Polym. Korea, Vol. 47, No. 4, pp. 479-486 (2023) ISSN 0379-153X(Print)
https://doi.org/10.7317/pk.2023.47.4.479 ISSN 2234-8077(Online)

sfo|22|= HEE O

00
ro

Wiad dRds SEE M= H 24+

X - ZAn[* - Of b x*  E|XY Y *H* - HERE
*HERE 7 B shal nle] @ A -faf s, #reA ot g agstat
(202393 39 29 H<E, 20239 49 209 54, 20233 69 202 A€

Fabrication and characterization of Thermoplastic Fiber-Reinforced
Composites with Hybrid Fabrics

Jinwon Cho*, Yeongmi Kim*, Sangwon Lee***, Jaewon Choi***, and Jachyeung Park**"

*COTRAUM, Daegu 41756, Korea
**Department of Biofibers and Biomaterials Science, Kyungpook National University, Daegu 41566, Korea
***Department of Polymer Science and Engineering, Kyungpook National University, Daegu 41566, Korea

(Received March 2, 2023; Revised April 20, 2023; Accepted June 20, 2023)

28 G2HAE JINOE bl o1F] AR A, BT AF, o= 4R)E olgdte] solies 2
B sk 7k Felolr| 62 YT 4K soliels BaaRe] Az B4 td A7E 19
sk, slolHel= HBE olgd BEARS] A% NE AR THE 4% AUA BHE AABT 5 glow,
Az Solues Hg Telwaas] BAA% Aol BF, F7], DAV RS A B4, A ded) m
2 394 Aolst A, FF, 20 that B4 WakE sk, B A S AAEL B Fehel
SRS AL A% A =4S ATt

Abstract: This study investigates the manufacturing methods and properties of four hybrid composite materials, which
were produced by using different types of yarns (glass fiber, basalt fiber, and aramid fiber) with carbon fibers. The present
study aims to investigate the fabrication techniques and properties of four hybrid composite materials, manufactured by
combining carbon fibers with various types of yarns, including glass fiber, basalt fiber, and aramid fiber. The incorpo-
ration of hybrid fabrics in the fiber reinforced polymer composite can enhance individual material properties and yield
synergistic effects. The study analyzes the differences in impregnation behavior and mechanical properties, such as tensile
strength, bending, and impact properties of the hybrid composites. The findings of this research offer valuable design
parameters for the development of diverse composite materials.
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Table 1. Weaving Design of Woven Hybrid Fabrics
Warp (ends/inch) Weft (ends/inch)

CF 12K (6.3) CF 12K (12.4)
CF 12K (6.3) GF 600Tex (20)
CF 12K (6.3) BF 132Tex (30)
CF 12K (6.3) AF 1500D (22)

Weaving patterns

¥ 3Fe] CF= 12.4 ends/inch, GF+= 20 ends/ inch, BF=
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Figure 1. Impregnation process using double belt press prepreg
equipment.

Table 2. E-mold Press Process

Heating Heating Cooling Cooling Process

temp time temp time time Pressure
: 2

(T) (sec) (C) (sec) (sec) (kgf/m?)

250 60 30 300 360 20
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Table 3. Characteristics of the Prepared Hybrid Composite
Sample Woven fabric Matrix Composite Fiber volume Void contents Prepreg Layer Composite
P weight (g) weight (g) weight (g) fraction (%) (%) thickness (mm)  (number) thickness (mm)
CF+CF 598.4 398.9 997.3 67 2.9 0.82 2 1.60
CF+GF 681.6 4544 1136.0 62 1.8 0.77 2 1.48
CF+BF 360.0 240.0 600.0 64 0.6 0.47 3 1.32
CF+AF 351.2 234.1 585.3 69 23 0.48 3 1.38
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Figure 2. Optical microscopic images of the prepared woven hybrid
fabrics: (a) CF/CF 12.4 ends/inch; (b) CF/GF 20.0 ends/inch; (c)
CF/BF 30.0 ends/inch; (d) CF/p-aramid 22.0 ends/inch (scale bar:
10.0 mm).
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Figure 3. Tensile strength of the prepared woven hybrid fabrics
along the (a) warp; (b) weft directions.
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Figure 4. Surface and cross-section image of the final hybrid composites: (a) CF/CF; (b) CF/GF; (c) CF/BF; (d) CF/AF with 40% PA resin.

Zan, A|4778 A43, 20233



SPlHE AEg o837 G Adsh HaAEe] Ax 2 29T 483

100
80
£ 60
% \
@ I
g 40 -
| — (@ cFicF
201 __ (b)CFIGF
—— (c) CFIBF
— (d) CFIAF
0 ! ; i
200 400 600 800

Temperature (C)
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20.0 ends/inch; (c) CF/BF 23.0 ends/inch; (d) CF/AF 22.0 ends/inch.
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Figure 6. (a) Tensile strength; (b) modulus of the hybrid composites
along the weft directions.
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