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« Conical screen milling using the round-bore screen was unsuccessful. However, conical screen milling using grater-bore screen was
the most efficient as it resulted in the highest throughput and least amount of material lost as dust.

« Impact milling and conical screen milling using the rectangular-bar impeller took a longer time than cut milling and conical screen
milling using the round-bar impeller with teeth.

* Feed weight and speed exerted more significant effects on impact milling and cut milling.

« In impact milling, a blunt force is applied across a wide area. It is inefficient for the milling of fibrous material®, hence producing
particles with irregular shapes and fibrous protrusions.

« Fibrous material requires a high concentration of shear forces that could be provided by the sharp-edged blades in cut milling and
additional fracturing by the grater-bore screen as well as the teeth on the round-bar impeller in conical screen milling.

 Also, the discharge of milled material was inefficient for impact and cut milling.

« The larger impeller-screen clearance and spaces in between the blades allowed milled material to slide around the housing, hence

Figure 1. decreasing throughput and increasing dust generation due to increased residence time of material.
(a) Rotary hammer mill (Fitzmill Comminutor M5A, Fitzpatrick Company Ltd, USA) * In the conical screen mill, the vortex flow pattern generated and the small impeller-screen clearance allowed material to be pushed
RGO e e A RGO M S Rl e G300 through the screen bores as soon as they were size-reduced appropriately’. Hence, the residence time was reduced and throughput was
 Impact and cut milling were carried out using the rotary increased. This also led to milled material with narrow size distribution and minimal fines generation.
hammer mill (Fig. 1a) while conical screen milling was carried
out using the conical screen mill (Fig. 1b). Particle size, size distribution, fines generation and flowability
« Both mills were fitted with retention screens of aperture size (@) 1650 200 g 1650 l/_.\ll()fg (b) 380 | 200 g 3.80 1 400 g
4750 pum. 1550 - /3\ 1550 -
- : : T : 1450 1450 - T 340 1 340
 Miling was carried out in triplicates under different 1350 - ] :
combinations of process variables. Ce T g 300 3.00 -
21250 - 2 12507 5 =
. (=¥
— Feed We|ght 200 g, 400 g %1150 i % 1150 - m2.60 | c% 160 41
- . 1050 -
— Milling speed: 2000, 3000, 4000 rpm 1050
950 - 950 - 2.20 - T | 2.20 - - .
« Different screen and impeller types were employed in conical 850 - 850 - .;/"‘\ — ~ . B J
screen milling. 750 750 | | 1.80 1.80
2000 3000 4000 2000 3000 4000 2000 3000 4000 2000 3000 4000
— Screen type: round-bore, grater-bore (©) Speed (rpm) Speed (cprm) (d) Speed (rpm) Speed (rpm)
— Impeller type: rectangular-bar, round-bar with teeth - 200 g 400 g 1.48 200 g 148 400 g
00 26.00 -
« Milling efficiency was determined by the amount of material 1.44 1.44 -
milled and lost as dust, as well as the milling time. 22.00 | 22.00 - . o140 S140
(L : : : : = =
Characterization studies of the milled material were carried out Z218.00 - 2 18,00 - S 5136 B
as follows. S : : ; /L
S -]
p \ $$14.00 - T . X14.00 - é 1.32 - = 1.32 -
Characterization studies | i T [
\ J 10.00 1 10.00 | +/I 1.28 | 128 | 1
*— l = °- K‘E J
[Particulate properties ] [Bulk properties ] 1.24 = 1.24 w
| 6.00 6.00 2000 3000 4000 2000 3000 4000
| 2000 3000 4000 2000 3000 4000
S [ Mean | Speed (rpm) Speed (rpm) Speed (rpm) Speed (rpm)
articie - - - - o
{ shape J particle Particle size [ Packing ] [Flowablllty] ¢ Impact mill Conical screen mill, rectangular-bar impeller
L Siz€ ) distribution M Cut mill @ Conical screen mill, round-bar with teeth impeller
!V”C"O_SCODiC Size analysis by dry tBaup”;eadnd HAUSNER Tatlo Figure 6. Comparison of (a) MMD (b) span (c) percentage fines and (d) Hausner ratio between different mill types.
imaging o . - : : : : :
s densities Angle of « Conical screen milling using the round-bar impeller with teeth produced the coarsest particles but generated the least amount of fines.
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Figure 2. Characterization studies to determine the particulate and bulk properties of the  «  Fged weight and speed exerted more significant effects on impact milling and cut milling, and affected the impeller types differently.

milled material.
ONCLUSION |

 Different mill types employ different milling mechanisms and this affected the milling efficiency as well as the particulate and bulk properties of the milled materials to different extents.

+ Feed weight and milling speed exerted significant effects on particle size reduction by impact and cut milling, while the type of screen and impeller employed affected the process in conical screen milling more
significantly.

« (Conical screen milling was the most efficient process with high throughput, low dust generation and produced milled material that possessed more desirable and consistent bulk properties.

« Conical screen milling is more suitable than impact and cut milling for the size reduction of barks for extraction processes.
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