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Abstract

The objective of this study was to determine the effect of die geometry on expansion index of extruded corn flour.
Water solubility index, water absorption index and specific mechanical energy (SME) input were analyzed to
observe the relationship with die geometry. The feed moisture content was 20 and 25%. Die dimensions were
tapered angle (57, 95°) and length/diameter (L/D) ratio of die land (0.67, 1.67 and 2.67). The SME input was the
highest at 20% moisture content and 2.23E-10 m® die constant. The sectional and volumetric expansion indices at
20% moisture were increased with increase in die constant. However, die constant did not influence sectional expan-
sion index of corn flour extrudate at 25% moisture content. The extruded corn flour at 25% moisture content had
higher longitudinal expansion index than those of extruded corn flour at 20% moisture content. Sectional expansion
and longitudinal expansion index were negatively correlated. The water absorption index and water solubility index

were not affected with the die constant.
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Q: volumetric flow rate (m?/s)
P: operating pressure (Pa)

p: product viscosity (Pa - s)
k: the die constant (m®)
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1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Forward paddle
4. Reverse screw slement

L/D ratio : 24:1
p 3.2 cm

Fig. 1. Screw configuration for extruding corn flour (Model THK 31T).
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Fig. 2. The various die geometries for extruding corn flour. Top row, at 95° taper angle with L/D of (a) 0.67 (b) 1.67 and (c) 2.67;
bottom row, at 57° taper angle with L/D of (d) 0.67 (e) 1.67 and (f) 2.67.
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Fig. 3. Die constant for circular die hole geometry.
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Table 1. Die constant at different die geometries

Angle (°) Land length I%;r?c(li(iiearli}igr Die cor}lstant
(mm) (L/D) (m’)
2 0.67 8.09E-10
95 5 1.67 3.64E-10
8 2.67 2.35E-10
2 0.67 6.82E-10
57 5 1.67 3.36E-10
8 2.67 2.23E-10

Tapered: k = 37

h-n

8L 1/r -1/7

Straight (r; = r): k=m" /8L

Total the die constant: 1/k=1/k +1/k,+...+1/k,
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E-E
SME input = ¢ P o “4)

SME input: specific mechanical energy input (kJ/kg)
E: electric power when input to material (J/s)

E,: electric power when idling (J/s)

Pg: production rate (kg/s)
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SEI: cross-sectional expansion index

S,: cross-sectional area of extrudate (m?)

S,: cross-sectional area of die (m?)

D,: diameter of extrudate (m)

D,: diameter of die (m)
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LEI: longitudinal expansion index

D,: diameter of die (m)

L,.: specific length of extrudate (m/kg)
p,: density of dough (kg/m?)

M,;: dough moisture content

M,: extrudate moisture content
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VEI: volumetric expansion index
SEI: sectional expansion index
LEI: longitudinal expansion index
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Fig. 4. Effects of die constant on specific mechanical energy
input at different moisture content. @ , extrusion condition at
20% moisture content; [ ], extrusion condition at 25% moisture
content.
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Fig. 5. Effects of die constant on sectional expansion index at
different moisture content. 4 , extrusion condition at 20%
moisture content; [] , extrusion condition at 25% moisture
content.
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Fig. 6. Effects of die constant on longitudinal expansion index
at different moisture content. 9 , extrusion condition at 20%
moisture content; [] , extrusion condition at 25% moisture
content.
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Fig. 7. Relationship between sectional and longitudinal expansion
index at different moisture content. 4 , extrusion condition at
20% moisture content; [ 1, extrusion condition at 25% moisture
content.
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Fig. 8. Effects of die constant on volumetric expansion index at
different moisture contents. 4 , extrusion condition at 20%
moisture content; [] , extrusion condition at 25% moisture
content.
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Table 2. Effects of die constant and extrusion condition on
water solubility and water absorption index

Moisture Die constant  Water solubility Water absorption

content (%) (m*) index (%) index (g/g)
8.09E-10 23.75+ 1.44 5.93+0.17

20 3.64E-10 22.38 +2.38 544 +£0.32
2.35E-10 22.95+0.34 5.38+£0.10

8.09E-10 1520+ 0.70 6.53+0.15

25 3.64E-10 15.80+£0.23 6.10+0.10
2.35E-10 15.77+0.38 6.16+£0.13

6.82E-10 21.72+£3.62 5.53+£0.66

20 3.36E-10 22.74+091 5.77+0.06
2.23E-10 21.27+0.83 527+0.21

6.82E-10 19.68 £0.26 6.71+0.12

25 3.36E-10 16.82+0.11 6.47+0.12
2.23E-10 1539+ 1.04 5.96 +0.27
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Fig. 9. Effects of specific mechanical energy on water solubility
index at different moisture contents. 4, extrusion condition at
20% moisture content; (], extrusion condition at 25% moisture
content.
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