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Abstract: The development of the manufacturing process may require considerable time and resources from
an economic perspective, which may result from the lack of cost-effective and reliable modeling tools of unit operation
development in the pharmaceutical industry, in contrast to other chemical industries. Therefore, it is necessary to
apply the modeling tools to the process, not only to overcome the challenges of regulatory and economic aspects but
also to develop a more efficient and robust process. In response to this necessity, the modeling of the manufacturing
process has been become increasingly important, as it can be applied to equipment design, improving process
efficient, scale-up and unit operation development in the pharmaceutical industry. Discrete element method is a

numerical method for predicting mechanical dynamics, such as position, velocity and motion of individual particles.
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First of all, the input parameters related to particle contact should be clearly defined. In this work, a calibration
method of discrete element parameters was established and then elucidated the effects of different testing methods
on repose angle of microcrystalline cellulose (MCC), from mesoscale angle. This experiment was composed of
three parts: (D Angle of repose measured by the lifting cylinder method (#) was regarded as the response value of
the model, and then discrete element simulation parameters were screened and optimized by Plackett-Burman,
steepest climb and Box-Behnken test designs; @) The robustness of previous model was assessed by angle of
repose measured by the funnel injection method () and the shear box method (¢) to obtain the best parameter
combination generated from the model; (3 Based on accurate and reliable microscopic parameters, the formation
mechanism of angle of repose was comprehensively investigated from the mesoscopic-angle perspective. The
calibration results showed a robust and reliable parameter combination. Moreover, the lifting speed of lifting cylinder
method and the height of funnel injection method all had a certain impact on the measurement results of angle of
repose. Interesting, the evolution of force chains in the process of stacking with different angle of repose revealed a
certain law in the perspective of mesoscopic-angle. Thus, the objective of present work is to provide a reference for
discrete element simulation parameter calibration of other solid preparations and accurate simulation of materials
in the pharmaceutical process such as mixing, transferring and tablet pressing.
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Figure 1 Physical and simulation model of the angle of repose.
A: Lifting cylinder test; B: Funnel flowing test; C: Shear box test;

1: Physical model; 2: Simulation model

Table 1
Effective modulus, X,: Stiffness ratio, X: Particle-particle coefficient

Design and response value of Plackett-Burman test (X,:

of friction, X,: Particle-stainless steel coefficient of friction, X;:

Rolling damping coefficient)

No. X, X, X, X, X, Angle of repose 6/°
1 1 -1 -1 -1 1 34.75
2 -1 1 1 1 -1 36.44
3 -1 1 1 1 1 35.69
4 -1 -1 -1 -1 1 36.42
5 0 0 0 0 0 37.53
6 -1 -1 -1 -1 -1 33.15
7 1 -1 1 1 -1 34.00
8 1 1 1 -1 -1 33.47
9 -1 1 1 -1 1 36.87
10 -1 -1 -1 1 -1 35.56
11 1 -1 1 1 1 38.77
12 1 1 -1 -1 -1 31.84
13 1 1 -1 1 1 34.94
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0.221 2X, + 0.342 5X, + 0.733 7X, - 0.042 5X.X, -
0.08X,X, + 0.592 5X.X, + 0.468 3X,> + 0.051 8X,* -
0.011 7X.%).
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Table 2 Design and results of steepest ascent test

Serial number X, X, X, Angle of repose 0/° Relative error/%

I
1 0.5 05 05 33.15 11.11
2 0.6 0.6 0.57 36.21 1.55
3 0.7 0.7 0.64 35.73 2.85
4 0.8 0.8 0.71 36.10 1.85
5 09 09 0.78 35.17 4.38
11
6 05 05 05 33.15 11.11
0.55 0.55 0.54 34.59 5.95
0.6 0.6 0.58 34.63 5.85
9 0.65 0.65 0.62 36.4 1.03
10 0.7 0.7 0.66 3533 3.94
I
11 05 05 05 33.15 11.11
12 0.55 0.55 0.6 34.92 6.36
13 0.6 0.6 0.7 36.3 2.65
14 0.65 0.65 0.8 37.35 0.05
15 0.7 0.7 09 38.1 2.17

Table 3 Design and results of Box-Behnken test

No. X, X, X, Angle of repose 6/°
1 1 0 0 38.76
2 0 -1 -1 37.25
3 0 1 1 39.02
4 -1 1 1 38.1
5 -1 0 0 38.52
6 0 0 0 37.35
7 0 1 1 36.42
8 1 -1 -1 37.8
9 1 1 1 38.5
10 0 -1 -1 37.02
11 0 0 0 37.54
12 0 0 0 37.38
13 -1 -1 -1 37.23
14 -1 36.84
15 1 37.4
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Figure 2 Experimental and simulated values of angle of repose
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Figure 3 Effect of lifting velocity (A) and funnel height (B) on angle of repose

FTF, o (R J0RE 18] AR B4 s T hR 5 s 1 — 805 81 )
B, 3 57, BRIV RORLAE 3% fih s AR AR TR, AT SCH%
SRE Ty AT KA MBI VIR A7, BT YIN i
—E BN, DUy HE Py 855 ) BE A R W 2, A e SR i
TR S ARRL B Se Rk LT B, RIS T BE AR, B
BUBYOINL T3/ T i S8, R OE A DR E o

ik — D HR R AR f i R i T B R A R 5
R0 PALE JEL LT, R AR ] SF 25 23 B 10 AN B B, 3 ) 4
WRE— B 0 a5, 45 RO L (K 4), $RTHLAE $2 T
AN B ) G AR SR R, O i R AE AP A TR AR
JRIZLIZ 5y, FURLIR 2 N 8 00 0 BEAS BT I R E 2, BRIk
BEHCR B EUR, J5 WU HE AR i 2808 B, 085k T
e I SHE NIETC AN A Y, JUREAE AT 3] 1 R A
T, B RIURL AN BT HEAR, RI0RL 1A 22 A F I 0 BE K B AN
B0, FLARACRER, TR O 577 0 5 (0 4 P, RORE J8 ol
Je UL 3 5 fi ) R A 45, 5 OO LE A ) o

L —O— Lifting cylinder test
\ —— Shear box test

Funnel flowing test

2000

5000

Number of force chains

Time interval
Figure 4 Variation law of the number of internal force chains in

the particle system during the simulation of the angle of repose

[F I, Atk — 20 R N O DR 3R 5 B0 2 45 R 52
Wi JEE R, AR 7E 20 Sl SR L 0V o2 R AR B AE 4 AN AS
() BN [E1) 500 ) D9 4 AR A 15 0L (B 5). 18l SALB i
THEL I FE 43 55 25 0.05 F10.5 m-s™ FORL /7 8 W 2% 48 4k,
M4 AN Ta) SO, B T TR 2 s R AR R S U 1
I3 Ao VAR (B 5A-1.B-1), 243 B & 18 1), 914G

2.0E-07 3.5E-02 1.5E-01
Contact force (N)

A-4

D-1 D-2 D-3 D-4

Figure 5 Effect of the lifting speed and the funnel height on angle
of repose. A: 0.05 m-s™; B: 0.5 m-s". A-1, A-2, A-3 A-4: 1/4, 2/4,
3/4, 4/4 period of the whole stacking process; B-1, B-2, B-3, B-4:
1/4, 2/4, 3/4, 4/4 period of the whole stacking process; C: 17.5 mm;
D: 7m-s". C-1, C-2, C-3 C-4: 1/4, 2/4, 3/4, 4/4 period of the whole
stacking process; D-1, D-2, D-3, D-4: 1/4, 2/4, 3/4, 4/4 period of the

whole stacking process
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