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Influence of Particle Size of Grinding Materials on
Replacement of Nano-ceramic Balls for Steel Balls in Primary Grinding
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Abstract; To explore the feasibility of using nano-ceramic balls in primary ball mill, a ball milling test was conducted on
high-pressure roller mill product with steel balls and nano-ceramic balls as grinding media, and the particle size distribution
characteristics and magnetic separation effect of the ground products were studied. The results indicate that with the feed
materials singly in a size range of 2—3 mm or 1-2 mm, use of nano-ceramic balls in combination with steel balls as the
medium can reduce the overall grinding effect; while with the feed material singly in a size range of 0.6~1 mm, 0.3-0.6 mm,
0.15-0.3 mm or 0.074-0.15 mm, a combination of nano-ceramic balls and steel balls has a synergistic effect, which
can enhance grinding performance; with the feed material singly in a size range of 0.3-0.6 mm, 0.15-0.3 mm or
0.074-0.15 mm, the mixed media with 50% steel balls can achieve the same grinding effect brought by the media with
80% steel balls; with the feed material in a size range of 0.074-0.15 mm, the combination of two balls brings the same
grinding effect as the single use of steel balls; with the feed material in a size range less than 0.6 mm, the combination
of two balls can bring grinding effect approximately equivalent to that by singly using steel balls. It is concluded that a
combination of nano-ceramic balls and steel balls can be used instead of single steel balls in the primary grinding of
materials in size range less than 0.6 mm.

Key words: grinding; ball mill; high-pressure roller mill; particle size of feed material ; nano-ceramic ball ; steel ball ;

primary ball mill; grinding medium; mixing ratio of steel ball
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Table 1  Chemical composition analysis of ore sample %
TFe mFe Cu S P,0s Ca0
39.46 34.68 0.22 3.53 0.53 9.61
MgO ALO, Si0, Ti0, As

2.78 4.02 15.53 0.97 0.001
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Table 2 Analysis of iron phase in ore

G i (R /% S HS %
PRk R 34.68 87.89
TRk ik 0.39 0.98
Ak bk 2.43 6.16
T Ak Bk Hh gk 1.29 3.26
FERR B ek 0.68 1.71

(7S 39.46 100.00
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Table 3 Parameters of ceramic balls and steel balls

JE A B L/ (1 m™?) MR/ (- m™) ST R LBl %

Bk 7.3~7.8 5.02 6.8 <0.5
B s R 3.7 2.20 9.0 <0.1
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Negative cumulative distribution curves for grinding products of material in a single size range
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Fig.2 Curves of Py, and M values for grinding products

of material in a single size range
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Table 4 Technical indicators of grinding products of materials

in mixed size ranges

By A BiE-0.074 mm

ANBYRL By Hr/E-0.019 mm

A/mm AR R % RN % Wi i %

> ik 45.57 30.23 17.16
AR 1482 9.91 5.11
5 Ak 45.73 29.74 17.68
RAEEK 1475 9.82 4.38
B HER 52.82 31.34 20.09
RAEE 1574 9.56 4.97
06 Bk 58.79 25.69 17.97
’ RAEsk 5347 23.71 15.30
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Table 5 Verification test results of magnetic separation

for grinding products

BTN EAF TR/ % Whi/% R/ % TR %
LR 54.40 64.47 88.88
WK WS 45.60 9.62 11.12 67.46
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