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Physical Properties of Pulp Extrudates Mixed with Expanding Additives

D. B. Song C. H. Kim

H. S. Jung Y. M, Lee

Extrusion process and physical properties of extrudates of pulp powder (TMP, thermomechanical pulp fibers) mixed with
expanding additives was evaluated to develop biodegradable packaging materials. To find out the optimum condition, the
status of extrusion process, coefficient of elastic and expansion ratio of extrudates were tested on the composites (wheat
flour, soluble starch, polyvinyl alcohol), blending conditions of composites and moisture contents of extrudates. In case of

material composition, wheat flour played a key role to keep extrusion process irrespective of the added amounts of soluble

starch and polyviny! alcohol. The coefficient of elastic of extrudates was increased and the expansion ratio was reduced
as the added amounts of wheat flour increased. Also, the coefficient of elastic of extrudates was decreased as the moisture
content of extrudates increased. The lowest coefficient of elastic was 439.55 kPa under the condition, of pulp powder mixed
with 20% of wheat flour based on pulp weight and 10% of soluble starch based on wheat flour weight and controlled 10%

(wb) of moisture content.
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Table 1 Specification of experimental apparatus

Description Specification Remarks
Screw dia. (mm) 40
Screw length/dia. (L/D) 5
Screw revelution (rpm) 150 (Max.) Variable
Outlet capacity (kg/hr) 50 Variable
Barrel temp. (C) 0-150 Variable
Inlet capacity (kg/hr) 100 (Max.) Variable
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Fig. 2 Photograph of expanded polystyrene samples.
Table 2 Experimental conditions of pulp powder
Iterns Levels Remarks
Pulp powder 1 (TMP) 600 g
Expanding additives 3 (Wheat flour, Soluble starch, PVA)
Amount of expanding additives 4 (10, 20, 30, 40%) Based on weight of pulp powder
Amount of water 1 (100%) 600 ml
Table 3 Experimental conditions of expanding additives
Items Levels Remarks
Pulp powder 1 (TMP) 600 g
. . 3 (Wheat flour+Soluble starch, Wheat .
Expanding additives flour+PVA, Soluble starch+PVA) Variable
Amount of water | 1 (100%) 600 ml
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Table 4 Extrusion status of pulp powder mixed with expanding additives

. . Added weights (%)
Expanding additives Remarks
10 20 30 40
Wheat flour n.e. e €. e.
Soluble starch ne. n.e. ne. ne. ¢. : extruded
n.e. : not extruded
PVA n.e. n.e. n.e. n.e.

Table 5 Coefficient of elastic of expanded polystyrene samples

Added weight (%) Sample Coefficient of elastic (kPa)

1 152.24

2 123.39

3 127.34

Twist 4 148.02
5 141.01

Mean 138.40

S. D. 12.63

1 110.81

2 100.90

3 145.95

Cylinder 4 125.61
5 113.00

Mean 119.25

S. D. 17.32

1 699.43

2 782.36

3 790.67

Square 4 554.78
5 665.26

" Mean 698.50

S. D. 96.55
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Table 6 Extrusion properties of pulp powder mixed with wheat flour
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Fig. 3 Coefficient of elastic & expansion ratio of pulp powder
extrudates.

kel Forel 10%0] el RN 9F 2]
o] Fsalgdon, olrth BAY FE 9ol 4% Ae]
2bssklth weh] AARZAS Nz T A%

S5 Hlgo] WS F98 24t g AL o 4 Q9lck

Added weight (%) Extrudate sample Coefficient of elastic (kPa) Expansion ratio (%)
1 607.74 129.33
2 574.59 133.33
3 758.40 138.67
20 4 990.88 150.00
5 779.11 108.00
Mean 742.14 131.87
S. D. 165.56 15.43
1 1121.14 117.33
2 1767.64 113.33
3 1406.51 112.00
30 N 4 1271.37 10333
5 1198.39 112.00
Mean 1353.01 111.60
S. D. 254.52 5.11
1 2476.18 118.67
2 2585.36 116.00
3 2870.17 110.00
40 4 2809.95 108.00
5 2913.00 108.00
Mean 2730.93 112.13
S. D. 190.31 491

Table 7 Extrusion status of pulp powder mixed with combined expansive ingredients

Combined expansive ingredients Remarks
Material WF : wheat flour
WF +SS WF+PVA SS+PVA SS : soluble starch
PVA : polyvinyl alcohol
TMP e. e. n.e. ¢ : extruded

n.e. : not extruded
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Table 8 Extrusion properties of pulp mixed with combined expansive ingredients (wheat flour+soluble starch)

Material Wheat flour Soluble starch Extrudate sample Coefficient of elastic (kPa) | Expansion ratio (%)
1 791.19 124.00
2 763.98 186.00
3 646.83 150.00
20% of TMP 10% of wheat flour 4 796.07 190.00
5 772.44 175.00
Mean 754.10 165.00
S. D. 61.40 27.71
1 1252.53 116.67
2 1071.81 150.00
3 1244.71 180.00
T™MP 30% of TMP 10% of wheat flour 4 1311.16 178.00
5 1336.85 186.00
Mean 1243 .41 162.13
S. D. 103.50 28.96
1 2331.32 101.33
2 2213.23 155.00
3 2147.30 162.00
40% of TMP 10% of wheat flour 4 2040.48 150.00
5 227347 155.00
Mean 2201.15 144.67
S. D. 112.95 24.60

Table 9 Extrusion properties of pulp mixed with combined expansive ingredients (wheat flourtPVA)

Material Wheat flour PVA Extrudate sample Coefficient of elastic (kPa) | Expansion ratio (%)
1 985.15 110.00
2 1182.99 165.00
3 1181.76 180.00
20% of TMP 10% of wheat flour 4 1240.13 150.00
5 1002.97 150.00
Mean 1118.60 151.00
S. D. 116.28 26.08
1 2497.96 103.33
2 2269.56 165.00
3 2425.75 168.00
TMP 30% of TMP 10% of wheat flour 4 2643.90 175.00
5 2550.88 168.00
Mean 247761 155.87
S. D. 140.90 29.60
1 3114.68 109.33
2 2999.67 106.67
3 3102.41 103.33
40% of TMP 10% of wheat flour 4 2808.11 106.67
5 2722.28 103.33
Mean 2949.43 105.87
S. D. 176.64 2.56
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Fig. 4 Coefficient of elastic of pulp powder extrudates mixed with
combined expansive ingredients.
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Fig. 6 Coefficient of elastic of extrudates mixed with soluble starch.
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Fig. 5 Coefficient of elastic of extrudates mixed with wheat flour.
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