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Energy-based Grinding Model and Mathematical Classification Model
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Abstract : This study on simulation was conducted for steady state grinding and classification processes in domestic gold
ore mineral processing plant. In the grinding process, the 80% particle size of the ball mill products were predicted using
work index and energy based empirical model. The actual operational parameters such as the size of ball mill, rotating
speed and ball filling rate were applied to grinding model. The cut size (dso.) of spiral classifier and hydrocyclone were
calculated using Stoke’s law and Plitt model, respectively. The models and variables were input to USIMPAC, a
simulator for mineral processing, to predict the overall mass balance and particle size distribution of the process. It was
confirmed that the predicted pulp density and the particle size distribution were in good agreement with the actual results
from a high correlation coefficient.
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Fig. 1. The flow sheet of the gold ore processing plant’s grinding and classification circuit.
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Fig. 2. XRD pattern of different gold ore.

Table 1. Mass balance of closed grinding circuit (‘m’ refers to mass flow, ‘W’ refers to supplied water, ‘F’, ‘P’, ‘U/F’ and ‘O/F’

to feed, product, underflow and overflow streams, respectively)

Equipment Mass balance
s . dmpg,p
1% Ball mill (BM1) T Mpyrpt My —Mpan p
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Table 2. Density and chemical analysis (XRF) of different gold ore

density Chemical composition (%)
(g/em’) Si0, ALO; Fe0; MnO  MgO CaO Na,0O K,O TiO, SO;  LOI
Gasado ore 2.77 7120  7.84 325 020 048 482 0.0 1020 027 115 029

Moisan ore 2.75 73.6 11.1 3.20 0.28 0.37 1.59 0.05 5.88 0.36 2.63 -
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Table 3. Efficiency factors of ball mills in gold ore mineral
processing plant

1% Ball mill 2™ Ball mill
Ef2 1.20 1
Ef3 1.01 1.12
Ef4 1.49 1
Ef7 1 1.21
Fso 16205.9 pm 231.66 pm
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Table 4. Bond work index of different gold ore (P,;=106 um)

Moisan ore Gasado ore
Fy, (pm) 2830 2690
Py, (upm) 85.94 82.30
G, (8) 1.251 1.049
Work index (kWh/t) 15.65 17.71

Table 5. Particle size distribution of feed (after crushing)

Particle size (um) wt.% Cum wt.%
+16000-22400 20.79 100.0
+11200-16000 21.62 79.20
+8000-11200 12.29 57.58

+5600-8000 13.02 45.28
+4000-5600 11.20 32.26
+2000-4000 19.62 21.07
+1000-2000 1.45 1.45

-1000 0.01 0.01

Table 6. Information of plant operation parameters

1" Ball mill 2" Ball mill
Inner diameter (D) 229 m 1.37 m
Length (L) 3.05 m 2.13 m
Largest Ball diameter (D) 80 mm 50 mm
Ball filling ratio (J) 38% 43%
Ball density (pb) 7.8 glem’ 7.8 glem’
Ore density (pm) 2.7 glem’ 2.7 glem’
Portion of critical speed (D) 0.73 0.70
Pso 19826 um  153.27 pum
Slope of the Rosin-Rammler 0.76 0.93

straight line
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Table 7. Technical information of spiral classifier in gold ore
processing plants

Parameters Value
Number of units in parallel 1
Classifier length (m) 2.5
Classifier width/length ratio 0.2

the corrected dso by Stoke’s law (um) 632.45

Table 8. Technical information of hydrocyclone in gold ore
processing plants

Parameters Value
Number of units in parallel 2
Cyclone diameter: D (cm) 15
Distance between the underflow and 45
overflow nozzles (cm)

Diameter of the feed nozzle (cm) 75
Diameter of the overflow nozzle (cm) 5
Diameter of the underflow nozzle (cm) 5
the corrected dso by Plitt model (um) 178.17

w719 A9 2571 2o, v, 34 vl A vl

o] uhe HAH £33 Stoke H2IQ1 A (5)0] &3]

632.45 pm= 2SI QI e Ae 9 BEEA &

2 ARF] BE-20.08, ELPAEE 34.84% = LE oM,

ke Ao 717 1= A (8)0f fsf 2.21 2 A== ek wh

2ha] 27 Aufol - o] el ke 412 A (13)2F Ltk
Spiral classifier

2.21
(x):[lfexp(*0.693( D. ) )}(1*0~08)+0~08

i 632.45
(13)

spiral
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Fig. 4. The comparison of measured and simulated size distributions for classifier in gold ore closed-grinding circuit steady state

at 5.83 ton/h feed (a) Spiral classifier (b) Hydrocyclone.

i A2 AESH R 3401 Al (13)2k(14) 22 -
Ab HARGE Qg az o AR o] A|gl] Jeiis
Fig. 4of Jeh i 3ich AA| S783 4ol Z 4 nds &
) 2 QBT AEAR | 257} ] 25712 overflow
0.998, underflow=0.999 2 AFZE| Qt). SARo| 22
9] AFkA|14= T3t overflow = 0.998, underflow+=0.992 &
79 xS Elstct. 281} underflow?] 100 pm
ol4te] QoA o7k 2 A1} ol A0 Ltk of
= BSHEERE AEE 7|87] O E QI QAR A}

FH) HH Fig. 4(@) 8 BH Antold £57]9] 49 d
B3] Y=} overflow ] Y7}t A2 v]S=3HGiTh ol= 3
7 =9 WAo] @A FA A Afstr)dl 4 0] 2
of o] gl Al AL overflow = 0]55}o]
VPR Bake 2 pETh SAKO|ZES BERAl]
7o) EEEE r}olof F=a1 overflow 2} underflow 7}
Hlggh 7HA0 2 U o] ehoza wmA ol

ol FofA| L & Flsk Rtk

A5 A=



16 AR U ol UA - e -

ZJ7}0] mels e AR g A7) ALESo]2) USIMPAC
e BEEEEE BEEEREREAEE
& sk Fig. 5t AR 243 2 s goliswet
b L R S . = ET
Zastole overflow®] eFke] @48 Aleltii vl A
A ] B0 o=t AXTH S1e 4 Yk

Fig. 62 44 Aol of o @) Aol 24, & 1)
3% RS A o, Fig 7S 2t UlEd W &

il

l

F

2k}

=
in{

(e}

UJ—]:}-.L_—

=i
5.44 t/hof| v]g] uj-¢- -
3 2fol g o] 17 & WHo] Wasiel B

=
3}

u)

52.94

Cyclone Feed

L["L

s =2 FE5HA
o] 4] 5.83 Yhs

vhs Hejshe Ao BelE . =
A gale] 2717} o Aol = st Yoy Helgol o
.2.33:]—0]3}_0:1];}_ O]E o]gH 25(].1\:1 [e)
ERao] BUSA7E 2 R nIHeS B1E 4 gllck
uto]H 9] underflow 2] 0.39 t/h=
=ol FRI= ATt ol= A =& v

52.94

55.69 55.69

Cyclone U/F

Aot Ed4
A 2|sh= uh, 22} B

. 17 8] 13 2

50.39 51.51

Cyclone OfF

374 Water Supplier
Hydro-cyclone O/F

Total 0.73 t/h

Total 11.57 t/h
Solid -

Solid 5.83 t/h
Water 0.73 t/h

Water 5.74 t/h

N

/]

920 86.19 86.30
80
= 70
=
= e 58.89 58.93 56.91 57.66
g 2.44
g 50 48 53
=
8 a0
]
o 30
20
10
0
1st BM Spiral O/F Spiral U/F 2nd BM
Fig. 5. The measured and simulated pulp density of unit process in grinding circuit.
Ore 2" Ball mill
Water Total 11.17 th
Solid 6.36 t/h
Slurry
Water 4.81 t/h
— i
CECJ Hydro-cyclone U/F
Total 10.72 t/h
L Solid 5.97 th
- Water 0.06 t/h
Feed Spiral U/F
5.83 th Total | 0.44th
Solid 5.83 t/h Solid 0.39 t/h
Water _ Water | 0.06 t/h
1t Water Supplier 1% Ball mill
Total | 4.07th Total | 9.90t/h
Solid - Solid 5.83 t/h
Water 4.07 t/h ‘Water 4.07 t/h

N

Spiral O/F
Total 10.39 t/h
Solid 5.44 t/h
‘Water 4.94 t/h

27 Water Supplier

—i0

Total 0.94 t/h

Solid -

‘Water 0.94 t/h

Fig. 6. Mass bcalance of closed grinding circuit.

ok

227) B4 AT}

LERED

aEO| W2




Ao QLERTAoh e} 84

ﬁ/\l u]_o]ﬁig,]

al

5.97/(6.36+5.44)=51%5 AukZ O & 25
= Aofl =3 ‘)’7%1 ==L UATHA

H_L

oA ZNE B4 wE R 450E Bg wd

25

20

@

10.39

III 039006

Spiral O/F Spiral U/F
L) Solld

Flow rate (t/h)

°

9.90
5.83
I 4.07

1st BM

o
%

2nd BM

BET 39 A 17

22.29

11.80

10.49 10.72
I 5.835.74

Cyclone U/F Cyclone O/F

11.17 g

Cyclone Feed

" Water ™ Total

Fig. 7. The flow rate (solid, water and total) of unit process in grinding circuit.

FA A E ER= RS
2 3y =gk

FUERE BH o= F 0| W}
TR kot B4 fARAS B8l 42 380l
-300% 5 29
Austin 1984). o]i=

O

B3} Autold B0 vls|| FARO|EE22] 584 7
F2 ol iy f& o 2 gotEc
3 B
£ Aol A= AA I S SHES B, EFE
424U 29 st i ikl U g2
A A ES Tesig o v 22 423 Witk
1 &2 34 &QE*POH o =] 7|9t &= =4l
Bond model 2} Allis Chalmer model2 &-8-35}% ) &
2 2 80% YEQl Pgp2 of| =3 & Rosm-Rammler B
E8 Bsto] B4 F YEREE oS3l
2. Bond modelo]] 4= =l B4 YA = Al HS 53
Z7stelom, 7120 Agstd Hol4t FA-2 15.65
kwh/t, Al51 F4 Q1 7RALE F42 17.71 kwh/it o2 AF
Z= 3l
3. B9 34 B2e Anto]d 25719 44 Stoke WAL
FAMO|ZE2 Plitt model & -8-3510] EFJEE 9
Zoh ¥ Ul AL EASl0] B FQlEREe
e,
4. AA EWE Y Hx U A =X 5 5Z H% 4
3, 140 va©) B4 2T A% 2717} 2 17} )

2] 2]2Fe-5.83 t/hol ubd, F7)7} 223} Bl 636

t/h& A2 dh= A2 Yyt o] 2 Q) 221 SE 9]

A F rato]7t A ] §lol BalmEo] vl W

< gRlsloitt. E3t Autold mﬂl—l ﬂo% T E
X_ﬂo

H& o] o} gl o] overflow o] B &8&0] ¥
= gRlstHct
5. 2% A2 (A, 49 Ele)ol mE g
9 EA 2] 55 AFE YT o H o]t
References

Austin, L.G., Klimpel, R.R., and Luckie, P.T., 1984. Process
engineering of size reduction: ball milling, (1st Ed.), Vol. 1,
Society of Mining Engineers of the American Institute of
Mining, Metallurgical and Petroleum Engineers, New Jersey,
United State of America, p.39-59.

Bergh, L. and Yianatos, J., 2011. The long way toward
multivariate predictive control of flotation processes. J.
Process Control, 21, 226-234.

Bond, F.C., 1961. Crushing and grinding calculations, British
Chemical Engineering, 6(6), 378-385.

Bradley, D., 2013. The Hydrocyclone: International Series of
Monographs in Chemical Engineering, (4th Ed.), Pergamon
Press Ltd., Oxford, UK, p.107-150

Chen, W., Zydek, N., and Parma, F., 2000. Evaluation of
hydrocyclone models for practical applications. Chemical
Engineering Journal, 80(1), 295-303.

Gupta, A. and Yan, D.S., 2006. Mineral Processing Design and
Operations: an Introduction, (Ist Ed.), Elsevier, Oxford,
UK, p.161-210.

A5 A=



18

ot

Hay, M., 2005. Using the SUPASIM flotation model to
diagnose and understand flotation behaviour from laboratory
through to plant. Minerals Engineering, 18, 762-771.

Hay, M., and Rule, C., 2003. SUPASIM: a flotation plant
design and analysis methodology. Minerals Engineering,
16, 1103-1109.

Hodouin, D., 2011. Methods for automatic control, obser-
vation, and optimization in mineral processing plants. J.
Process Control, 21, 211-225.

Jung, M.U., Han, S.S., Nam, C.W., Park, K.H., and Park, J.K.,
2017. Closed grinding circuit design of Cu-Ni-Co-Fe-S
matte. J. of the Korean Society of Mineral and Energy Resources
Engineers, 54(1), 57-65.

Kim, C.S., Choi, S.G., Choi, S.H., and Lee, .LW., 2002.
Hydrothermal alteration and its genetic implication in the
Gasado volcanic-hosted Epithermal gold-silver deposit:
Use in exploration. J. Miner. Soc. Korea, 15, 205-220.

King, R.P.,2012. Modeling and Simulation of Mineral Processing
Systems, (2nd Ed). Society for Mining, Metallurgy and
Exploration Inc, CO, USA, p.417-462

Klymowsky, L., and Rijkers, A., 1996. The use of data from
small-scale mills and computer simulation techniques for
scale-up and design of SAG mill circuits. Infernational J. of
Mineral Processing, 44-45, 273-287.

Kraipech, W., Chen, W., Dyakowski, T., and Nowakowski, A.,
2006. The performance of the empirical models on industrial
hydrocyclone design. International J. of Mineral Processing,
80(2), 100-115.

Lee, H. and Cho, H. C., 2006. Breakage characteristics of some
industrial minerals in a ball mill. J. of the Korean Society of
Mineral and Energy Resources Engineers, 43(6), 533-542.

Lee, W.J., Jung, M.U., Han, S. S., Park, S. S, Lim, G. T., and
Park, J. K., 2017. Mathematical modeling and computational
simulation on ball milling in domestic goldsilver mineral
processing plant. J. of the Korean Society of Mineral and
Energy Resources Engineers, 54(5), 502-511.

Lynch, A.J., Rao, T.C., and Bailey, C.W., 1975. The influence
of design and operating variables on the capacities of

o
A
2
ri
ol
o
Lot
2

o AU ol - e - up

hydrocyclone classifiers. International J. of Mineral Processing,
2(1),29-37.

Masliyah, J.H., 1979. Hindered settling in a multi-species
particle system. Chemical Engineering Science, 34, 1166-1168.

Moon, D.H., Koh, S.M. and Lee, G.J., 2010. Geochemistry of
the Moisan Epithermal Gold-silver Deposit in Haenam
Area. Econ. Environ. Geol., 43(5), 491-503.

Morrell, S. 2014. Innovations in comminution modelling and
ore characterization. Mineral Processing and Extractive
Metallurgy: 100 years of Innovation. SME, Englewood,
CO, USA, p.74-83.

Mosher, J. B., and Bigg, A. C. T., 2002. Bench-scale testing
and pilot plant tests for comminution circuits design. Procee-
dings of the SME Mineral Processing Plant Design, Practice
and Control, Vol.1, SME, Littleton, CO, USA, p.123-135.

Mular, A.L. and Bhappu, R.B., 1980. Mineral Processing Plant
Design, (2nd Ed.), Vol. 1, Society of Mining Engineers of
the American Institute of Mining, Metallurgical, and
Petroleum Engineers, p.239-403.

Nageswararao, K., Wiseman, D.M., and Napier-Munn, T.J.,
2004. Two empirical hydrocyclone models revisited. Minerals
Engineering, 17(5), 671-687.

Plitt, L.R., 1976. A mathematical model of the hydrocyclone
classifier. CIM Bull, 69, 114-123.

Seo, J.H., Baek, C.S., Kwon, W.T., Ahn, J.W., and Cho, K.H.,
2016, Investigation of bond’s work index of Korean desul-
furization limestone by ball mill, J. of the Korean Society of
Mineral and Energy Resources Engineers, 53(2), 130-139.

Seppild, P., Sorsa, A., Paavola, M., Ruuska, J., Remes, A.,
Kumar, H., Lamberg, P. and Leivisk4, K., 2016. Development
and calibration of a dynamic flotation circuit model. Minerals
Engineering, 96, 168-176.

Vesilind, P.A., 1980. The Rosin-Rammler particle size distri-
bution. Resource Recovery and Conservation, 5(3), 275-277.

Vorster, W., Rowson, N., and Kingman, S., 2001. The effect of
microwave radiation upon the processing of Neves Corvo
Copper ore. International J. of Mineral Processing, 63,
29-44.



oA 7k Ba wel 9 e

o 2 Ef
A HAE(F) 7]&Aq7 4 i

—

K Bt HS4%7 5 BIR)

AR st FEt w
Ok Bhgrzk 547 155 21)

Alssd A1z



