptom of cucumber powdery mildew 
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Fig. 2 6 Experimental flow for observation of adhesion trace on acryl board 
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Fig. 2-7 Particle size distribution of penthiopyrad slurry 
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2.3.2  

3

p<0.05

Tukey HSD

 

  

A B

100 ppm 20 ppm 4 ppm

Fig.2-8

100ppm

 

B A

0.24 μm 0.30 μm

4 ppm B

A

 

  



33 
 

 

Fig. 2-8 Control efficacy of penthiopyrad against gray mold 1 day after application 
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Fig. 2-9 Residual efficacy of penthiopyrad against gray mold 7 days after application 
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Fig. 2-10 Control efficacy of penthiopyrad against powdery mildew 
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Fig. 2-11 Control efficacy of penthiopyrad against powdery mildew after rainfall 
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Fig. 2-12 Summary of control efficacy of penthiopyrad in case of practical concentration 

 

Fig. 2-13 Summary of control efficacy of penthiopyrad in case of lean concentration 



38 
 

2.3.3  

A B

A B

 

  

54℃ 7

Table 2-4 7

Fig.2-14 A

B

8.7 μm 4.5 μm 1

1.5 μm 0.30 μm

0.24 μm 0.30 μm

σg 0.3 μm

A B

B A  

  



39 
 

Table 2-4  Change of particle size distribution after aging storage at 54  during 2 weeks 

 

 

 

Fig.2-14 Comparison of Change rate between Recipe A and Recipe B 
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A Fig. 2-15 B Fig. 2-16

 

 
  

Fig. 2-15 Deposit of recipe A delusion water on acryl board 

 

Fig. 2-16 Deposit of recipe B delusion water on acryl board 
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Fig.2-17
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Fig. 2-17 Conceptual diagram of ideal particle size distribution on the leaves 
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D50 : Mean diameter [μm] 

N  : Severity of untreated control [–] 

n  : Severity of treated plot [–] 

p  : Significance level [–] 

σg  : Geometric standard deviation [–] 
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Fig. 3-1 Experimental setup of milling process for penthiopyrad slurry 
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Fig.3-2 Effect of solid concentration in slurry on milling efficiency 
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Fig. 3-3 Effect of beads charge rate in beads mill on milling efficiency 
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Fig. 3-4 Effect of rotation number of beads mill on milling efficiency 
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Fig. 3-5 Effect of rotation number of beads mill on milling efficiency 
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Fig. 3-6 Effect of rotation number of beads mill on milling efficiency 
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Fig.3-7 Experimental setup of hydro cyclone 
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Fig. 3-8 Various types of hydro cyclones 
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Fig. 3-9 Dimensions of hydro cyclones 

  



57 
 

Δη  

psspcc

pcc

DfmDfm
Dfm

                                           (1) 

mc ms

fc fs

LA-950

Fig.3-10 0.6 6 μm

0.5 w/w%  

 

 

Fig. 3-10 Particle size distribution of test particle 
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k ε

Table 3-1

r, z,θ 3 φ

Sφ 3

Patankar et al.

6 3

11 14)  
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Table 3-1 Equations of fluid motion for turbulent flow 
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Table 3-2 CFD calculation conditions 
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Fig. 3-11 Effect of ring angle on 50% cut size 
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Fig. 3-12 Particle separation performance of Type S and A cyclones 
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Fig. 3-13 Typical particle trajectory in under flow section for Type S and A cyclones 
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Fig. 3-14 Typical particle trajectory in under flow section for Type B and C cyclones 
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Fig. 3-15 Particle separation performance of Type S and B cyclones 
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Fig. 3-16 Particle separation performance of Type S and C cyclones 
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Fig. 3-17 Calculated fluid velocity distribution of the Type S and D cyclones 
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Fig.3-18 S D 2 D

 

 

 

Fig. 3-18 Calculated fluid velocity distribution in under flow region of the Type S and D 

cyclones 
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Fig. 3-19 Particle separation performance of Type S, C and D cyclones 
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Fig. 3-20 Particle separation performance of Type S  A and D cyclones under same pressure 

drop conditions 
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A : bottom diameter of apex cone  (m) 

Bd : under flow ratio  (-) 

D : hydrocyclone diameter  (μm) 

Dp : particle diameter  (μm) 

Dp50 : 50% cut size of cyclone  (μm) 

Dpc : cut size of cyclone  (μm) 

Dpcs : cut size of cyclone of silica particle (μm) 

Dpcp : cut size of cyclone of penthiopyrad TG (μm) 

Di : center rod diameter in the under flow section  (m) 

fc(Dp) : particle size distributions of coarse sides  (-/μm) 

fs(Dp) : particle size distributions of fine sides  (-/μm) 

K : apparatus index  (-) 

mc  ms : article mass flow rate for coarse sides and fine sides respectively  (kg/s) 

ΔP : pressure drop of cyclone  (MPa) 

Q  : feed flow flow rate  (l/h) 

Qd : under flow flow rate  (l/h) 

r,z,  : dimensionless co-ordinate in radial, axial and circumferential directions  (-) 

S  : general function of source term (-) 

T : feed slurry temperature  ( ) 

u, v,w : dimensionless fluid velocity in radial, axial and circumferential directions  (-) 

U0 :inlet velocity of hydrocyclone 

α : slope angle of inclined ring shown in the Type A cyclone  (deg.) 

Δη : partial separation efficiency  (-) 

 : general function of conservation equation  (-) 

 : diffusion coefficient  (-) 

ρp ρf :density of particle and fluid  (g/cm3.) 
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μ :viscosity  (mPa s) 
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4.2  

Fig.4-1

Fig.4-1c

 

 

 

Fig. 4-1 Principle of particle size measurement by sedimentation method 

 

Fig.4-2  
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Fig. 4-2 Schematic diagram of sedimentation curve 
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M(t)  

                                                 (5) 

Dp(t)  

                                          (6) 

n ti Eq. (2) g(t  Dp) Eq. 

(7)  

(i=1 n)                         (7) 

(0< Dp < Dp(ti))                       (8-1) 

G(t)/G0 g(t  Dp) Eqs. (8-1)  (8-2)

f(Dp)

t G(t)

h H0 Eq. (9)

 

                                                                 (9) 

  



81 
 

4.3  
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Fig.4-3
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Fig. 4-3 Schematic diagram of experimental set-up 
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Table4-1 Properties of tested particles 

 
  



83 
 

4.4  

 

4.4.1  

3 1.5 mass%

MBP 10-100 H0 5 cm

SEM Fig.4-4 Fig.4-4a

Fig.4-4b SEM

 

 

Fig. 4-4 Calculation of particle size distribution by tangent line method for MBP 10-100 

based on visual observation 

 

Fig.4-5 MBP 1-10 MBP3-30 H0 3.5 
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MBP 10-100

MBP 3-30 MBP 1-10

 

 

 

Fig. 4-5 Sedimentation curve for MBP 3-30 and MBP1-10 by visual observation 
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Fig. 4-6 Comparison of measured and calculated distribution for each standard particle on 

visual observation 
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Fig. 4-7 Comparison of sedimentation distance measured by visual observation and image 

analysis based on RGB150 for each standard particle 
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Fig. 4-8 Definition of interface by image analysis 
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4-8 (C) D

C  

 

Fig. 4-9 Effect of interface on particle size distributions for MBP10-100 



89 
 

 

Fig. 4-10 Effect of interface on particle size distributions for MBP 3-30 

 

Fig. 4-11 Effect of interface on particle size distributions for MBP 1-10 



90 
 

  

Fig.4-8 C

C

D

C hc β

hD  

                                                               (10) 

β 2.0

SEM

SEM

β=2 Fig.4-12, Fig.4-13 Fig.4-14

 

RGB

2 RGB

(9)

 



91 
 

 

Fig.4-12 Effect of interface on particle size distributions for MBP 10-100 

 

 

Fig.4-13 Effect of interface on particle size distributions for MBP 3-30 
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Fig.4-14 Effect of interface on particle size distributions for MBP 1-10 
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0.5 mass%

ρp = 1270 kg/m3  

 

Table 4-2 Recipe of penthiopyrad suspension concentrate 

 

Fig.4-15

 

 

Fig. 4-15 Comparison of measured and calculated distribution for penthiopyrad suspension 

concentrate 
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Fig.4-16 Effect of measurement time on particle size distribution for MBP1-10 
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Fig.4-17 Effect of measurement time on particle size distribution for penthiopyrad 

suspension concentrate 
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Dp    : Particle diameter      [μm] 

Dpmax    : Maximum particle diameter     [μm] 

Dp50     : Mass median diameter      [μm] 

Dp(t)    : Critical particle diameter     

 [μm] 

f (Dp)    : Frequency size distribution     [μm-1] 

G(t)    : Sedimentation mass      [kg] 

G0    : Total sedimentation mass     

 [kg] 

g    : Gravity acceleration       [m/s2] 

g(t  Dp)  : Response function      [-] 

H0    : Total sedimentation distance     [m] 

h    : Sedimentation distance      [m] 

M(t)    : Sedimentation mass calculated by tangent line method   [kg] 

n     : Number of sedimentation data     [-] 

R(Dp)(t)  : Oversize integrated distribution      [-] 

t       : Time [s] 

V       : Volume of solution  [-] 

v (Dp)   : Terminal settling velocity  [m/s] 

w    : Mass of particle  [kg] 

β       : Correction coefficient  [-] 

μ       : Viscosity  [Pa s] 

ρp      : Density of particle  [kg/m3] 

ρf      : Density of fluid  [kg/m3] 
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