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ABSTRACT N
N

One of the agricultural waste management methods with the least damage to the ehvironment is to
convert them into materials with more benefit and durability. In this research, apple fruitiwaste was used for
pelletizing. The effect of different pelletizing conditions on particle density, compréssive strength and
shrinkage were studied. In order to pellet making from the apple waste, moisture content of 30, 40 and 50%
(w.b.), the raw material input temperature of 25, 45 and 65 °C, the die diameter of 6 8 and 10 mm, and the
stress relaxation time of 5, 10 and 15 were used. In this research, the respgfise“surface method for data
analyzing and optimizing was used. The highest value of particle density inithe pellet production (3329.87
kg/m?) was obtained under the raw material input temperature of 25 °C, the stress relaxation time of 5s, the
moisture content of 30% and the die diameter of 10 mm. The highest campressive strength (331.65N) in the
pelletizing process was achieved at input temperature of 25 °C, the Stress relaxation time of 15 seconds, the
moisture content of 50% and the die diameter of 6 mm. The hlghe\st shnnkage value (59.6%) was obtained at
the raw material temperature of 25 °C, the stress relaxation time of 15 seconds, the moisture content of 50%
and the die diameter of 6 mm. The optimum condition of peMet production process was achieved at the raw
material input temperature of 64.95 °C, the stress relaxation time of 15s, the moisture content of 30% and the
die diameter of 9.66 mm. In these conditions, the optlml}m values of response variables for apple waste were
estimated to be 3329.88 kg/m® 327.246N and, 8 2t38% for particle density, compressive strength and

shrinkage, respectively. S

Keywords: Pletting, Optimization, Appleiwaste, Particle density, Compressive strength, Shrinkage
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\ .
Independent variables Levels
Coded variables -1 0 +1
Product temperature (°C) X1 25 45 65
Moisture content (%w.b.) X2 270 450 630
Stress relaxation time (s) Xs 5 10 15
Die diameter (mm) Xa 6 8 10
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Table 2. Design of experiments using central composite design (CCD) for apple waste pelleting.

Exp. run Actual values (Coded values) Replication
Product temperature Moisture content (%w.b.) Stress relaxation Die diameter
(°C) time (s) (mm)
1 45 (0) 40(0) 10 (0) 8 (0) 65
2 25 (-1) S0 (+1) 5 (-1) 6 (-1) o
3 25 (-1) 0(1) 5 (-1) 10 (+1) oo
4 45 (0) 50 (+1) 15 (+1) syt 1
5 65 (+1) 0(1) 15 (+1) W06 (1) 1
6 25 (-1) S0 (+1) 15(+1) . o$ ¥ 10(+1) 1
7 45 (0) 400 15 (+1); d 8 (0) 1
8 25 (-1) 0(D) 15+1) 6 (0) 1
9 25 (-1) 40(0) \10 (0) 8 (0) 1
10 25 (-1) S0 (+1) » 5 (-1) 10 (+1) 1
11 65 (+1) S0 (D) 3 v 15 (+1) 6 (-1) 1
12 65 (+1) R ('\1) X 5(-1) 6 (-1) 1
13 65 (+1) 30¢D) 5 (-1) 10 (+1) 1
14 65 (+1) &30 5 (+1) 6 (-1) 1
15 65 (+1) 2} 0(1) 15 (+1) 10 (+1) 1
16 65 (+1) 50 (+1) 5(-1) 10 (+1) 1
17 45 (@) 40(0) 5(-1) 8 (0) 1
18 35 (0) 0(1) 10 (0) 8 (0) 1
19 3 \\ 45 (0) 40(0) 10 (0) 6 (-1) 1
20 ( 25 (-1) 0(D) 15 (+1) 10 (+1) 1
2 65 (+1) 50 (+1) 5 (-1) 6 (-1) 1
22 45 (0) 40(0) 10 (0) 8 (0) 1
23 25 (-1) 0(1) 5(-1) 6 (-1) 1
24 65 (+1) 400 10 (0) 8 (0) 1
25 25 (-1) 50 (+1) 15 (+1) 6 (-1) 1
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Table 1. The analysis of variance of independent variables on responsgvariables of pellets produced from apple

fruit waste. &
Source of variation .. PValues
Particle density campressive strength Shrinkage
Model <0.0001** 0.0027** <0.0001™
Material temperature (A) 0.00458™%% 0.0029" <0.0001*"
Stress relaxation time (B) 0.5268. 0.0307" 0.1655
Moisture content (C) =0:0001** 0.0009" <0.0001*
Die diameter (D) 2 <0.0001* 0.2683 0.0073"
AxB 0.9128 0.7608 0.2125
AxC 0.012° 0.0045™ <0.0001™
AXD§ 0.0044* 0.0025™ 0.0305"
BC 0.8433 0.9159 02102
4" BxD 0.4902 0.7217 0.7297
CxD <0.0001** 0.3225 0.001*
S A2 0.2346 0.4498 0.0027*
B2 0.5607 0.8990 0.5639
c? 0.4743 0.4443 0.0006™
D2 <0.0001* 0.7003 0.098
Lack of Fit (p-Value) <0.0001** 0.1296 0.01™

** Highly significant at 1% level; * Significant at 5% level
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