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Table 1 Discrete element simulation parameters table
Simulation parameters Value
Density of praseodymium-neodymium oxide/ (kg/m®) 6260
Poisson’ s ratio of praseodymium-neodymium oxide 0.28
Shear modulus of praseodymium-neodymium oxide/Pa 1.6x10"
Density of stainless steel/ (kg/m®) 7800
Poisson’ s ratio of stainless steel 0.30
Shear modulus of stainless steel/Pa 7x10%

Praseodymium-neodymium oxide powder

0.10~0.50
restoration coefficient

Praseodymium-neodymium oxide powder

0.20~0. 60
static friction coefficient

Praseodymium-neodymium oxide powder

0.05~0.35
rolling friction coefficient

Praseodymium-neodymium oxide-stainless

0.10~0.50
steel restoration coefficient

Praseodymium-neodymium oxide-stainless

0.20~0. 60
steel static friction coefficient

Praseodymium-neodymium oxide-stainless

0.05~0.50
steel rolling friction coefficient

JKR surface energy/(J/m”) 0.05~0.25
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Fig.4 DEM simulation for angle of repose measurement
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Table 2 Plackett-Burman test parameters

Number Parameters Low level High level
A Praseodymium-neodymium oxide powder restoration coefficient 0.10 0.50
B Praseodymium-neodymium oxide powder static friction coefficient 0.20 0. 60
C Praseodymium-neodymium oxide powder rolling friction coefficient 0.05 0.35
D Praseodymium-neodymium oxide-stainless steel restoration coefficient 0.10 0.50
E Praseodymium-neodymium oxide-stainless steel static friction coefficient 0.20 0. 60
F Praseodymium-neodymium oxide-stainless steel rolling friction coefficient 0.05 0.50
G JKR surface energy/ (J/m?) 0.05 0.25

*& 3 Plackett-Burman iXiZit 54 R
Table 3 Plackett-Burman test design and results

Number A B C D E F G Repose angle/(°)
1 0.5 0.2 0.05 0.1 0.6 0.05 0.2 31.44
2 0.1 0.2 0.05 0.5 0.2 0.5 0.2 35.18
3 0.5 0.6 0.05 0.1 0.2 0.5 0.05 27.22
4 0.5 0.6 0.05 0.5 0.6 0.5 0.05 33. 68
5 0.5 0.6 0.35 0.1 0.2 0.05 0.2 55.39
6 0.1 0.6 0.05 0.5 0.6 0.05 0.2 33.26
7 0.5 0.2 0.35 0.5 0.2 0.5 0.2 59.29
8 0.1 0.2 0.05 0.1 0.2 0.05 0.05 21.61
9 0.1 0.6 0.35 0.1 0.6 0.5 0.2 63. 87
10 0.1 0.6 0.35 0.5 0.2 0.05 0.05 49.75
11 0.1 0.2 0.35 0.1 0.6 0.5 0.05 56.49
12 0.5 0.2 0.35 0.5 0.6 0.05 0.05 39.67
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Table 4 Significance analysis of Plackett-Burman test

Sum of Signific-
Parameters F-value P-values
squares ance ranking
Model 2113.55 21.72 0. 0050 —
A 15.12 1.09 0.3558 5
B 31. 66 2.28 0.2058 4
C 1681.99 121. 01 0. 0004 1
D 2.24 0. 1615 0. 7083 7
E 8.28 0. 5960 0. 4832 6
F 165. 84 11.93 0. 0260 3
G 208. 42 15. 00 0. 0180 2
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Table 5 Experimental design and results of steepest

climb test
Repose  Relative
Number H 1

angle/(°)  error/%

1 0.05 0.05 0.05 27.29 50. 14

2 0.11 0. 08 0.14 38.72 29.25

3 0.17 0.11 0.23 46. 39 15.24

4 0.23 0. 14 0.32 52.82 3.49

5 0.29 0.17 0.41 57.97 5.92

6 0.35 0.20 0.50 62.71 14.58

HI28 5 A, 4 547 LRI 45 2R A O b £ AR
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e BB AEAE X (8], S 45 31 = Fh 2 1 S 500 5L
SEMARIR T 45 B S B R B AR
T, K ] Box-Behnken 32 5 M 47 i B 1 18 56
JEHEAT e L T8 3 B R A A BE T 3 e 25 2R A
I I 8 6 b M S R AL S B TR (1] VR ) 4
FEIKR R RE R A RS - AN 55 R B B 42
REAL L A AT I g e, IR R 3 A
Hols S AT iR 22 PEAl . Box-Behnken iR 56 4% 5 0
6 Ji, HACTy 2250 WAk 7, Wb ml 1, 4
AR P<0. 0001, Lack of fit 248135 P=0. 8684,
KF0.05, BELERLAILLA AT HE A HA £ h U1k
I B URE ) 7 2l R 452 2280 KR SR T BE R A AU
Bl -ANB5 N T B0 B A R AR B L U [ VR 2l P 4%
2R —wist, H P<0. 01 A H X 0K 1k £ 7Y 52 i
I R s AR B O [R) VR B R RS
JKR R IH AE R E 2 BIAY P<0. 05, XK IR A A
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R2,;=0.998 TP E AL RS, = 0. 9752 X Bk 0.4950HI - 1. 25H* (8)
JE A, =35. 3189 BRIz BAT B i St
HLE %6 Box-Behnken XMt R ER
g RS 3 MR EESHESKRIEAN Table 6 Design and results of Box-Behnken test
NEVEN SR Number H I J Repose angle/(°)
AOR =52.76 + 3.93H + 0.94] + 1 -1 0 -1 46.31
1.307 — 0. 0875HJ — 0. 495HI + : ! 0 - 437
3 -1 0 1 48.31
0.0825]1 — 1.24H* - 0.165]" + ) 1 . 1 6
0.3324r1° (7) 5 -1 -1 0 46.14
T o F B XK E AR B HT L 6 1 -1 0 54.78
PO AR AT A A o, ey 22 43 B &8 51 7 -1 1 0 49.91
%8 iR AR P<0. 0001, Lack of fit 2% 41 8 ! ! 0 36.57
Wi P =0.8181, kK F 0.05, &5 % & ¥ cV = ’ 0 - - 2083
0.7147% ¥ 5E Z B R = 0. 9918, 1f IE e i 2 4 1(1) 2 _11 _11 ZZ;
R:,;=0.9872, Wil gz RAL R, =0. 9731, i B K 12 0 | | 55.19
WL A, =44.9522, 13 0 0 0 52.29
H O AT L, 1208 A B A i AT SRR S LS 14 0 0 0 2.72
VAT U0 AL AT LA — & B, 08 AL ¢ Jal g 6 b 0 ’ 0 27
% 7 Box-Behnken if3& — R EIH#EE 7 E 5
Table 7 Anova of quadratic polynomial model of Box-Behnken test
Soruce of variation Mean square Freedom Ouadratic sum F-value P-values
Modle 16. 87 9 151.85 129. 58 < 0.0001
H 123. 80 1 123. 80 950. 77 < 0.0001
J 7.11 1 7.11 54. 58 0. 0007
1 13.49 1 13.49 103. 64 0. 0002
HJ 0. 0306 1 0. 0306 0. 2352 0. 6482
HI 0. 9801 1 0. 9801 7.53 0. 0406
JI 0. 0272 1 0. 0272 0. 2091 0. 6667
H? 5.70 1 5.70 43.78 0.0012
J? 0. 1005 1 0. 1005 0. 7720 0.4198
? 0. 4082 1 0. 4082 3.14 0. 1368
Lack of fit 0. 1684 3 0. 0561 0.2327 0. 8684
R*=0.9957 R2,=0.9880 R2 . =0.9752 Adep precision=235.3198
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pre
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Table 8 Anova of modified model of Box-Behnken test

Soruce of variation Mean square Freedom Ouadratic sum F-value P-value

Modle 151.25 5 30.25 217. 46 <0. 0001

H 123. 80 1 123.80 889.91 <0. 0001

J 7.11 1 7.11 51.09 <0. 0001

I 13.49 1 13.49 97.00 <0. 0001

HI 0. 9801 1 0. 9801 7.05 0. 0263

H? 5.88 1 5.88 42.23 0. 0001

Lack of fit 0. 7694 7 0. 1099 0. 4555 0. 8181
R*=0.9918 R, =0.9872 R’ =0.9731 Adep precision=44. 9522
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Fig.5 Parameters interaction diagram
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a:Simulation test;b:Physical test

Fig. 6 Comparison of simulation results with test measurement results
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Calibration of Parameters for Discrete Element Model for Neodymium-praseodymium

Oxide Powder Particles

LI Chen-hui', TAO Li-ke*, LIU Shi-qi'* , ZHAO Guo-yu', XU Jin-yong'

(1. School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, Guilin 541004, China;

2. Hezhou Jinli New Material Co. ,Ltd. , Hezhou 542829, China)

Abstract: In the process of rare earth metal molten salt electrolysis preparation, exceptionally fine particle size of rare
earth powder tends to induce phenomena such as powder bridging and dead zones in flow. To ensure the accuracy of discrete
element simulation in the powder conveying and feeding process, accurate contact parameters for neodymium-praseodymium
oxide particles need to be obtained. Prior to the conducting simulation experiment, experimental measurements of the particle
size, density, and angle of repose parameters of neodymium-praseodymium oxide powder were conducted. In the discrete ele-
ment simulation experiment, the Hertz-Mindlin contact model with JKR cohesion and the particle contact scaling principle were
chosen as the basis for contact parameter calibration. Key factors significantly affecting the angle of repose simulation experi-
ment were selected through Plackett-Burman tests. The best significant parameter range was determined through steepest as-
cent experiments. Based on Box-Behnken tests and response surface design, the design and optimization of a second-order re-
gression model for the angle of repose and significant parameters were completed, resulting in the optimal parameter combina-
tion: The rolling friction coefficient between neodymium-praseodymium oxide particles is 0.242, the JKR coefficient is
0. 148 J/m*, and the rolling friction coefficient between neodymium-praseodymium oxide and stainless steel is 0. 397. The val-
idation results showed that the relative error between the simulated and measured values of the angle of repose was 1. 06%.
The calibrated parameters for neodymium-praseodymium oxide powder particles are reliable and can provide a reference for
subsequent powder conveying and feeding process simulations.

Key words : neodymium-praseodymium oxide; discrete element method; repose angle; calibration of parameters; model



