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Abstract

In this study, the optimization of 3D printing process parameters for the fabrication of CNT/ABS
nanocomposites was investigated using the Taguchi method. The primary objective was to optimize the
mechanical properties, weight, printing time, and material consumption of the fabricated parts. To achieve
this, key printing parameters—including printing temperature, printing angle, infill percentage, printing
speed, infill pattern, carbon nanotube (CNT) weight fraction, and layer thickness—were systematically
examined to identify the most optimal configuration. Experimental results revealed that infill percentage
and layer thickness had the most significant influence on tensile strength and Young’s modulus;
specifically, increasing the infill percentage and decreasing the layer thickness led to notable improvements
in these properties. Furthermore, by optimizing these parameters and precisely adjusting the printing angle,
the part weight was reduced, and both printing time and filament consumption were optimized.
Additionally, the ratio of strength to the product of weight, printing time, and filament length was
introduced as an effective index for evaluating the overall printing performance.
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Fig. 2 Stirring the solution with a magnetic stirrer
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Table 1 DOE based on Taguchi method
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Fig. 6 Printed nanocomposite samples containing multi-walled carbon nanotubes
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Table 2 Filament tensile test results.

(EMPa)) Kb Jgae (O maxMPa)) _:iS oSl
T
161.9 1619.90 3.42 34.18 ABS
205 2050.81(+26.63%) 4.11 41.06(+20.12%) CNT/ABS 0.5%
187.2 1872.99 (+15.64%) 3.95 39.46(+15.45%) CNT/ABS 0.8%
170.6 1706.51 (+5.34%) 0.80 37.97(11.11%) CNT/ABS 1 %

oud Sl sladisas (rae cadld 5 ola Gloj o) GRS o903l @l 3gu
Table 3 Results of tensile tests, weight, printing time and comsumed filament of 3D-printed specimens

S o "“‘M N R T T J’:jfg” e “’&’:‘:ﬁ”
—_— (B ran Soadks . _ o o B W diged £95
Wxtx] (o (ai3s) @5 S Jge USabise) S plSoel Skl

2.01 0.47 21 1 80.8 1060.19 1.37 19.88 1

2.73 0.53 12 1 109.4 986.85 0.77 17.35 2

3.55 0.6 10 0.9 86.3 1190.11 0.56 19.16 3

1.30 0.59 26 1.2 203 1389.08 1.95 23.86 4

2.19 0.65 15 1.1 190.6 1554.82 0.44 23.49 5

1.97 0.73 12 13 38.8 1567.34 0.53 22.41 6

0.88 0.71 29 15 126.3 1827.11 1.08 27.11 7

1.27 0.77 17 1.7 124.9 2209.88 0.82 28.19 8

1.53 0.85 13 15 156.3 2140.12 229 25.30 9

0.95 0.47 51 0.9 194.7 979.82 0.47 20.60 10

1.54 0.52 27 1 159.5 1277.18 1.06 21.68 11

1.84 0.62 19 0.9 162.8 1157.82 0.60 19.52 12

0.45 0.6 66 15 141.4 1419.24 0.72 26.74 13

0.83 0.65 33 1.2 57.9 1643.85 0.90 21.32 14

1.08 0.73 24 1.4 194.3 1635.50 0.81 26.38 15

0.33 0.72 76 1.6 155.5 1858.56 2.03 28.92 16 }
0.72 0.77 40 15 139.5 1755.42 1.64 33.25 17 i
0.75 0.85 28 12 91.3 1186.45 1.04 21.32 18 3
1.23 0.6 28 1 170.3 1056.38 0.53 20.60 19 éL
226 0.59 16 1.1 111.8 1566.3 1 23.49 20 A
1.97 0.65 13 1 112.5 864.35 0.86 16.62 21 o
1.05 0.6 35 1.1 100.6 1255.58 230 24.22 22 9
1.59 0.66 20 1.1 81.6 1524.08 1.17 23.13 23 8
2.01 0.73 15 1.1 202.8 1532.23 1.94 24.22 24 3
0.80 0.71 40 1.4 162.9 2259.2 0.43 31.81 25 Y
1.37 0.77 22 1.4 39.9 2259.68 1.51 32.53 26

1.43 0.85 17 1.4 150.9 2143.25 0.62 28.92 27 _35
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Fig.7 Main effect diagrams: a) weight, b) printing time, c) tensile strength and d) Amount of utilized filament used
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