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Experiment and Simulation Study on Magnesite Powder Particle Friction Charging
GAO Hai, WANG Zhigiang , SU Meizuan, LI Guofeng
(School of Electrical Engineering , Dalian University of Technology ,
Dalian 116024 , Liaoning, China)

Abstract: In order to numerically simulate the friction charging process of powder particles, the
magnesite powder particles is taken as the research object, the discrete element model and the charge
transfer model are used to model the movement process of the powder particles and the friction charging
process respectively. A calculation module suitable for friction charging simulation of powder particles is
established in the EDEM simulation software, and the module is used to perform friction charging
simulation analysis of magnesite powder, and to investigate the charge-to-mass ratio at different feed rate
and chute inclination. At the same time, the friction charging device of vibrating trough is used to carry out
comparative experimental research on friction charging of magnesite powder particles. The results show that
the frictional charge-to-mass ratio of magnesite powder decreases with the increase of the feed rate, and
decreases with the increase of the inclination angle of the chute. The test results have a similar trend to the
simulation results, which verifies the accuracy of the numerical model of powder particle friction
charging. Research results are of great significance for the establishment of a more accurate powder particle
friction charging model and the further application of powder particle friction charging.
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Fig. 4 The capacitor model of contact charging
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Fig. 5 Flowsheet of contact electrification model

3 HRAHH

3.1 (FEWR

N TR 2.3 /N R T A BE 8 A H T B AR B
A HE B 1 Al EDEM $K {4 3E 47 1 38 56 07 B {4 35
L5 B A EE 5 R I 0 L BT L G T 2 Rk
AV AR A 8 o JOURE JBE 488 £ G HL A B . B IR
T3 1A IR A BROE H0URE K — 2 S5 i 11 K T 50K HE A
TR L SR S ORI, Vi YA i R ORI AR S5
VA 2 B 0o R P L L B S T BURE H A
T RS R AN T 6 T R . BURES HE A A ) PR
[ 2 B e R 5 0K L B0RE 5 0 R 2 e 2 ek 2 R
BN 1 TN Ho B il 2 8 el R A R LR G
;i:TH#PG 78]
3.1.1 ?/‘*Jr%ﬁ%ﬁ*ﬂﬁlﬁttﬁ’ﬂ%ﬁﬂlﬁj

SRR R W TR T L. O T IS R A A R
T SR A7 J5T L B 5 1) 22 9 A TR AR RE Sl 20 7, 45 Rt
FA 4 0. 3.0.5.0.8.1.0.1. 2 g B 4705 ELAMT »
A5 3] 9 AN [) 85 A6k B sk %y 06 i S L B P 1) 25 k6 &R
mE 7 fras . mrE 7 o7 7R ] — i 2 0K far R L
Wi A5 ek P 85 A TR U/ 5 R A I G R Ak R i 45 k)
S V1 0T UK /0N 5 G A B B R] A 3G i SO A 5



2022 4F5 2 1 AR SRR Ry AORE BE 45 A LR S O LTS « 77 -

L T 8 L O A7 L T 3R 02 3 /) 3K 4 5
(7271 ) B A v A S I A00OAE 217 FRL 5 A9 8 0 7 il /)
(1% 5 2 — 2, I HBURL A it L B i ) 28 4 fe 2 3K 3

IC PN

Q
HeRHOT

Y

) N
Y
LX et ’

E6 {FEER
Fig. 6 Simulation model
x1 HESH
Table 1 Simulation parameters
U 214 e fE
S P TBURLIA FA 1L 0. 36
FHE WAL/ (kg » m ™) 3010
ZE BT WORL A 4/ GPa 11. 35
ZEBRHT WKL ) BB/ eV 6.25
R R A RA LE 0.33
R R R/ (kg + m ™ ®) 2 700
BRI R SE R/ GPa 71.7
R R eV 4.33
S A5 28 BRI R K A2 TR 0.1
5 R B R R A 0.6
EERU G 2B IR B A R 0.1
ZEEET 50 RNl e A PR B 0.3
SRR 5 R IR R I A TR 4 0.2
S AT 5 0 R R R Sl B 4 TR 0.1

N TR — A R G 45 ) X UL e S5 HE 5 T
2 M ABTRE A BE D 20 T 05 A B [ 45 8] R
UKL 5 2 fr ST He &5 SR AP 8 Fron . &L 8 T LA
Hh L SR ARy VA ORE 5 50 T R e ik JBE S Y BRI
R BB L e 90 B LA L O EL AT O 1L B 4 i )
G/ o 3R PR A A T R R A BURE A 2
5 TR f PR A T HE AR b B UKL 5 A 2 (]
4 4 ok AN 52 23« DT A FEL S 2 2 B 3 45 ) A 9
T UKL Ay FL A 253 5] VR 5l 55 — O I BE R 45 R
F4 ST UKL -5 T R A A A fk T AR L el (T
(8) AT JEE 458 i v 2t 5 122 i 10 BT O B 4 o oL R
Bt 57 2 f i AR ) 0 T 0 2>

-17
O><10
i —03¢g
-05¢g
o Ny —--08¢g
N - 1.0¢g
Ne “l2g
= N~
:‘7*4- T~
o ’ ~. T~
= '~ T <
3 T~ ~
= 6 ~. T
i
8k
_10 1 1 1 1 1 1

1 1
05 10 15 20 25 30 35 40 45
A ]/s

B 7 A[E %8S B R B
Fig. 7 Particle charge-to-mass ratio

at different feed ratio

1017
0 X

)

0.2 0.4 0.6 0.8 1.0 1.2
ZkHtg
B8 Lo E X EEE T B AR E
Fig. 8 Effect of feeding rate on
friction charge-mass ratio
3.1.2 BT A RE X URE AT 5T L A 2 W)
TR B 5 UKL fT BT L. A TR SEOR
7 T R AT A A 3 S L S5 L Y 5 T L 2 45 A
0.5 g 1 HOH M BT A% #1152 20 591 9 15.20,30,45,60 °
HEAT A7 FL o0 B, A5 ) 09 A 18] 3 A (6T AR% A 88 I A JB0RE
i JBT LY B IS ] A2 460G R Qi 9 B, B 9 R,
TR U AR £ B AR ABURE e BT LB S ) A B A R
33X S DR Ay P R A R A A ] — I ) BSURE 2 5
T E B A 3 fh PR A7 A 1 RE U B 22 B
FLA R 5 5 R v 7 2R BB S 3G T A i A e
NTORER ISR NI 2SS o N 1 < ST O ) |
KL AT HL A IR/ 5 35 28 3K (7)) 3RIR B B F% v A
e E OB AT FL S A 1S T e s B OC B — B JF B
LA JBT L B I T A2 Ak  d5 2838 3 e R (B



- 78 - A LA (AT HY)

2022 4F5 2 ¥

x 1017
‘\
Y.
2P,
N
~ N N
S EE N NI
2
o
= — 150
Do TN e
8F —--30°
450
.600
~10F

1 1 1 1 1 1 1 1 1 1
0 05 10 15 20 25 30 35 40 45 50 55
Hsf[)/s

B9 A[E RS R R A UL T R b
Fig. 9 Particle charge-to-mass ratio at
different chute inclination angles

N T k2D IR T R AR AR R X8 PR £ [ LU Y
SRR R 0.5 g I 47 ELAG B AN [R] I 4 A A
1 JBE I RIURE e ¢ i J5T L 25 2R A& 10 frs . iR 1A 10
AT LU 32 86 7 A UKL 15 50 TR R 4 Ml B 42 1) iy
JoE L W A (BT AR R TR D 8 DR T DR/ 3 TR R 2 9
R AR AR} £ B8 3 RN SO A T R b TR T 2 R Y
R S5 B Sl IS () /> o AR B 4B A R e B AT B R
I R TP A T A B 0 ) A e (E 2 ) R
T ko 1] DR/, AT RO S A UKL AT BT RGP O
I/ o

0 X107
ok
= A
=T -
) A—
= -6 /
7
A
s /
-lop & . . | |
10 20 30 40 50 60 70
TEHEATUR A HE/(°)
10 B A £ R X FE T R L B B

Fig. 10 Effect of slide inclination angle on
friction charge-mass ratio
3.2 RWHR
A L1/ e Oy 2 DL 1 s 9k
B SRR A ABURE a6 TR HE AT B 4 T
IS, TR 45 Rk R AR ) R R A EE 4
7 5T LE RS2 W) R e 245 B B KB 4 R S 0 RS Rt

T3 X8 Lo il — 25 6 UE Fir 8 007 JEE 488 A R AR AR Y
k.
3.2. 1 S5 b X URE 467 T L 1) 5 i)

SR T I8 I AR ST A R B A A R AR AR Y o
PE S WA URHA BE R 20 °L 4Rk 3 Bk 0.3.0. 5,
0.8.1.0.1.2 g B, b 50 F0 05 5 BT 45 J9URE faf 5T 1L
SERMORTE . B 11 R [ 25 R s J0RL far 5T EL 0
BAER IR 45 L R, B 11 0] U 0k
i Jot L a6 45 AL 5 7 B 45 R AR AR F—F0, JYBURL
o J50 EU Bt 205 Ak 2 39 00 A U /N 7E B0 BE S A AT
BV A e YRR R 0.5 g I, W) — Bk fR b
FEL RN 0.3 g B 22 58K . i 22 L il 16,105,
IR N Y N R iR S PU R NI R Sl N
LIGURLAT 0T LY R 50 25 2R 5 05 LA R X L IR T
JIT A AUV JEE 452 i P 5 (EASE R 1% o Aff 1

0X 107
—A— R
—m— SRR
2+
s
3 1
:‘::( —6F _._4:/ -
& /
8+ A~ 4
_10 1 1 1 1 1
0.2 04 0.6 0.8 1.0 12 14
2/
B 11 SREARRFRILHTES KBS R
Fig. 11 Comparison of simulation and

experimental results of charge-mass
ratio at different feeding rates
3.2.2 W REABTAR A RN URL AT BT HE 1Y) 2 TR
HERHEE N 0.5 g W REBURE A BE 2300 15,20,
30,4560 H . L Bk 50 00 LT A5 A0URL 7 BT L 25 2R
BIANIE] o 1& 12 S A [ 3 A AT} AR R I JBURE Ay 5t L
LS RSO HE2RA . 12 o LU Y BORE
7 JoE LUy 4 2R A5 a6 29 R s B — B B B0RL
47 J5 L I T R TR A R % 49 O T /) L A BO(E B
RE A% B W) 5 JFG v 24 3 R AR AR B 20 ° I 1)
BB R A Y TR TR AR RO 15 I 25 R
i 22 LUl g 26. 306 . 7 EL 25 Rl K Tk g &5 R . il
A A [+ T R AR AR 88 AURE B 28 JoT L 3 6 45 2R
505 BAE R X LG B T UKL R 52 i o R
AT 1 A 1



2022 455 2 TS SRR A NURL BE 4 for R S EAE AR <79 .
0 107 of contact electrification using DEM-CFD[ ] ]. Powder
—m— R Technology,2013,248.34-43.
ok V- TRER [3] YAO]J,ZHOU F,ZHAO Y L. Charge generation and
v electrostatic equilibrium for single granules during
A 4l v(://' sliding[J7. China Particuology.2016,29(6) :126-134.
% / - [4] NAIKS, MUKHERJEE R, CHAUDHURI B.
% -6 / 7 Triboelectrification: A review of experimental and
v— mechanistic modeling approaches with a special focus on
-8r / pharmaceutical powders [ J]. International Journal of
// Pharmaceutics,2016,510(1) :375-385.
-op % . . . . [5] IRELAND P M. Triboelectrification of particulate
10 20 %();fgﬂﬁ@rﬁ;é/(f,) %0 60 flows on surfaces: Part I-Experiments [ ] ]. Powder
. . _ . Technology,2010,198(2) :189-198.
12 iR = A F R B S S COT BN B E B 2 G 8 B o B
i B 45 R %t b Bk B (1], o A ko 2 A R B O 5 2019,
Fig. 12 Comparison of simulation and test 50(1).9-14.
results of charge-mass ratio at different ZHAO Xiaolu., WANG Haifeng, LI Yao. et al.
chute inclination angle Experimental study on triboelectric separation and
A PN purification of low-grade magnesite [ J ]. Journal of
& Tu Central South University (Science and Technology) .
AR S B IO ASE R R, i e % A AR )y A 2019,50(1):9-14.
S JEE gt o R R AT RO AL B T5E TR A (7] SRfde, 28 vodi, 86 10 90, A6 M8 v Rl AR B g A B 482 17 Pl 4
IUALE B o 07 5010 5B 5 0 1T 30 £ FELI fl Tt 20165 C100 5776 9762,
55480 U UKL S 5 1, O 5090 B 9 0 1 4 3 PO Jian, PONG esen, [TDANG Zhengliane, <@ o
S o S 5 B 1 ) L I TG 0 T 4 ‘Frlctlonal charging characte.rlstlcs of associated minerals
in coal[ J]. Journal of Chemical Industry,2014,65(10):
B 1 2 TR T LB 0 75 90 I
e (8] S0 52 E B 4. Bk o A L))
1) Z2 8647 M J0URE 55 85 0 R JEE 45 £ LS Al 1R SR 11,2018,47(2) :80-84,
P o 7 B L B 25 Ak 1140 8 0 7T /) i T R AR AR PENG Zhen, YANG Xing, WANG Haifeng, et al. Study
FA) 388 1100 T D20 on friction electrostatic separation of ilmenite[ J |. Metal
) A I 0 6 16 F 48 SR 15 045 R A Mine,2018,47(2) 80-84.
AT 026l 3 BV SE B 0 PR UL 607 R L bl gy L0 TR SRR B S 5 SR T AT
ok (0 1 T T WS @ S R A £ R Y A T )N L PLERBESELT ). AE &R, 2013,36(5) :46-49.
LA R b LA e 1 W 4 b L B T 1k GUO Yanhua,I')AI Huixin, YANG Xmlo'ng.,et al. Stu'dy
S 4 BT 26 T on- the mec-hamsm of phosphate ‘rockl friction charging
driven by airflow[ J ]. Non-Metallic Mines,2013,36(5):
3 T 0 7 2% PR 245 % 1 2 S FE L JE 9 o
U LA PRRURL LA 56 56 B BROB UKL . 3 BOKISS 0] WATANO S, SAITO S, SUZUKI T. Numerical
505 BA5 R Z A AR — € i 22 (H 52 120 56 iF 58 F simulation of electrostatic charge in powder pneumatic
ﬁjﬁﬁﬂ:%*ﬁﬁéﬁé E/‘Jﬁff’ﬂ} PRI 2 i B R R UL conveying process| J]. Powder Technology ,2003,135-136
JRE 5217 W 3 R A RO 112-117.
P dN [11] WATANO S. Mechanism and control of electrification
[1] NAIK S, SARKAR S, GUPTA V,etal. A combined in pneumatic conveying of powders [ J]. Chemical
experimental and numerical approach to explore Engineering Science,2006,61(7).2271-2278.
tribocharging of pharmaceutical excipients in a hopper [12] HOGUE M D, CALLE C I, WEITZMAN P S, et al.

chute assembly [ J J]. International Journal of

Pharmaceutics,2015,491(1/2) :58-68.
[2] PEIC,WU C,ENGLAND D, et al. Numerical analysis

Calculating the trajectories of triboelectrically charged
particles using Discrete Element Modeling (DEM)[]].
Journal of Electrostatics,2008,66(1/2) :32-38.



+ 80 - XY ICT D 2022 4F5 2 1
[13] HOGUE M D, CALLE C I, CURRY D R, etal (237 2Rt , 5 U0 3550 5. R VARG 488 47 e ML BE A9 235D .

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Discrete Element Modeling (DEM) of triboelectrically
charged particles: Revised experiments [ J ]. Journal of
Electrostatics,2009,67(4) :691-694.

PEIC, WU C, ADAMS M. Numerical analysis of
contact electrification of non-spherical particles in a rotating
drum[ J]. Powder Technology ,2015,285:110-122.

PEI C,WU C, ADAMS M, et al. Contact electrification
and charge distribution on elongated particles in a
vibrating container[ J ]. Chemical Engineering Science,
2015,125.238-247.

PEI C, WU C, ADAMS M. DEM-CFD analysis of
contact electrification and electrostatic interactions
during fluidization[ J]. Powder Technology, 2016, 304 ;
208-217.

MINDLIN R D, DERESIEWICZ H. Elastic spheres in
contact under varying oblique forces [J]. Journal of
Applied Mechanics Transactions of the ASME, 1953,
20(3) :327-344.

LAURENTIE J C, TRAORE P, DASCALESCU L.
Discrete element modeling of triboelectric charging of
insulating materials in vibrated granular beds [ ] J.
Journal of Electrostatics,2013,71(6):951-957.
MATSUSAKA S, MARUYAMA H, MATSUYAMA
T.et al. Triboelectric charging of powders: A review[] ].
Chemical Engineering Science,2010,65(22) :5781-5807.
MATSUSAKA S, GHADIRI M, MASUDA H.
Electrification of an elastic sphere by repeated impacts
on a metal plate [J]. Journal of Physics D: Applied
Physics,2000,33(18) :2311-2319.

R IR ox 7 AT AL 5E Mk I L 3G 4 BT
LA e e E [T ], e i JRHEAR ,2014,40(9) . 2778-2782.
ZHU Li, ZHENG Huizhi, ZHANG Dongxue, et al.
Theoretical analysis and experimental verification of
electrostatic charging of skin materials [ J ]. High
Voltage Technology,2014,40(9):2778-2782.

HU J W,GU P F, ZHOU Q, et al. Experimental and
modeling study on mechanisms of sliding and rolling
electrification [ J ]. Powder Technology. 2018, 340:
484-494.

[24]

[25]

[26]

[27]

[28]

R E K2R, 1997,26(2) . 71-74.

AN Zhenlian, CHEN Qingru, ZHANG Xinxi. Discussion on
the electrical mechanism of powder collision belt[]].
Journal of China University of Mining & Technology.
1997,26(2) .71-74.

FERAE X AL BRW] L L RAT R R R S i BT
Lol B AT LT ). W B R R ,2014,40(9) - 2806-2812.
DU Zhaoheng, LIU Shanghe, WEI Ming, et al. Aircraft
electrostatic electrification and discharge model and
simulation analysis [ J ]. High Voltage Technology,
2014,40(9) :2806-2812.
NAIK S, SARKAR S, An

et al.

HANCOCK B,

experimental and numerical modeling study of
tribocharging in pharmaceutical granular mixtures[]J ].
Powder Technology,2016,297:211-219.

BV B R R R AL 25 DB OBURE (8] 26 45 1 09 B
HERWOCH B S 4bs 2 [T ], Al K224, 2017,
38(3):93-98.

WU TAO, HUANG Weifeng, CHEN Xueshen, et al.
Calibration of discrete element model parameters of
cohesive soil considering interparticle cohesion [ ] J.
Journal of South China Agricultural University, 2017,
38(3):93-98.

XL SR A, 2, A5 ST B 1 /N 2 B o 2
B b Kedr e (I, Aeolk TR 2542 ,2016,32(12) : 247-253.
LIU Fanyi, ZHANG Jian, LI Bo, et al. Analysis and
calibration of wheat discrete element parameters based
on stacking experiment[ J]. Transactions of the Chinese
Society of Agricultural Engineering, 2016, 32 (12):
247-233.

#k 2. 2T FEM.CFD 5 DEM gl 2545 & 151 21 i) 1 1k
S By AT L] A G R GEGT 5, 2016 (1)
73-77.87.

HU Yonghui. Analysis on simulation of magnetic
separation process using dynamic coupled FEM, CFD
and DEM model [ ] ]. Nonferrous Metals ( Mineral

Processing Section) ,2016(1) :73-77,87.

CRSCHAR XIRED





