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Particle size distribution of fine-grained tailings based on Weibull distribution
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Abstract: Along with the progress of fine-graining, the rule of particle size distribution in fine-grained
tailings becomes increasingly significant as it has an important influence on tailings’ macro mechanical
properties and stability. In this paper, we analyzed 82 tailing samples with the sieving and the settlement
methods, and set up a Weibull function model for fine-grained tailings. The experimental results show that
the number of fine particle is far more than that of coarse particle, and this distribution character can be
described and speculated by Weibull distribution. Weibull distribution could be regarded as a fractal model
to a certain extent and it considers the change of crushing rate that tradition fractal model doesn’ t
consider. In the process of crushing, the peak of probability density distribution shifts towards the direction

of fine particles, and this explains how the distribution character of fine-grained tailings forms. It’s hoped
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that the research findings provide references for granularity theory and ore grinding process.
Keywords: fine-grained tailings; particle size distribution; Weibull distribution; grading description; ore

grinding process

Bt % N R B B R BRI i 25 i Ll R Ok S B AR R Y kR Ea A . T H R AR R T Y
SCE A 15 e R 28 0K WORDR A2 KT 0.075 mm BT R R 50 % LR B9 R AT A 40 kL
B . RS T2 B AR H B Ak ik T2 i 0 BURRL AR 4906 58 /)N, 90 i Bl 5 %, [ 45 A (1)
W, S B Sy RS e PE A X 8 22 . BRSO e T R JBT 1 A R A ST 5 T 38 38 %) [ RO 2 R, [l G 4
L A ) T R B A oY 5 AT AR 0 Y B S 4R 5 U2 RN A

B R — MR N1 2 O R, B IR BE T B A A — e A, — 7 BT SRR —
A KRB B I B A8 7 30 TR R % T 25 A ot L DB B A e A A R S i SRR AR A A L AE LR
T 52 2% B R E 25 (8] 43 A1 5 o — 5 T 4E0kE e 7 A T8 LA i o B A2 N T, 7 2R 0 ORI A R e B —
FE B AR . AR AT RLAR A3 AT S — A 52 2 R R A B R 52 e B R T B ) BT A R B SR AR R
FRREAR 43 A FRAE PTG R A 1 b T3 4 At B A R 2 i G T 58 A0 2 o SOUIA e DA A = A AR 3

T SR o R TR 1) R B A A S R R B R AT DL R B ) A B R O A R Ay At
A.M.Gaudin 7 1926 45 T IR B 52 9075 2 A0 B2 23 A1 ok

F(x) =cx*, @D
K F ) oA R AR RN sa o AR SEL,

Rosin %1% F 1933 4F 42 1 0l LA 2 5080 Weibull 23 A oK B0 78 By B8 ¢ B9 R0 42 43 A . Weibull™ 78
1951 AR TEAH BEE T =S80 Weibull 43 7 pR L 45 B0 0 H 3261 . Jopony %51 73 M1 T 5 2 PG F. Lohan 1 X
il B R AR A PR AR B 20, Giuliano VA8 X B 2k BB AT 7K R TR A 9 kL B 3E 4T T LI 0 43 RO KL B 43
Bt & BB DT 9 43 46 v] LU Rosin-Rammler PR A . Gonzales 881 ffF 58 T /K [A]RE B 43 4 1) R
W AR 2 S T B PRl B L PR B S ) AR A R DR A 11 85 0 AT bR BRCR R T A R A 43 A R
F 22 (] 3 2B Lk T o OB AR A A L. XK AR UL B OBLE Y BORE RS A A B R G I T K
B FUMAEY IR T RO R LA e B RN M AR A G-S A A R DL L EOAOR R REUR R A%
A3 AT PG R PR AR R T AR RLAR A A A B T R AP SRR (H N E A B SR T LE O R B R R
AN R REAR A3 A1 o X AHORL 2 AT R AR 43 A1 B B0 A R 9T 5 A0 X 4SS A8 1 - B R I 38 A R %

R AT B A A RURRPEAEAR S 5 | T AT A0 3 3 X R e b 428 43 A 1 43 TR i SR BUAS T B R g .
Mandelbrot""" F- 7€ 1983 5t F 43 & J5 i % 0 04 A 47 B 32 43 A EA T 90, e 0L ELA 8 B 1 MR . e i
N G-S 4 A BRBURT Weibull 434 sRECER 0T LLA S5 0 0 TR 40 A . B 4 38 S50k B S 56 e 45 118 M4 R 4%
§IZE 2 QR A 0 2 AN =y N [ e IR P = S R oG 17 N e 5 B3 o e o= 8 TR 97
(43 YR AE AT Ge 3T o 25 R 38 I XD 8 A, A 2/ . SR ZE USRS i X 6 B R A0 I 't S R
Z2 P AR 70 A RAE L3850 e etk . E AT, S0 AR R TORL B 430 I R R AN £, 20 T8 4R BRI AR
SRR R B P 2 1 B = BIAIE

TERLAR S A T BCAILER 7 11 1F 2% H WA T3 95 . Epstein' 2 4 0 05 (14 3 72 B A 2 22 U e 1) 3%
SN, B U R (R CR T DL E AN bR BT R . 2R T AR R A R R 1 o AR AR S — A D T A Y DY
AN T b 0 1 AR RO AD R HE S TR A3 A0 I 00 T pRBR . RN SF- S50 DA A A A9 T Ak 1 AR O b
A BB AL [R) AL, DA R R AR 3 A 1) F AR BT IO 2B LA I R AL DR 1 . B TR0 AR o A 48 1l
R IR, — P AORLAR 43 A5 0 77 A LB IR — 2 3 T Bir A7 B A, 3K gl SR B A4 [ it B A 53 B L 72 51 AT
S5 I B ST R 1Y 3E .

MEA TR EA, HETE P = AR Rk AR A A5 X T B B T ) R .

1) 76 e il 52 36 G B B, RO 49 I 9 45 OR0 42 1E A7 BC BL L BC B B I R BN A5 B A SR A5 T B L R L B
X T WA AAE TN Z5 18 7T S84k

2) TR EHH Dy Co Co HRR G AR X J7 75 52 5T 2 T ith 26 1 iRk Rk AR B IR 4,
5 I W A2 A Il 2 B A % B AR B



% 34 T B, R T Weibull A28 69 2m 45 B 5 45 42 4 A 3

EHVUHIN R RO RSO R R T 28 Weibull 3 A3 o O 4H0RL R 07 R 42 53 A5 4
R B HERA P BEOA T %0 A R RO TR A LR IR S TR R R HE AT X B dE g T — Rk AR 23 A JE
B A AL B A

1 AHEYTHNEIARENET

1.1 AHFHEERRRESFIRELER

ARYAR I B ARG 82 A pr e B AR, B H Ol W B R 0
X I DA B 5 A BAREBEMEL, B LG5 N 2k22.2k23 , zk24 |
2k25 5 zk26, LR B WE 1 iR, Hob,zk22 5 2k23 7 T,
zk24.zk25 5 2k26 1ii B THER F I, ARRBFER LR ETE 46~94 m Z
fia] BB (1) B Bt R B A8 Ak . 0~20 m P, & 2.0 m BU—FF3:20~30 m P,
2.5 m B—PHE;30~50 m .4 3.0 m BL— P HE;50 m £ F, 4
4.0 mB—AFE, IR R R R E MBS E T,

XFRTF0.075 mm B A0 HI 0 43 35 40, 6 /N T 0,075 mm B 60
BT a0 IR wl i T AR i 2, K 2 B — ARl gy 2 e ik
FERLEE R PEFE bR B0 45 5 . R 45 B4 &, 82 Mk ke, D, F 1y
{H 0.039 mm, @it 0.075 mm BYIRFESL 3 A4S, 24 1 BRI 426 D0 3

fH 0.051 2 mm,#3d 0.075 mm BYFESE 12 4, 20 5 BRI 12 %05 D034 1 $GETEE
fH 0.067 mm,#id 0.075 mm AYRAEIL 17 A, 40 SRR 21% ., MU Fig.1 Floorplan of drill hole

AR E X R A AR R E X

Xof A BB AR 20 A AR AT R AR I SR SR YRAR Do AL R C, MR R C.. SEit 82 itk
R 3 285 3 SRR Do £ 0~0.1 mm Z i), RS REC, KF 5 IR 90% . IERE C. A F
1~3 ZHMd 859 A4 .

LU R kRl ol HINE:

I r —-

L T
W

T oul "

L HF !

H om

E 2 \
£

- il H“"-.‘__
1" -
n i ]
ni 1 .1 a1 (AEH]

Fiiium

B2 fEHEERLEER

Fig.2 A typical cumulative particle-size distribution curve
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Fig.3 Fitting effect comparison of three kinds of functions
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Table 1 Comparison of three kinds of functions
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2k24-3 0.993 4 0.918 3 0.925 7
7k24-4 0.992 1 0.861 7 0.954 8
2k24-5 0.991 3 0.909 0 0.917 0
7k24-6 0.996 1 0.872 6 0.959 9
2k24-7 0.985 2 0.952 4 0.898 8
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Table 3 zk24-1 sample sieve screening results
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Fig.4 Fitting line and its prediction belt in the X-Y coordinates
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HifE/mm SRR B 43 L/ Y% R A / %% T FRRAE/ % B R BRAE/ Y6
0.5 100.0 — — —
0.25 96.1 — — —
0.075 79.7 — — —
0.047 98 52.7 62.3 84.2 40.3
0.022 67 35.5 39.4 61.2 23.3
0.013 45 26.4 27.1 44.9 15.4
0.009 66 20.8 21.0 35.9 11.7
0.006 89 17.5 16.0 28.1 8.8
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0.001 48 3.3 4.4 8.1 2.3
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Fig.6 Estimate of the particle size distribution of probability density function
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Fig.7 The influence of B value on particle size distribution curve
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Fig.8 Sample grading in the m-B coordinates
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H 0<<o<1,
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JIN R SR L S E MR BLELAR BT AT L R R A AR 3 L ORL AR Y URL BN B R R 5 ORLAR 1 %
ZAE Weibull 2045 o] LA R (o) % J& , X 834 & Weibull 20 RS G — S 20 A REUR 5 B9 AR 2 At

4 WHETRESWERIENS RETERIR

M SCRI R 200k A BAT AR 2 HURL /D RORLARS 0 A5 A o 3 Fi BLG mT LR JURE 1) 23 B0 IR R AT At %
T 5 o BB OB A AR 73 A1 o 22 3k AR A 245 2R, (R4 — 0l RO R TR L 30 SRORIAR IR BEHE R P, R n+1 21
RiAR (n=0,1,2,3,-+) o 5 BRI R SR DAL AR Ul /0N 11 80/ B IS0 e R o Ky
P,=0.5", (20)
LW B v 1) B UBORL B B I 23 77 A KNS — B & FioRi A28, 3 LA i — TUURL B8R 5 77 2E 2 U R D
AR 1/2 B JIURE L i 1 o AR 3R IR R
Flx,y)=0,0<x << %;

F(x,y):l,x}%

A F Ceay) BoRRIAR N y 09— USRI R I 7 A2 00 R o <<y BORBRLA B R R A L.
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Table 5 Simulation calculation of formation process of fine-grained tailings(grain number) (1)

GAD)

N
v,
0 1 2 3 10 50 90 120

100 100 50 25 12.5 «+ 0.097656 -+ 8.88E—14 .- 8.08E—26 -+ 7.52E—35
50 0 75 93.75 89.062 5 -+ 16.601 09 - 0.000 17 -+ 1.71E—09 - 3.05E—13
25 0 43.75 92.968 75 133.300 8 -+- 155.943 7 -+ 1.028 481 == 0.004 929 -+ 8.97E—05
12.5 0 11.718 75 35.888 671 88  69.351 2 .- 311.2176 --- 75.854 45 -+ 6.012 378 - 0.869 66
6.25 0 1.513 671 875 6.101 989 746 14.869 17 .-~ 195.3457 -+ 632.3386 - 239.6859 -+ 98.104 88
3.125 0 0.096 130 371 0.482 153 893 1.418 932 --- 45.887 34 .- 1218.27 - 1399.351 -+ 1104.405

1.562 5 0 0.003 027 916 0.018 191 151 0.062 743  --= 4.423 679 -~ 728.772 8 -+ 2061.405 - 2 687.019
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Fo6 WHETHENGFHEATENELTE(BHRE)(2)

Table 6 Simulation calculation of formation process of fine-grained tailings(grain quality) (2)

N
V.,
0 1 2 3 10 50 90 120

100 10 000 5 000 2 500 1250 s+ 9.765 625 -+ 8.88E—12 -+ 8.08E—24 -+ 7.52E—33

50 0 3 750 4 687.5 4 453.125 -+ 830.054 3 -+ 0.008 495 -+ 8.54E—08 -+ 1.53E—11

25 0 1093.75 2324.218 75 3 332,52 -+ 3898.593 -+ 25.71204 -~ 0.123 228 - 0.002 244

12.5 0 146.484 375 448.608 398 4 866.89 s 3890.22 -+ 948.180 6 - 75.154 72 -+ 10.870 75
6.25 0 9.460 449 219 38.137 435 91 92.932 28 -+ 1 220.911 - 3952.116 -+ 1498.037 -+ 613.1555
3.125 0 0.300 407 41 1.506 730 914 4.434 163 -~ 143.397 9 -+ 3 807.092 -~ 4 372.972 -+ 3 451.265
1.562 5 0 0.004 731 119 0.028 423 674 0.098 035 -+ 6.911 998 --- 1 138.708 -+ 3 220.945 - 4 198.467
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Fig. 9 Cutaway view of fine tailings pond
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