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Numerical Simulation Model for Granulation Kinetics of Iron Ores Based on Discrete Element Method
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Synopsis
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: A numerical simulation model was developed to analyze the granulation kinetics by using the Discrete Element Method (DEM). The experi-

ment of granulation was performed to understand the actual granulation behavior of iron ore particles. The granulation rate goes up with a
decrease in a particles charge ratio and with an increase in a rotational speed of a drum mixer in the experiment. The granulation could be
consisted of two processes: One is “a growing process” and the other is “a breaking process”. The former would be related to the rotation of
granules and the latter would be dependent on the impact, which granules receive from others and/or a drum mixer wall. Then the rotational
kinetic energy and the impact energy of a granule were calculated by using the DEM simulation. A granulation energy composed of both the
impact energy and the rotational kinetic energy was proposed for analyzing the granulation kinetics. It increases as the rotational speed of the
drum mixer rises and as the granule charge ratio drops. The granulation energy would be correlated with the actual granulation process.
When the drum mixer diameter becomes large, the granulation energy decreases. When the drum mixer is leaned, the granulation energy be-
comes larger than at the lean of 0 degrees. That is, the drum mixer has a possibility to improve a granulation process. When the drum mixer
is leaned further, the granulation energy rapidly decreases at the lean of 60 degrees. This means that the optimum leaning angle must exist.

granulation; iron ore; drum mixer; impact energy; rotational kinetic energy; growing process; breaking process; DEM.
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Fig. 2. Effect of granulation time, rotational speed of drum
mixer and particle charge ratio on the median di-
ameter of granules.
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Fig. 3. Simulation model.
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Fig. 4. Simulation model of granulation process.

Table 1. Simulation conditions.

Drum diameter 100 [mm]
Drum length 50 [mm]
Granule diameter 2.5 [mm]
Granule density 2.0 [g/cm3]
Time step 3x10° [s]
Coefficient of friction 0.7 [-]
Young’s modulus 2.2x10° [Pa]
Rotational speed ratio to the critical one 0.2, 04, 0.6 [-]
Charge ratio 10,20,40 [vol%]

Number of granules 2881,5762,11524
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Fig. 5. Granule behavior simulated by DEM.
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Fig. 6. Snapshots of granule motion in the drum mixer for
different rotational speeds.
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Effects of the rotational speed of drum mixer on kinetic energy and rotational energy.
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Fig. 10. Granulation energy as functions of rotational speed of drum mixer and granule charge ratio.
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EBAHA, FILIFH—10h-CERIA S BT &
DT, FEMIIEFAORBIERL S 2HETH DI H,
REER I B A HEMAAEREELR T AL TH S,
o, ERHEE KX G X B ISR R & h
Tws 2, A, MANSKRAIZ B 2ERAEOZE
e k< —~HLTWBED, ZOXIIZRYI2b—V g
VIZhoTiE, FIa3d4—1ErnTal, MELGERRE
1Z2d > THEBREDBITVTIRETH 5,

4. #£E

2 I VARV B9 4 3 % — R FER & AL
HREY I 2L — Y 3 VIS & B ER O EEN T & FEHE L
7z TORR, XOHRER,

(1) EREEE, HEERENRES LBIEE, £72
HERINEL KBHIZE, K& Kk5,

(2) ERAOMEET R L F — LR AL F - DB
Tdh DENFERIT, RIEREAREL 5 BIEE, £/oh
HREIPENZEEKREL S,

(3) ERERIENEBEREEEL T, G
0y 2D THNCIERICHEELREREE A D D 5,

(4) MaldEEE2 —ZIZLTEF 4 3% -2 k%
$5E, BRI 5,

(5) TBEERESY i 4 @Rl & ¢ 5 &, SRR
mu, 45 CcRAEERLZH, SIS T 5,

X [23

1) N.Sakamoto: ISLJ Int., 42 (2002), 834.

55

2)

10)

11)
12)

13)
14)

15)
16)
17)

18)
19)

20)
21)
22)
23)

24)

N.Ouchiyama and T.Tanaka: Ind. Eng. Chem. Process Des. Dev., 21
(1982), 29.

N.Ouchiyama and T.Tanaka: Ind. Eng. Chem. Process Des. Dev., 21
(1982), 35.

P.C.Kapur and D.W.Fuerstenau: /nd. Eng. Chem. Process Des. Dev., 8
(1969), 56.

M.Matusmura and T.Kawaguchi: Tetsu-to-Hagané, 87 (2001), 86.
Y.Hosotani, N.Konno, J.Shibata, T.Sato. and H.Suzuki: Tetsu-to-
Hagané, 81 (1995), 34.

Zouryu Handbook, Nihonfuntaikougyogijutsukyoukai, O-musha,
(1991), 143.

I.Mekiguchi and H.Tohata: J. Chem. Eng., 32 (1968), 1012.
T.Moriwaki: J. Soc. Powder Technol. (Jpn.), 25 (1988), 150.
T.Ogawa, K.Ishino and Y.Sawahata: J Soc. Powder Technol. (Jpn.), 9
(1972), 153.

P.A.Cundall and O.D.L.Stack: Geotechnique, 29 (1979), 47.
H.Kiyama and H.Fujimura: Proc. Jpn. Soc. Civ. Eng., 133 (1983),
333.

Funtai Simyureishon Nyuumon, Funtai Kougakkai, (1998).

I.Kano, F.Saito, A.Shimosaka and J.Hidaka: Kagaku Kogaku Ronbun-
shu, 23 (1997), 687.

J.Hidaka, J.Kano and A.Shimosaka: Kagaku Kogaku Ronbunshu, 18
(1995), 78.

T.Kawaguchi, T.Tanaka and Y.Tsuji: Trans. Jpn. Soc. Mech. Eng. B,
61 (1995), 71.

S.Yuu, T.Abe, T.Saitoh and T.Umekage: Adv. Powder Technol., 6
(1996), 259.

B.K.Mishra and R.K.Rajamani: Kona, 8 (1990), 92.

JKano, F.Saito, A.Shimosaka and J.Hidaka: J. Chem. Eng., Jpn., 31
(1998), 936.

I.Kano and F.Saito: Powder Techonol., 98 (1998), 166.

JKano, H.Mio and F.Saito: AIChE, 46 (200), 1964.

Zouryu Handbook, Nihonfuntaikougyogijutsukyoukai, O-musha,
(1991), 149.

Zouryu Handbook, Nihonfuntaikougyogijutsukyoukai, O-musha,
(1991), 142.

N.Oyama, H.Sato, K.Takeda, T.Atiyama, S.Masumoto, T.Jinno and
N.Fujii: ISIJ Int., 45 (2005) 817.

7470



