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Abstract: Recently, the demand has increased for protective clothing materials capable of shielding the wearer from bul-
lets, fragment bullets, knives, and swords. It is therefore necessary to develop light and soft protective clothing materials
with excellent wearability and mobility. To this end, research is being conducted on hybrid design methods for various
highly functional materials, such as carbon nanotube (CNT) sheets, which are well known for their low weight and excellent
strength. In this study, a hybrid protective material using CNT sheets was developed and its performance was evaluated.
The material design incorporated a bonding method that used a binder for interlayer combination between the CNT sheets.
Four types of binders were selected according to their characteristics and impregnated within CNT sheets, followed by fur-
ther combination with aramid fabric to produce the hybrid protective material. After applying the binder, the tensile strength
increased significantly, especially with the phenoxy binder, which has rigid characteristics. However, as the molecular
weight of the phenoxy binder increased, the adhesive force and strength decreased. On the other hand, when a 25% light-
weight-design and high-molecular-weight phenoxy binder were applied, the backface signature (BFS) decreased by 6.2 mm.
When the CNT sheet was placed in the middle of the aramid fabric, the BFS was the lowest. In a stab resistance test, the
penetration depth was the largest when the CNT sheet was in the middle layer. As the binder was applied, the stab resistance

improvement against the P1 blade was most effective.
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Table 2. Manufacturing Conditions According to Binder Type

Table 1. Properties of Binder Sample code. Product Binder content (%)
Binder Product Molecular weight SO - 0
phenoxy PKHC 43,000 S1 PKHC 5
phenoxy PKHH 54,000 S2 PKHH 5
polyvinyl butyral Butvar® 40,000~70,000 S3 Butvar® 5
acrylate Suave - S4 Suave 5

Binder 5wt%

CNT sheel

XP/CNT sheet
hybrid fabric

Binder Mixing
in Solvent

Dipping in binder
solution

Press dewatering Dry
and flattening

Figure 1. Manufacture process of hybrid protective materials with CNT Sheet.
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Figure 3. Test equipment of stab resistance test.
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Table 3. Characteristics According to Type of Binder
Weight (g/m?)

Sample - - - Thickness
code. Beforfs blnnder Aﬁer. b11.1der Pick up (mm)
lamination lamination (%)

XP 14p 169.1 169.1 0 42
S1 126.2 129.7 2.7 33
S2 126.6 130.7 33 34
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Figure 5. SEM image according to binder type : (a) PKHC, (b) PKHH, (C)Butvar®, (D)Suave.



Characteristics of Hybrid Protective Materials with CNT Sheet According to Binder Type 201

—

@

[=1
1

B
1
-

o
(o]
o
1
——
—

Y

=]

[=]
1

[}
=}
1
—t
——

=)
(=]
1

Ultimate Tensile Strength (MPa)
8
1 1 L

]
=1
1

19 S S 0 T

T
S0 $1 §2 §3 S4

30

—

——
H
P

20

Elongation (%)

10

S0 $1 52 §3 S4

Figure 6. Tensile strength and elongation according to binder type.
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Figure 7. High-velocity impact test according to lamination method : (a) Kevlar®, (b) CNT sheet.
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Figure 8. High-velocity impact test according to binder type.
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Figure 9. Stab resistance test according to lamination method : (a) P1 blade, (b) Spike.
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