Contents

Preface .. ... .. ... ... ......

Chapter 1. Grinding: Principles and Theories . . . . ... .........

1.1.Grinding. . . .. ..........
1.1.1. Introduction . . . .. ... ..
1.1.2. Grainsize ...........
1.1.3. Output granulometry . . . . .
1.1.4. Heterogeneous rocks . . . . .

1.2. Empirical laws governing overflow and

underflow of a bulk solid . . ... ..
1.2.1. Schumann’s Simple Law for
underflow (see section 1.4.1). . . .

1.2.2. Frequency distribution: according to

Schumann’s Law .. ........
1.2.3. The Rosin—Rammler formula
1.2.4. The Harris distribution . . .
1.2.5. Log-normal distribution . . .
1.3. Physics of fragmentation . . . . .
1.3.1. Cracking phenomenon . . .

foroverflow. . . ... ... ......

1.3.2. Elastic behavior and plastic behavior . . . ... ... .........
1.3.3. Distinction between slow crushing

and collision. . . ... ........
1.3.4. Critical diameter . ... ...

1.3.5. Limiting distribution (extended grinding) . .. ... .........
1.3.6. Physics of grinding by collision

(by percussion) . . ... .......
1.3.7. Falling speed in mills . . . .
1.3.8. Physics of pinch roll grinding

AN W= =

10
12
12
15

16
16
17

17
19
20



vi  Size Reduction of Divided Solids

1.3.9. Release of an ore: selectivity of a
grinding procedure . . . ... .......
1.4. Grinding: a unit operation . . . . . . .

1.4.1. Parameters and fundamental grinding

equations . .. ... ... ...

1.4.2. Coefficient for grinding speed: selection

speed . .. ...

1.4.3. Determining selection and breaking matrices . . . . .........

1.4.4. Deviations from the linearity law
1.4.5. Abandoning the linear hypothesis
1.4.6. Zero-order grinding. . . . ... ..

1.4.7. The distribution (or breaking) matrix . . .. ..............

1.5. Distribution of residence times
(continuous grinding). . . . . .. ... ...
1.5.1. Parameters . . . ... ........

1.5.2. Changes to parameters in the distribution

of residencetime . . . . ..........
1.5.3. Austin, Luckie, Ateya solution . .

1.5.4. Analogy with n identical mixers in a series . ... ..........
1.6. Solving mill and grinding circuit equations . . . . . ... ... . ... ..
1.6.1. Transforming grinding equationsby Reid . . . .. ... ... .. ..
1.6.2. Grinding a mass M and continuous grinding. . . . . ... ......
1.6.3. Calculating integrals I for continuous grinding . . . . ... ... ..
1.6.4. Taking axial dispersion into account . . . ...............

1.6.5. Matrix integration. . . . . ... ..
1.6.6. Standardization hypothesis . . . .

1.6.7. Inversion of a lower triangular standardized matrix. . . . ... ...

1.6.8. Recirculation processes . . . . . .
1.6.9. Classifier principles . . ... ...
1.6.10. Matrix calculation of a circuit in
continuous operation . ..........
1.6.11. Recirculationrate . . . . ... ..

1.6.12. Benefit of a circuit with a classifier . . ... .............

1.6.13. Treating workshop’s atmosphere

Chapter 2. GrindingEnergy . . . . . ... ... ... ... ... ......

2.1.Powerandyields. . ... ........
2.1.1. Order of magnitude of energies at
playingrinding. . . . ...........
2.1.2.Netpower . . ............
2.1.3. Relationships between yields . . .
2.1.4. Useful power . ...........
2.1.5. Industrial yield, industrial energy

22
22

22

25
26
27
28
29
29

30
30

31
32
33
35
35
37
38
40
Y3
43
44
46
47

48
50
51
51

53

53
54
54
55
56



Contents  vii

2.1.6. Grinding productivity . . .. ... .. ... ... ... ... ... 57
2.1.7. The mode of comminution’s influence
onenergy consumed . . . . . ... 59
2.1.8. Motor power of machines . . . .. .................... 61
2.2. Bond’s energy index: ballorrodmills. . . . .. .............. 61
22.1.Background . . ... . ... ... .. 61
2.2.2. Definition of Bond’s energy index. . . . ................ 62
2.2.3. Interpretation of laboratory tests (concept). . . . . ... ....... 63
2.2.4. Measuring the index energy. . . . . . .................. 64
2.2.5. Bond’s correction coefficients to apply
totheenergyindex. . . . ... ... ... ... ... 66
2.2.6. The specific energy consumed in grinding . . . . ... ........ 67
2.2.7.Power attheball mill shaft . . . ... ......... ... .. .... 70
2.2.8. The influence that ball and rod mill
dimensions have onnetpower . . . . . .. ... .. ... ... ... .. 71
Chapter3.BallandRod Mills. . . . ... ... .. .. ... ......... 73
3.1.Introduction. . . . .. ... ... 73
3. Ballmills. . ... ... 73
3.1.2. Operation principle. . . . . .. ... ... ... .. ... ... ... 73
3.1.3. Dry operation and wet operation. . . . ... .............. 74
3.1.4. State of particles in emergingoutput . . .. .............. 75
32.Ballsize. . . ..o 77
3.2.1.Ball sizecalculation . ... ........................ 77
3.2.2. Ball size accordingtoBond. . . ... ... ............... 80
3.3.Operation parameters . . . . . . . ... e e 80
33.1.Rotationspeed. . . . ... ... ... ... 80
332 Millfillingrate . . ... .. ... 81
3.3.3. Pulp concentration and selectionspeed . . . . ............. 82
3.3.4. Pulp concentration and granulometry
distribution . . . ... ... 83
3.3.5. Parameters for fillingball mills. . . . ... ............... 84
33.6.Milladditives . . . .. ... . 85
34.Flowinthemill . ... ... ... ... .. .. .... ... . ........ 86
3.4.1. Evacuation of pulpinwetmilling . . . ... .............. 86
3.4.2. Flow of pulp through the grid. . . .. ... ............... 86
3.4.3. Height gradient of the pulp along the
lengthofthemill . . .. ... ... ... ... ... ... ............. 88
3.4.4. Volume of powder in the mill in terms of flow . . . ... ... ... 89
3.5. Theselectionmatrix. . . . ... ... it it 89
3.5.1. The selection function (diagonal matrix) . . . ............. 89
3.5.2. Selection speeds of ball mills. . . .. .................. 90

3.5.3. Extrapolation from trial to industrial scale . . . ... ......... 91



viii  Size Reduction of Divided Solids
3.54. Effectof delayonbreaking . . . ... .................. 91
3.5.5. Cushion effectindry milling . . . .. ... ............... 92
3.6. Wearing of a mill’s internal surfaces. . . . .. ............... 93
3.6.1. Wear mechanisms . . . .. ........ ... .. ..., 93
3.6.2. Magnitude of wear on internal surfaces. . . . ............. 94
3.63.Remedies forwear . . . .. ........ ... ... ... 95
37.Rodmills . . . ..o 95
3.7.1.Description. . . .. ... e 95
3.7.2. Characteristics of rod mill output . . . ... .............. 95
373. Modeling. . . ... ... . 96
374 Performance. . . ... ... 97
Chapter 4. Crushers and Grinders Except
BallMillsand Rod Mills . . ... ........ ... . ... .. ..... 99
4.1.Crushers. . . . . ... 99
4.1.1. General points about crushers . . . . ... ............... 99
4.1.2. Single effect jaw crusher . . .. ... ........ .. ........ 100
4.1.3. Double effectjaw crusher. . . . ... ....... .. ... ... ... 102
4.1.4. Characteristics of jaw crushers . . . . . ... .............. 103
4.1.5. Jaw crusher flowrate . ... ..... ... ... ... . ........ 104
41.6. NEtPOWET . . . . oot 105
4.1.7. Characteristics of jaw crushers and
productatoutlet. . . . . ... ... .. 106
4.1.8. Description of a gyratory crusher . . . .. ............... 107
4.1.9. Gyratory crusher performance . . . .. ................. 108
4.2.Shock equipment . . . ... ... ... ... 109
42.1.Principle . . . . ... 109
4.2.2. Collision equipment performance . . . . . ... ... ......... 112
4.2.3. Products treated using hammer equipment . . . . ... ........ 113
4.2.4. Modeling hammer and anvilmills . . . . ... ... .......... 114
4.2.5. Determining r and Ci experimentally . . . .. ... .......... 117
4.2.6. Determining milling parameters . . . . . ... ............. 118
4.2.7. Modeling grid equipment . . . . . ... ....... .. ... ..... 118
4.2.8. Determining parameters . . . . . . . . ..o 120
429.Shredder . . . .. ... 121
4.2.10. Corrugated rotor millsand pinmills . . . .. ... .......... 121
43.Rollercrushersandmills. . . .. ....... ... .. ... .. ...... 122
4.3.1. Operationprinciple. . . . . ...... ... ... . ... . ... .. 122
432 . Angleofnip. ... ... ... ... ... 122
4.3.3. Sliding between cylinders and shearing. . . . . ... ......... 125
4.3.4. Roller equipment capacity. . . . . . . .. ... 125
4.3.5. Fragmentationrate . . . . .. ... ... ... ... 126

4.3.6. Modeling equipment with smooth cylinders . . . ... ........ 128



Contents  ix

4.3.7. Operational and performance conditions . . . . ... ......... 130
4.3.8. Characteristics of products atoutlet . . . . ... ... ......... 131
4.3.9. Equipment with groovedrollers . . . .. ................ 132
44. Track crushersandmills . . . ... ... ... ... ... ... ... ... 133
4.4.1. Equipment without a built-in classifier . . . ... ........... 133
4.4.2. Equipment with built-in classifiers. . . . ... ... .......... 134
A3 NEEPOWET . . v v e e e e e e e 134
444 Rangeofsimilarmills . . . ........................ 135
4.4.5. Detailed study of ball-and-race (track) mills. . . . ... ....... 135
45 Autogenousmill . . . .. ... ... 136
4.5 1.Principle . . . . ... 136
452 . Modeling. . . ... .. ... 137
4.5.3. Interest in autogenous mills. . . . . ... ... ... . L. 139
4.6. The bead mill for ultrafines (micronizer) . .. ............... 140
4.6.1.Description. . . . . . . . 140
4.6.2. Energy of the micronizer . . ... .. .................. 141
4.6.3. Grinding bodies (quantity inthe pulp) . .. ... ... ... ..... 142
4.6.4. Performances and use of the pulverizer. . . . . ... ... ... ... 143
4.7. Other equipment for ultrafines . . ... ................... 144
471. Gasjetmill. . .. ... 144
4.8. Dispersers (inaliquid) . . . .. ... . .. ... . L 145
4.8.1. Emulsiontroughs. . . . ... ... ... ... . 145
4.8.2. Paint grinders—dispersers . . . ... ... ... ... ... 146
Chapter 5. Choice in Comminution Equipment:
Mechanical Plant Processing. . . . . ... ...... ... ... ...... 147
5.1. Characteristics of divided solids . . . ... ................. 147
5.1.1. Particle size distribution . . . . . .. ... . ... .. ... ... ... 147
5.1.2. Solid’s suitability for grinding
(grindability) . . .. ... ... .. 148
5.2.Machineselection . . . ... ... ... ... ... ... 149
5.2.1. General points about machine selection. . . . .. ... ........ 149
5.2.2. A criterion in machine selection:
solid’shardness. . . .. ...... .. ... ... . . ... ... . ... 150
5.2.3. Machine selection according to
flow rate (and hardness). . . . .. ... ... .. . L 150
5.2.4. Precautions to take according to the
nature of the processed solid . . . .. ............ .. ........ 153
5.3. Processing plants —the plantcell . . . . . ............... ... 154
5.3.1. Structure of aplantcell . .. ... ..... ... ... . ...... 154
5.3.2. Effectonthetasteof fruit. . . . .. ....... ... ... ... ... 155
5.3.3. Effect on vegetable oil extraction . ... ................ 155

5.3.4. TurgesCence PreSSUIE. . . . v v v v v v v v v e e e e e e e e e 156



x  Size Reduction of Divided Solids

5.3.5. Action of heat alone on plantcells. . . . .. .............. 158
5.3.6. Action of moisture alone on plantcells. . . . ............. 158
5.3.7. Simultaneous actions of humidity and heat. . . . ... ... ..... 159
5.3.8. Effects of freezing and dehydration
onplantcells . ... ... ... . . . ... ... 159
5.4. Mechanical preparationof plants . . . . .. ................. 159
5.4.1. Cleaning and preliminary scrubbing. . . . .. ............. 159
5.4.2. Grinding and slicing (fruit, seeds, tubers). . . . ............ 161
SA43. Hullingseeds . ............ .. . . . . ... 162
S44.Peeling . . ... ... 164
5.4.5. Plant stem fractionation (sugarcane) . . . . .............. 164
5.4.6. Fruit fractionation (threshing) . ... ... ............... 165
Appendices . .. ... ... 167
Appendix1.Mohs Scale . ............................. 169
Appendix 2. Real Density of Loose
Bulk Solids (kg.m™). . . . ... ... .. 173
Bibliography. . . . . .. ... ... 175



