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Powder compression is the process of obtaining pellets by directly applying pressure to powder beds. The
densification phenomenon involving the plastic deformation of particles is still unclear. In this study, the powder
compression process of the binary mixture of powder with different plasticity was calculated by using the discrete
element method incorporating Edinburgh elasto-plastic adhesion model. The macroscopic and microscopic powder
properties were evaluated in the conditions of different volume fraction plastic powders. The calculation method of
contact plasticity between elastic and plastic particles, which was proposed in this study, was validated by the data of
experimental comparison tests. The result of this study indicated that particle plasticity strongly affected the powder
properties, especially contact area inside the powder bed. We hope that this study will be useful for applications where
the contact area inside the powder bed is important, such as batteries.
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Normal force [x10 N]

Overlap [*10°° mm]

Fig. 1 Force curves of EEPA model
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Table 1 Particle and geometry settings

Parameters Units Values
Diameter of particles pm 50
Number of particles - 3077
Particle density g/cm? 4.75
Total particle volume mm? 0.201
Particle Poisson’s ratio - 0.25
Young’s modulus GPa 71
Coefficient of restitution - 0.25
Coefficient of static friction - 0.5
Coefficient of rolling friction - 0.01
Internal diameter of cylinder mm 0.9
Geometry )
Cylinder volume mm? 0.636
Total simulation time s 0.07
Calculation Time step s 2x107°
Settings Number of CPU cores - 8
Number of GPU device - 1
Table 2 EEPA parameters for DEM simulation
Parameters Units Values
Elastic-Elastic 0.38
Contact Plasticity Ratio Elastic-Plastic 0.38, 0.60, 0.70
Plastic-Plastic 0.70
Constant pull-off force N -1.05x107°
Meso-surface energy J/m? 0
Exponents of the elastic force 1.5
Exponents of the cohesive force 1
Tangential Stiff Multiplier 0.67
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72, EEEBEIHE 25 mm/s TRE) S5 Z L THE
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FUEETH B Z EAHESIN T B28], £5, Mk
% JEAE L 72 BRI S N B KIS )] E AL O BIER  (force—
displacement curve; F-d curve) %K %, #1EA (K%L

147



Force on an operating punch
(Compression)

Force on a counter punch
(Compression)
Force on
an operating punch
(Decompression)

Force [N]

Displacement of an operating punch [mm]

Fig.2 Schematic diagram of compression energy analysis
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Table 3 Milling conditions of Na,SO,
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Parameters Units Values
Tip speed of rotor rpm 16000
Pore diameter of screen mm 0.5
Geometry of stator concave deg 0
Hammer mill Number of hammer - 12
Feed rate g/min 5
Pass 1
Total amount of Na,SO, g 30
Rotating velocity rpm 2000
L L Operating time h 4
Multi-ring media mill .
Mass concentration mass% 10
Total amount of slurry g 300
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@ Elastic particle

@ Plastic particle

Fig. 3 Snapshots of powder beds with different volume fraction of plastic particles

400 . . . . 400 . . . .
v, .
— 0 ApE-P
300 ---025 - - s00f- 038 , 4
--- 050 /1 ./I .-/ = — 0.60 1
5 ' 7075 S [ ---070 /
& — 075 Y/ = ' 7
= 200 — 1.00 Y /)[/‘ / - % 200 | |
§ s A2 Z 4 Y
Z A /
- IRy . _ L , . _
100 s A 100 y
7 /s /
_ -z, s /; P
0 N = = N 0 | — | N
0 -0.1 -0.2 -0.3 0 -0.1 ) -0.2 -0.3
Strain [-] Strain [-]

Fig. 4 S-S curves of powder with different volume fraction of
plastic particles
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Fig.5 S-S curves under the different conditions of 4,5 »
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Fig. 6 S-S curves of NCM-Na,SO, mixture obtained by

experiment
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Fig. 7 Remaining strain after compression as a function of volume
fraction of plastic material
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Fig. 10 Effect of volume fraction of plastic material on (a) void
fraction and (b) coordination number
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Nomenclature
E : Young’s modulus [Pa] (m  tangential stiffness coefficient [m/s]
E, : elastic energy [J] A, particle plasticity [-]
E, : plastic energy [1] [ @ viscosity [-]
F : total contact force [N] o : angular velocity [rad/s]
FW : frictional work [7]
G : shear modulus [Pa] Subscript
I : moment of inertia [kg-m?] 0 : initial state
M : torque [N-m] 1 : first loading
N, : coordination number [-] 2 : unloading/reloading
R : radius [m] a  : contact area between particles
V' : volume mixing ratio [-] adh : adhesion
e : coefficient of restitution [-] d : damping component
d : diameter [m] e : elastic
f : contact force [N] E-P : contact between elastic and plastic particles
g : gravitational acceleration [m/s?] hys : hysteresis of EEPA model
h  : height [m] i,j : particle of number of i and j
k  : stiffness [N/m] min : minimum
m : mass of particle [-] n : normal component
n  : exponents of the elastic force [-] p : plastic
u : unit normal contact vector [-] S : static state
v translational velocity [m/s] t : tangential component
x @ exponents of the cohesive force [-]
f  : dashpot coefficient [-] Superscript
Ay : contact effective surface adhesion energy [-] * @ equivalent
o0 : overlap [N/m] rel : relative
Eguain - Strain [m/s]
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