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Quantitative Effect of Micro-particles in Iron Ore on the Optimum Granulation Moisture

Shinji KawacHI and Shunji KASAMA

Synopsis : Anionic polymer dispersant (APD) has been applied to the granulation process for enhancing sintering productivity. It is reported that APD

accelerates micro-particle dispersion. In this study, the amount of micro-particles whose diameter was less than 10 um has been surveyed by

means of Andreasen pipette method. And in order to understand granulation mechanism focused on micro-particle, effect of micro-particles

on granulation has been analyzed by granulation test with single ore. As results, total amount of micro-particle was in the range from 2 to

10% in all ores. The increase in amount of micro-particles by APD differed according to ores. These differences mostly could be explained

with mineral characteristics of micro-particle. From the granulation test, the optimum moisture in wet state did not correspond with one in

dry state. In wet state, micro-particles dispersed by APD increased effective volume of water, resulting in lowing water requirement for opti-

mum granulation. Therefore, APD addition is seemed to enable optimum moisture of granulation to move wet optimum moisture closer to

dry optimum moisture. In dry state, dispersing micro-particles may result in concentrating in contact point of iron ores and reinforces the

strength of granules. This understanding based on this result can make comprehensive interpretation for granulation.

Key words: agglomeration; iron ore sintering; granulation; moisture; micro-particle; anionic-polymer-dispersant.
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Table 1. Chemical composition of sample ores.

(mass%)

TFe ALO, Si0, cw

Ore A 56.8 2.75 6.01 7.80

Ore B 58.2 145 5.11 9.31

Ore C 61.2 235 3.50 5.80

Ore D 63.5 2.23 3.88 2.16

Ore E 66.4 0.69 3.20 0.96

Ore F 67.7 0.70 0.74 1.05

Ore G 62.5 1.78 213 426
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Fig. 1. Schematic of Andreasen pipette.
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Table 2. Size distributions of iron ores for granulation test.

Size (mm) Ratio (mass%) ‘
10~5 154 |
5~2 230
2~1 15.0
1~0.5 12.2

0.5~0.25 10.6
-0.25 23.8

Table 3. Content of micro-particle in each split size for
ores.

Micro—particle (mass%)
0.5~ 10.25~-0.25

APD [ T2~

1~

mass%, Smm 5mm| 2mm| TmmP.5mm| mm Average

00] 15 | 22 | 57 [108 |128 |16.9 7.5

Ore] 0050 1.8 | 3.3 [ 58 | 99 |14.1 | 195 8.1
A 05] 19 | 28 [ 55 |121 141 1198 8.4
50 1.7 | 3.1 64 1111 1138 189 8.3

00] 14 | 28 | 5.1 94 | 83 |13.7 5.7

Ore] 0050 14 | 25 | 46 | 9.1 89 {127 5.5
B 05] 12 | 36 [ 62 |10.1 ] 93 |16.3 6.5
5] 23 | 35 | 65 | 99 | 95 |16.1 6.8

00135 |42 [ 33 |28 |26 |52 3.9

Ore] 005) 22 |39 (6.1 (138 [154 ]184 10.0
o] 05f 1.8 | 3.1 [ 52 |13.7 [16.1 | 209 10.3
51 1.7 | 36 | 57 |138 ]|163 [218 10.7

00] 1.4 | 23 | 43 | 53 |121 [11.7 6.4

Ore] 005] 20 [ 30 [ 46 | 109 [133 {176 9.0
D 05 1.5 | 28 [ 46 | 116 (131 [176 8.9
51 21 | 28 | 47 [113 138|178 9.1

0.0] 2.1 19 132 |54 |42 | 32 3.1

Ore|] 005 1.1 15 135 |52 | 65 |170 6.4
E 050 12 [ 19 [ 24 |55 |76 |16.7 6.3
51 1.7 1 18 | 34 | 6.1 7.5 [17.7 6.9

00] 00 |00 00 |06 |18 |08 0.4
Ore] 005000 |01 [03 |13 |16 |14 0.9
F 05106 109 [10 |16 |23 |27 1.8
5008 |11 109 [17 |25 [29 1.9
00} 20 |22 |43 |79 [72 |64 5.6
Ore] 005] 1.1 [ 21 | 38 |80 | 71 1.5 5.8
G 050 14 |24 [45 {87 |75 | 81
5106 | 19 [49 | 89 |82 | 85 6.7
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Fig. 2. Amount of iron ore micro-particle measured by
Andreasen pipette method.
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Fig. 3. Content of micro-particle in each split size for Ore
C.
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Fig. 4. Surfaces of Scanning Micro-scope Image of iron ores and micro-particles as received and after water washing.
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Table 4. Wet and dry size distributions of granules and degradation after drying after granulation.

(mass%)
APDO% APDO.5%
Wet Dry Wet Dry
Moisture] . - ~ (1~ ]0.5~ |0.25~-0.25 |-0.25 |Moisture] 2~ |1~ 0.5~ |0.25~-0.25 |-0.25
+omm +5mm
Smm| 2mm| 1mmpP.5mm|mm~ mrrlJ S5mm| 2mm| 1mmP.5Smmf mm| mm
62 1172 [285 [17.8 [ 127 [103 [ 136 [175 | 6.4 |19.9 [224 [232 [163 [11.7 [ 65 [10.1
72 1186 [31.2 [17.7 [129 [ 105 [ 91 [153 | 7.3 [21.4 [ 267 [229 [203 [ 78 [ 10 [ 27
Ore] 79 §209 [334 177 [143 10235 [ 76 || 81 [225[263 297 [182] 27 |05 |26
Al 85 J216 [342 20016855 [ 18 [58 || 90 226 [41.1[290] 59 ] 13 [02 |30
02 1272 [378 21793 31 |08 [ 63 | 98 31249714242 [06 0.1 |36
10.1 | 325 | 425|159 | 69 | 20 | 03 | 75 | 103 |486 [39.1 | 99 | 21 | 02 | 0.1 | 43
59 119.0 {283 [140 [ 119 ]101 ]16.8 [226 || 6.1 ]21.5 [275[18.4 [16.1 [126 [ 3.9 | 76
66 |21.9 [278 173|135 106 [ 89 [154] 6.9 [235 [351 245 [120]39 [ 10 [66
Ore] 74 [233 315190 [132]78 |52 [151] 7.8 [351 376 17678 [ 15 |04 |70
B 82 |254 ]398 [159 108 [ 60 [21 [176] 86 |509 [318 136 ] 3.1 |04 [02 |74
89 [359 [39.3[131[86 [ 27 |05 [200] 9.0 Je640 29951 [08 [01 00 |82
96 | 436 [365 147 ] 44 | 06 | 01 [205 | - - —
53 186 [241 [147 [11.1 [10.1 [21.3 [29.1 || 53 [19.2 [245 [15.0 [135 [12.7 [15.1 [19.1
6.0 |20.8 [27.1 [147 [104 | 90 [179 257 6.2 | 195|263 [16.1 [154 | 168 | 59 | 106
Ore] 65 |24.2 [280 [144 [114 197 |124 |219) 70 224|311 187 [17.7]| 78 | 23 [ 66
Cc| 75 J250 296 | 17312287 [ 72 [189] 79 |253[393 [195 [122 31 [06 [ 74
83 ]281 1328 |182 |109 | 6.2 | 3.8 |21.1 86 1438 |344 1158 |49 [09 [02 |73
91 |281 40315499 [47 |15 [235] 93 |51.9[366[93 ] 19 [02 [01 [82
52 |253 [311 (164 [11.8 [ 82 | 7.2 [181 || 51 |225 (356 [227 |16 | 2.1 | 0.4 | 28
57 208 [357 173196 | 47 |29 [173| 59 1334 [475[129 [ 50 [ 09 [02 | 41
Ore| 65 [30.1 [404 171 [ 73 ]38 |14 [214| 67 56734371 {14 [ 03 [o02 |51
D[ 73 [334]435 (13468 [23 [06 [233] - -
82 463 [379 10541 |10 03 J242( - -
47 12331306 [183 121189 |68 [222 ] 50 263 [407 [188 [105] 30 | 0.7 | 59
Ore] 54 [286 [334 169 [11.3 |69 |29 [221f 56 [437[392[120[37 [ 10 |03 [58
E 6.0 J359 (332|173 ]| 88 | 3.2 1.7 1202 - =
orel 41 _]192 [303 [ 153 [153 [ 81 [11.8]268] 47 ]236 [344 [183 151 [ 68 [ 1.9 [123
¢ |55 |19.8 [320 [ 267 1151 143 [ 13 [269) 56 [249 372120414526 |04 [129
50 | 186 [225 [16.2 [11.7 99 [21.0 [281 | 51 |17.0 [26.9 | 146 ] 13.6 | 12.2 | 15.7 [ 21.1
60 |18.4 | 252 [ 165 [12.6 [102 [17.1 [270 | 59 [17.4 [29.6 | 156 [138 [ 134 [102 [169
Ore] 6.7 217|256 |180 |11.9 [ 100 |12.7 [255 | 6.8 J19.9 [31.9 | 148 [ 150 | 126 | 58 [133
Gl 74 215277195 [125 [107 | 81 [259 | 7.8 |21.8 [346 [164 [17.1 [ 7.7 | 24 [134
83 J221 [289 (213|148 [ 86 [ 44 [259| 86 [252[357 | 176 [16.1 ] 46 | 0.8 | 134
91 |220 361 [218 146 [ 42 | 13 [269 ] 93 287 [422 20778 [ 05 | 01 [162
Table 5. Saturated moisture (w,) and minimum degrada-
tion moisture (w,) for each ore with or without
APD.
—8—-0.25mm (mass%)
=0—0.25~0.5mm APDO% APDO.5%
—&—0.5~1mm
—f—1~2mm s ] s s
=2 ~5mm Ore A 8.7 8.5 7.5 8.1
~{O=+5mm Ore B 8.3 7.4 7.1 6.9
Ore C 9.1 73 72 70
Moisture (mass%) Ore D 6.2 5.7 5.0 5.1
. . L. . Ore E 6.0 6.0 5.0 56
Relation between size distribution of ore A after Ore F 56 a 50 a7
granulation and moisture. i : : : i
Ore G 9.2 6.7 8.1 6.8

30

N
w
'

Wet —0.25mm particle (mass%)

OAPDO0%
@ APDO.5%

Moisture (mass%)

Relation between wet —0.25 mm particle and mois-
ture with or without APD.
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Fig. 7. Relation between dry —0.25 mm particle and mois-

ture with or without APD.
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Fig. 8. Relation between wet size distribution after granulation and relative moisture ().
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Table 6. Parameters and application range of Eq. (5).

i X° o Wa Application
-0.25 1.00 -2.20 0.55 055=Z=1.0
0.25~05 1.00 -2.20 0.75 0.75=Z=1.2
05~10 1.00 0.50 0.55 055572092
1.20 -2.20 0.92 092712
10~20 1.00 0.50 0.55 055=Z=10
1.23 -2.20 1.00 10525122
20~50 1.00 1.43 0.55 0.55=7=1.2
5 1.00 1.43 0.55 05557092
1.53 423 092 09257512
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Fig. 9. Observation of cross-section of granules with
change of relative water.
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Fig. 10. Relation between the decrease in w, and the calcu-

lated volumes of micro-particle dispersed with
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Fig. 11. Relation between content of
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minimum degradation after
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Fig. 12. The behavior of micro-particle on granulation.
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