Effects of Warp-Knit Structure on the Properties of the Elastic Bamboo Charcoal/Stainless Steel Warp-Knitted Fabrics
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Abstract In recent years, the improvement of scientific techniques has significantly promoted the quality of people’s lives as well as concepts of health care. This study manufactures bamboo charcoal (BC)/stainless steel (SS) covered yarns, which are then made into four types of elastic BC/SS warp-knitted fabrics. The far infrared emissivity, anion amount, and air permeability of the resulting fabrics are then evaluated to determine the influence of the warp-knit structure and amount of layers. The experimental results show that the far infrared emissivity of BC/SS warp-knitted fabrics decreases when the lamination layer number increases. Single-layer BC/SS warp-knitted fabrics all have a far infrared emissivity beyond 0.8.
Introduction
High-tech textiles nowadays are all developed to have multiple functions. In addition to heat retention, antibacterial function, and deodorization, properties that promote health, such as far infrared rays, appeal to people. Far infrared rays are a beneficial electromagnetic waves, and have a wavelength of 4-14μm, which are good for human body [1] and called the growth ray in Japan. With emissivity, transmission, and resonance absorption, far infrared rays accelerate blood circulation, boost metabolism, and increase body’s immunity; they also have functions of deodorization, perspiration removal, and bacteria prevention [2, 3]. It becomes a fad to use far infrared products in recent years. For example, Lin et al. utilized fibers and knits to make elastic knitted products [4-7]. This study uses PET filament, stainless steel (SS) fiber, and bamboo charcoal roving to make BC/SS core spun yarn. On a crocheting machine, the yarn is then made into BC/SS warp-knitted fabrics with various warp-knit structures. The fabrics are laminated with 1 to 5 layers, and then tested for anion amount, far infrared emissivity, and air permeability, determining the value of the resulting healthy textiles to improve the environment and people’s health. 
Experimental
Materials 

Bamboo charcoal/ nylon (BC/N) yarn (Hua Mao Co., Ltd., Taiwan, R.O.C.) has a fineness of 70 denier (D)/36f and a BC content of 3 %. Stainless steel (SS) fiber (Yuen Neng Co., Ltd., Taiwan, R.O.C.) has a 0.05 mm diameter. Bamboo charcoal (BC) roving (Tung Ho Spinning Weaving & Dyeing Co., Ltd., Taiwan, R.O.C.) is composed of 70 % of rayon fiber and 30 % of bamboo charcoal fiber. PET filament (Yi Jinn Industrial Co., Ltd., Taiwan, R.O.C.) has a fineness of 150D/48f. Rubber thread (#39, Ta Yi Co., Ltd., Taiwan, R.O.C.) has a diameter of 0.65. 

Preparation of the BC/SS Core Spun Yarn 
According our previous study [8], the BC/N/SS wrap yarn with a twist per inch (T.P.I.) of 10 is chosen as the core. BC roving serves as the sheath. With a T.P.I. of 9, 12, 15, 18, and 21, a ring spinning frame makes the core and the sheath into BC/SS core spun yarn. Five types of the BC/SS core spun yarn are then tested for the tensile strength and elongation, determining the optimum T.P.I.
Preparation of BC/SS Warp-Knitted Fabrics

This study uses PET filament and rubber thread as the warp and optimum BC/SS core spun yarns as the weft to make the elastic BC/SS warp-knitted fabrics. By changing the position to feed the weft, four types of BC/SS warp-knitted fabrics are created, denoted as fabrics A, B, C, and D. Type A is made with two plies of weft from both the front and the rear, forming double-faced 2-ply BC/SS warp-knitted fabrics. Type B is made with one ply of weft from both the front and the rear, forming double-faced 1-ply BC/SS warp-knitted fabrics. Type C is made with one ply of weft from the front, forming single-faced and front-weft BC/SS warp-knitted fabrics. Type D is made with one ply of weft from the rear, forming single-faced and rear-weft BC/SS warp-knitted fabrics. Four types of warp-knitted fabrics are then laminated with 1 to 5 layers, and their far infrared emissivity (FTTS-FA-010), anion amount and air permeability (ASTM D737-04) are tested.
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types of warp-knitted fabrics are then laminated with 1 to 5 layers, and their far infrared emissivity
(FTTS-FA-010), anion amount and air permeability (ASTM D737-04) are tested.
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	Figure 1. The schematic diagram of BC/SS core spun yarn.
	Figure 2. The images of BC/SS warp-knitted fabrics, Type A, B, C, and D. The upper row (a, c, e, and g) shows the fronts and the lower row (b, d, f, and h) shows the backs.


Results and Discussion 
Effect of T.P.I. on the Elongation and Tensile Strength of the BC/SS Core Spun Yarn
Figure 3 shows that the elongation of the BC/SS core spun yarn slightly increases with the T.P.I. With an increase in T.P.I., there is a greater amount of BC roving per unit length to bear the tensile strength, making the length of the BC/SS core spun yarn to stretch longer, and thus, the elongation increases. Figure 4 shows that when the T.P.I. increases from 9 to 12, the tensile strength of BC/SS core spun yarn increases. With an increase in T.P.I., the sheath (BC roving) applies a greater compression to the core (BC/N yarn), resulting in a higher cohesive force and thus a greater tensile strength. When the T.P.I. exceeds 15, the tensile strength starts decreasing. The optimum tensile strength of 2.7 N/D occurs when the BC/SS core spun yarn is made with T.P.I. of 12; the resulting warp-knitted fabrics require a weft with a strength to a certain extent, thus determining this optimum parameter. 

	[image: image10.png]25 4

20 +

T
n

T
=)

11
(o%)uopesuory

T
n

0

15 18 21

T.PI

12





	[image: image11.png]5
2
5
1
5
0

~ — IS}
(/N) Wuaas apsua],

15 18

T.PI

12






	Figure 3. Elongation of BC/SS core spun yarn as related to T.P.I. 
	Figure 4. Tensile strength of BC/SS core spun yarn as related to T.P.I. 


Effect of Warp-Knit Structure on the Air Permeability of the BC/SS Warp-Knitted Fabrics 
Figure 5 shows that the air permeability of the BC/SS core spun yarn is influenced by various warp-knit structures, which depend on the feeding position and the amount of plies of the weft. Due to the amount of plies of the weft, Type A has the lowest air permeability, followed by Type B, Type D and Type C. Although Types C and D are both composed of a ply of weft, the air permeability of Type C is greater than that of Type D, which is a result of different warp-knit structures. The warp, PET filament and rubber thread, and the weft fulfill the pores of the resulting fabrics, thereby decreasing the air permeability of Type D. 
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	Figure 5. Air permeability of the BC/SS warp-knitted fabrics as related to warp-knit structure. 
	Figure 6. Anion amount of the BC/SS warp-knitted fabrics as related to warp-knit structure.
	Figure 7. Far infrared emissivity of the BC/SS warp-knitted fabrics as related to lamination layer number.


Effect of Warp-Knit Structure on the Anion Amount of the BC/SS Warp-Knitted Fabrics
Figure 6 show that the variation in the anion amount of Types A, B, C, and D is little, this is due to the BC roving, the metal element and carbides that are attached to the BC powder can create anions after being triggered by the ionizing radiation caused by environmental stimulation, such as temperature, friction, and pressure. The anion amount released by the four types of the warp-knitted fabrics is approximately 300 counts/cm3. 
Effect of Lamination Layer Number on the Far Infrared Emissivity of the BC/SS Warp-Knitted Fabrics
Figure 7 shows the far infrared emissivity of the BC/SS warp-knitted fabrics. Type A has the greatest far infrared emissivity, followed by Types B, D, and C. The greater the amount of the plies of the weft, the higher the amount of the BC per unit area. In addition, with an increase in the lamination layer number, the far infrared emissivity of the four warp-knitted fabric types decreases. When lamination layer number increases, the far infrared rays are unable to penetrate the resulting warp-knitted fabrics within the same unit time. In addition, heat resource cannot be transmitted to the lower layers of the fabrics, which in turn fail to emit far infrared rays, resulting in a decrease in the far infrared emissivity. 
Conclusion
This study successfully creates the BC/SS core spun yarn and warp-knitted fabric. The core spun yarn with a T.P. I. of 12 has the maximum strength and stability. The warp-knit structure has an influence on the air permeability of warp-knitted fabric but does not have an influence on the anion amount of the warp-knitted fabric. Type C has the optimum air permeability of 90 cm3/s/cm2; however, there is no significant difference in anion amount of Types A, B, C, and D. The far infrared emissivity of the warp-knitted fabrics decreases with lamination layer number; However, with a lamination layer number of 1-4, four types of the warp-knitted fabrics all have a far infrared emissivity above 0.8, an effective level to help people’s health, qualifying their uses as healthy textiles for wristers, girdles, and support belts.
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