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Effect of Grinding Aids on Grinding Kinetics of Molybdenum Ore
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Abstract; As for the molybdenum ores from Yichun Luming Mine, an m-order grinding kinetics model was used to
explore the effects of four grinding aids, such as triethanolamine (TEA) , triisopropanolamine ( TIPA) , polyacrylic acid
(PAA) and polycarboxylic ether (PCE) , on grinding kinetics of molybdenum ores. The results show that before addition
of grinding aids, the proportion of the milled product in the size range of —0.074 mm increases significantly with the
increase of the medium charge ratio, and the grinding kinetic parameters of m and k all increase ; with the same medium
charge ratio, the parameter of m increases and the parameter of k decreases as the grain size of milled product decreases.
Comparatively, as for the samples milled with grinding aids of TEA, TIPA, PAA and PCE, the milling products in the
size range of —0.074 mm increase by 6.19, 2.40, 3.62 and 1.89 percentage points, respectively. Compared to the system
without grinding aids, an addition of TEA can lead to higher values of parameters of k and m, and larger particle size
can result in great decline in the £ value, while small particle size can bring a gentle k-grain curve, indicating the k
value plays a dominant role at the initial grinding stage. After addition of grinding aids, the grains present improved
dispersibility with significantly less agglomeration.
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Table 1 Particle size composition of ore sample

Hit/mm TEER/ % IE R4/ %
-3+1 13.37 13.37
-140.5 19.54 32.91
-0.5+0.15 52.99 85.90
-0.15+0.074 6.81 92.71
-0.074+0.037 2.48 95.19
-0.037 4.81 100.00
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Table 2  Grinding aids for testing
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Table 3  Particle size distribution of grinding products under

different medium charge ratios

AR ., R R TR0 7 R % %
e I e  min 5 min 6 min 7 min 8 min
—3+1 1337 037 134 072 032 029 032

~1+0.50 1954 132 0.82 0.57 048 027 O0.11

~0.50+0.15  52.99 50.23 46.10 34.06 34.06 27.53 15.26

20 -0.15+0.074 6.8 17.48 19.38 31.42 26.88 28.58 40.85
~0.074+0.037 2.48 14.63 17.10 14.94 21.07 17.76 20.32

~0.037 4811598 15.26 18.28 17.18 25.57 23.14

—0.074  8.1530.61 32.36 33.23 38.26 43.34 43.46

341 1337 0.66 054 0.17 016 0.12 026

~1+050  19.54 0.26 025 0.01 005 006 0.02

~0.50+0.15 52,99 27.98 18.26 10.50 3.38 545 0.99

30 -0.15+0.074  6.81 26.54 20.04 33.17 34.50 22.24 19.66
~0.074+0.037 2.48 24.73 26.85 30.89 27.91 34.21 43.78

~0.037  4.81 19.82 25.07 25.26 34.00 37.91 36.85

—0.074  8.1544.56 51.92 56.15 61.92 72.12 80.62
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Table 4 Dynamic parameters of grinding without grinding aids

IR B/ mm m(EER)  Ink( ) k R?
FEHIR/ % &

-3+1 0.52592  0.37597 1.45640 0.960 84
-1+0.50 0.66142 -0.41087 0.66307 0.983 04
20 -0.50+0.15 1.00420 -1.86073 0.15555 0.963 65
-0.15+0.074 1.06724 -2.76087 0.06323 0.963 05
-0.074+0.037 1.17903 -3.71347 0.02439 0.983 07
-3+1 0.58669 0.61020 1.84080 0.969 66
-140.50 0.70030 0.08317 1.08673 0.961 32
30 -0.50+0.15 1.01066 -0.99493 0.36975 0.987 46
-0.15+0.074 1.19583 -2.12728 0.11916 0.951 12
-0.074+0.037 1.31999 -3.38308 0.03394 0.99319
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Table 5 Effect of grinding aid type on yields of

grinding products

ANTFI RIS BB 3R BT A A 7 R ™ 5/ Yo

Jig- sk TEA  TIPA  PAA  PCE
-3+1 7.72 0.01 0 0 0.01 0

-1+0.50 22.37 0.11 0.04 0.09 0.11 0.10
-0.50+0.15 55.46 3.87 3.50 4.55 3.89 5.38
-0.15+0.074 6.30  33.90 28.07  30.77 30.18 30.34

B/ mm

-0.074+0.037 3.39  30.82 3432 31.66 30.56 32.07
-0.037 4.75  31.37 34.06 32.93 35.25 32.01
-0.074 8.15 62.19 68.38  64.59 65.81 64.08
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Table 6 Dynamic parameters of grinding with TEA

as a grinding aid

R/ mm m( R Ink ( #HE) k R?
-3+1 0.709 96 0.911 53 2.488 13 0.968 72
-1+0.50 1.055 25 -0.088 11 0.915 66 0.974 08
-0.50+0.15 1.175 30 -0.973 22 0.377 86 0.994 25
-0.15+0.074 1.300 46 -1.908 21 0.148 35 0.965 16
-0.074+0.037 1.582 08 -3.116 75 0.044 30 0.968 68
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Table 7k and m fitting equations before and after
addition of grinding aids
I A A m 5 IR kWG TR
TN, e=20%  y=037395+0.171 2x  y=3.49422¢™"2%-0,063 93

TCHIEER,0=30% y=0.37406+0.19621x  y=3.654 6=/ "¥4%-0274 93
WINTEA,9=30% y=0.56778+0.198 95x  y=6.649 949192 +0,013 86
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Fig.4 SEM images of grinding products before and after
addition of grinding aids
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Fig.5 Schematic diagram of a grinding aid in reducing mineral

particle agglomeration
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