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Effect of Die Geometry and Carbon Dioxide Injection on Physical
Properties of Extruded Corn Flour
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Abstract

The objective of this study was to determine the effect of die geometry and carbon dioxide injection on the physical
properties of extruded corn flour. The extrusion variables were melt temperatures of 95 and 110°C; carbon dioxide
gas flow rates of 0, 100 and 200 mL/min. In die dimension, the length was 2 or 5 mm and the tapered angle of
die hole was 57 or 95° The specific mechanical energy (SME) input was the lowest at 110°C melt temperature,
200 mL/min carbon dioxide gas flow rate and 3.36x10"°m’ die constant. The sectional expansion of corn flour
extrudate was higher at 57° than that at 95° tapered angle. Also, the sectional expansion was increased with increas-
ing carbon dioxide injection flow rate from O mL/min to 200 mL/min. The specific length was increased with
increasing carbon dioxide injection rate. The density, breaking strength and apparent elastic modulus were lower in
the low die constant. Extruded corn flour at 95° tapered angle had more pores than one at 57° tapered angle.
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Table 1. Proximate compositions of corn flour®.
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FE=AFES EFAX7|(DS-FCPO250, DongSeo Sci.
Co., Seoul, Korea)ol|X] 80°CZ 5A|7F 7AZ3}e] 33518, H]
dol, 9%, ARV @A, FIEE SAHsAoH,
Micro Hammer-cutter Mill(Type 3, Culatti AG Co., Zurich,
Switzerland)Z 0.5 mm A E AFE-3lod 223 F 60 mesh
A (Testing sieve, ChungGye Industrial Mfg. Co., Gunpo,

Material

Composition (%)

Moisture Fat

Protein Ash Carbohydrate®

Corn flour 11.9940.11 0.9540.01

6.26+0.06

0.40£0.01 80.40

AEach value is mean+SD of three replicates.

BCarbohydrate contents were calculated as the difference of 100 - (moisture + fat + protein + ash).
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1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Forward paddle
4. Reverse screw element

L/D ratio : 24:1
¢:32cm

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. (a) and (b): 95° taper angle with die land of 2 and 5 mm, respectively;
(c) and (d): 57° taper angle with die land of 2 and 5 mm, respectively.
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Fig. 3. Formula for die constant of circular die hole geometry.

Table 2. The die constant of extrusion die at different die
geometries.

Land length Land length/Land Angle () Die constant
(mm) diameter (L/D) & (m®)
5 167 57 3.36x10°
’ 95 3.64x107°
) 0.67 57 6.82x107"°
' 95 8.09x107"°

9] A AnlE 71U A (HS-RMH, HwaShin Co.,
Seoul, Korea)Z UEMATE = ARFEY Ale] AFH oA
BE 33 Ale] dHE A7 A 5o FYE AY
& FAATHA 1),
E-E,
Pr

SME input = 1)
SME input: specific mechanical energy input (kJ/kg)

E: electric power when input to material (kJ/s)

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

Py production rate (kg/s)
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p.: Bulk density of extrudate (g/cm®)

p,.: Bulk density of millet (g/cm®)

M: Mass of extrudate (g)

M,: Mass of millet in cup (g)

M;,: Mass of extrudate and millet in cup (g)
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F_: Maximum stress of extrudate (N)

S: Cross-sectional area (m?)
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E,,,: Apparent elastic modulus (N/m?)
dF/dl: Slope of the linear section of the force-distance

curve (N/m)
D: Diameter of extrudate (m)
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Table 3. The SME input (kJ/kg) of extruded corn flour at different die constant.

Extrusion parameters

Die constant (m®)

Temp. (°C) CO, (mL/min) 3.36x10"° 3.64x10™° 6.82x10™"° 8.09x101°
0 228.57+3.50 228.3542.55 235.7142.14 264.19+0.75
95 100 235.2043.74 270.10+2.31 223.07+2.43 239.87+7.47
200 232.50+7.90 233.90+5.22 230.35+1.37 238.92+0.76
0 156.58+11.97 232.96+2.22 151.53+9.78 234.63+6.53
110 100 152.54+3.89 232.5145.40 158.89+14.22 231.17+7.04
200 149.3145.03 226.84+8.75 152.16+6.74 227.6843.53

Each value is meantSD of three replicates.
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Fig. 4. Expansion index of extruded corn flour with CO, gas
injection at different die constant. T95-G0: Extruded corn flour
at 95°C without CO, gas; T95-G100 and T95-G200: Extruded
corn flour at 95°C with 100 and 200 mL/min CO, gas flow rate,
respectively; T110-GO: Extruded corn flour at 110°C without
CO, gas; T110-G100 and T110-G200: Extruded corn flour at
110°C with 100 and 200 mL/min CO, gas flow rate, respectively.
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Fig. 5. Specific length of extruded corn flour with CO, gas
injection at different die constant. T95-G0: Extruded corn flour
at 95°C without CO, gas; T95-G100 and T95-G200: Extruded
corn flour at 95°C with 100 and 200 mL/min CO, gas flow rate,
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110°C with 100 and 200 mL/min CO, gas flow rate, respectively.
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Table 4. Breaking strength (N/m?) of extruded corn flour at different die constant.

Extrusion parameters

Die constant (m®)

Temp. (°C) CO, (mL/min) 3.36x10"° 3.64x107"° 6.82x107° 8.09x107°
0 2.21E+05 2.17E+05 1.35E+06 1.71E+05
95 100 6.57E+05 5.81E+05 8.71E+05 9.89E+05
200 7.05E+05 4.94E+05 6.70E+05 7.79E+05
0 2.31E+05 2.49E+05 1.14E+06 7.84E+05
110 100 2.97E+05 5.13E+05 4.33E+05 4.76E+05
200 2.96E+05 5.66E+05 4.38E+05 5.07E+05
Each value is mean of three replicates.
Table 5. Apparent elastic modulus (N/m”) of extruded corn flour at different die constant.
Extrusion parameters Die constant (m’)
Temp. (°C) CO, (mL/min) 3.36x107"° 3.64x107"° 6.82x107° 8.09x10™"°
0 1.81E+09 1.23E+09 1.70E+09 1.32E+09
95 100 4.98E+08 3.20E+08 7.37E+08 7.22E+08
200 4.27E+08 2.76E+08 3.20E+08 4.61E+08
0 3.10E+08 1.07E+09 6.39E+08 8.23E+08
110 100 1.78E+08 3.02E+08 1.83E+08 2.73E+08
200 1.35E+08 2.89E+08 1.63E+08 2.42E+08

Each value is mean of three replicates.
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Fig. 8. Scanning electron micrographs of extruded corn flour at 95°C melt temperature with CO, gas injection.
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Fig. 9. Scanning electron micrographs of extruded corn flour at 110°C melt temperature with CO, gas injection.
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