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with the fine-dissemination-size mineral resources becomes an inevitable trend. Fine grinding is an
indispensable pathway in efficient utilizing of micro granular mineral resources. Horizontal stirring mill
is a new effective fine grinding equipment and has a widely industrial application. However, the running
processes of the equipment is affected by a lot of factors and it is difficult to control the particle size
distribution of grinding products. In this paper, the rougher concentrate which is obtained from magnetic
separation process of Gongchangling Concentrator of Ansteel Mining is take as a research object. The
particle size distribution equations, such as GGS, RRB, and S, are employed in this study to investigate
the particle size distribution of grinding products of horizontal stirring mill. Meanwhile, the effect of
feed rate, blender speed, pulp density, and medium filling rate on particle size distribution characteristics
of grinding products is researched in this study. The findings show that RRB is the best fitting equation
to analysis the particle size distribution of griding product of horizontal stirring mill. There is a negative
correlation between uniformity index of grinding products and feed rate. With the improvement of
blender speed and pulp density, the uniformity index of grinding products first increases and then
decreases. There is a positive correlation between uniformity index of grinding products and medium
filling rate. According to the results of orthogonal experiment, the effect of the factors on the equality of
the grinding products follower the order of feed rate> blender speed> pulp density™> medium filling
rate. A uniformity index of grinding products of 0.965 is obtained under the optimal condition: feed rate
of 12 kg/h, blender speed of 1 500 rpm, pulp density of 30%, and medium filling rate of 70%. The
research results provide a theoretical basis for optimizing the control of particle size distribution in the
grinding products of horizontal stirring mills.

Keywords: horizontal stirring mill; particle size distribution function; uniformity index; variance

analysis; orthogonal experiment
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7% B 41k Si0,, & R 29.29%; Hi A % it MgO .,
CaO. ALO, & 173 %M 1.22%. 1.10% 1 0.57%; P. S
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Table 1 Multi element analysis of magnetic separation

rougher concentrate
B %

4 TFe  FeO  Si0, ALO; CaO MgO P S

FH 4851 1980 2929  0.57 1.10  1.22  0.02 0.08
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Table 2 Chemical iron phase analysis of magnetic separation
rougher concentrate
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Fig.1 Coexistence of magnetite, hematite and gangue minerals
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Table 4 Main test instruments in the experiments
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. (TFe)
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i 46.36 0.26 0.49 0.09 1.31 48.51
S 9557 0.54 1.01 0.18 2.70 100.00
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Table 3 Mineral composition and relative content of magnetic

separation rougher concentrate
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Fig.2 Test flow
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Table S Cumulative particle size distribution equation
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GGS R =100-100(x/x,)" (@Y 100.00
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Table 6 Derive the equation for particle size and the equation for particle size distribution width
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Table 7 The effect of ore supply on cumulative yield of sieve-through sample of grinding products

it ™ B H /%
RS /jum
6 kg/h 12 kg/h 18 keg/h 24 kg/h 36 kg/h
0.356 0 0 0 0 0
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1.416 2.89 3.96 1.72 1.73 2.13
2244 527 6.67 2.93 2.94 3.61
3.557 9.70 11.09 4.90 491 5.90
5.637 17.31 17.62 7.84 7.75 9.24
8.934 29.75 26.82 11.87 11.52 13.71
14.159 47.61 39.77 17.35 16.52 19.47
22.44 67.76 56.57 24.94 23.25 26.98
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Fig. 3 The fitting of three equations to the particle size of the grinding products of the horizontal stirring mill and its Adj.R’' and RMSE
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Fig. 4 The effect of feeding rate on the particle size distribution characteristics of the grinding products
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Table 8 The effect of feeding rate on the uniformity index

of the grinding products

25 5 /(kg/h) 5] PEFE B n R
6 0.946 0.999
12 0.934 0.995
18 0.892 0.997
24 0.880 0.995
36 0.834 0.998

FRG3 A7 e WA BT % o7 1) R B2 326 0 i /)N, 3 2 PR
Sk 22 1) e S kR F B 4 ) UKL, 7 R
OB A, AT YR S 1 500 rpm B, PRy
A3 FR A /NS o BT 55 AN {E, L 2 000 rppm
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Fig.5 The effect of blender speed on the particle size distribution characteristics of the grinding products
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Table 9 The effect of blender speed on the uniformity index of

grinding products

B P 45 5 7 /rpm 5145 Kn R
1000 0911 0.993
1250 0913 0.997
1500 0.934 0.995
1750 0.918 0.998
2000 0.890 0.997
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Fig. 6 The effect of slurry density on the particle size distribution characteristics of the grinding products
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Table 10 The effect of slurry density on the uniformity

index of grinding products

B I W 1% 5 M FE B n R
25 0.909 0.999
30 0.934 0.995
35 0.920 0.998
40 0.897 0.996
45 0.887 0.998
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Fig. 7 The influence of medium filling rate on the particle size distribution characteristics of the grinding products
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Table 11 The effect of medium filling rate on the uniformity

index of grinding products

B, G5 R H, RRB J7 2 1] LA 4 b 4 3 Fib = 1
B 7= s 2 A
2) Fib 2 P PR WL 47 7= b 32 1) S) P Bl 45 0

AR /% 351 HE B R ‘ o ‘
- ont o8 0 D, 4 5 6 kb I 3 51 0 £
55 0.940 0.998 0.946; Bl i F1: 75 1 . A v BE S KR 0/, S
60 0.931 0.993 FEARFE A R 1500 rpm., 55 Mk A 30% B 1k 3] 0 i
63 0953 0.998 9.0.934; Bl A JI FE SR B A O, 2 A TS LR
70 0.965 0.999 N N
70% I 35 F Wl 0.965 .
12 BEREXIWHER
Table 12 Orthogonal experimental results of various factors
» A% B/% C/(kg/h) D/rpm SL UG 25 R
- FHH I 31358 G 35 Pl 25 5 3o 1 2 3 F 1
1 50 25 18 1500 0.928 0.974 0.994 0.966
2 50 30 6 1750 1.136 1.194 0.998 1.109
3 50 35 12 1250 0.918 0.937 0.962 0.939
4 60 25 6 1250 0.978 1.005 0.990 0.991
5 60 30 12 1500 1.020 1.096 1.012 1.043
6 60 25 18 1750 1.004 0.965 0.949 0.973
7 70 25 12 1750 0.935 0.992 1.046 0.991
8 70 30 18 1250 0.988 0.928 0.940 0.952
9 70 35 6 1500 1.067 1.039 1.056 1.054

K13 ZRERBESN

Table 13 Analysis of range of experimental results

£ A B C D
K, 1.005 0.982 1.051 0.961
K, 1.002 1.035 0.991 1.021
K, 0.999 0.989 0.963 1.024
K 1.009 0.965 1.106 0.923
Ky 1.004 1.071 0.982 1.042
Ky 0.998 0.977 0.928 1.049
R 0.006 0.053 0.088 0.063

K14 ZIRERFENN

Table 14 Analysis of variance of experimental results

M % SFAM AHE B F i
It 0.000 6 2 0.0002 0.0302 ABF
WIMWE  0.0598 2 0.0299  3.1781 I
RS 0.149 0 2 0.0745 79140 FiHl B
PP S 0.0911 2 0.0455 48373 FiAlEFH
2% 0.188 3 18 0.009 4

F15 BAHBHENESEEET ~WHSMER
Table 15 Uniformity index of grinding products produced by

continuous operation of horizontal stirring mill

ik 1 2 3 4 5
n 1.026 0.974 0.950 0.963 0.950
R 0.998 0.999 0.998 0.999 0.999
75 6 7 8 9 ¥iE
n 0.971 0.944 0.957 0.953 0.965
R 0.999 0.999 0.998 0.998 0.999

VAT PP AR I A A I
S0 b 2 O Fib ST P B AL IS 1 7= i 2 50 P R i)
EVERIN R G > 10 P 25 5 T > 0 R > Ay
IR . ALC-1 L EbBEFEEBHLET Rk T. 25
B 40 BN 12 kg /h B HHRE Ry 30%. T PF A i
A 1500 rpm, TR A 70%, 1 AR 15 3 1 B A
= A S R EOR 0965
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