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Abstract — This study focuses on the simulation method for crystallization processes, that is the most important unit opera-
tions and is widely used in the chemical industry such as pigments, pharmaceuticals, and detergents, etc. The process includes
the kinetics of nucleation, growth, agglomeration, and breakage. Because the models are very complex to become partial and
ordinary differential, algebraic and integral equations(IPDAE), it is very difficult to get a numerical solution. And, it makes
process design and analysis depend on experiments. In this study, the simulation is based on the method of characteristics to
avoid the difficulties of numerical diffusion and stability that bother the previous methods in this area. In order totlmeprove
accuracy and efficiency of the simulation, this study combines the method of characteristics with the adaptive mesh method,
which adaptively adds and eliminates meshes as the solution varies. The proposed method can conserve crystal number and
mass in the representation of agglomeration/breakage event and mesh adaptation. The proposed method is validated through

the simulation of case studies.
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Fig. 1. A mesh structure used in the method of characteristics.

3. S (Method of Characteristics)
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Fig. 5. Optimized CSD considering agglomeration and breakage.
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Table 1. Kernel constants obtained by optimization.

Agglomeration Breakage kernel SSQ

Data set used SS SS onstant

ala setuse kernel constant constant x10 Qonstant Qawral +SSQaural
Constant and natural cooling 2.9552 8.4795 34.16 14.77 48.93
Natural cooling scenario 2.7672 3.7189 43.40 17.03 60.43
Constant cooling scenario 0.3125 8.4437 10.09 645.04 655.13
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A : agglomeration kernel

B : breakage kernel

b : breakage function

B : birth rate of particles due to agglomeration

B, : birth rate of particles due to breakage
By : nucleation rate at the smallest measurable size
c : concentration
A : death rate of particles due to agglomeration
Dy : death rate of particles due to breakage
F : flowrate
G : growth rate
H : enthalphy
Kagg : @gglomeration kernel constant
Kpe : breakage kernel constant
Kq : growth rate constant
Kn : nucleation rate constant
k; : K-value
k, : volume shape factor
L : particle size
M : total number of meshes
n : population number density of particles
N : total number of particles
Q . heat duty
S : nucleation rate of particles
T : temperature
t :time
U : molar holdup
\% : suspension volume
\Y : volume of the particles
Vo : smallest measurable volume
v : volume of the smallest particlesiith mesh
Vi1 :volume of the largest particlesiith mesh
X; : representative size fath mesh
X . liquid molar fraction
y : gas molar fraction
Jz2|o|A 2Xt
oy : Dirac-delta function
o : relative supersaturation



SR I FE T AEskEAe SRR O

: molar density
: supersaturation

> ©
o

o
Xl
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. crystallization

: gas
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: index
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S : solid
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