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ABSTRACT: Epoxy-based carbon fibers reinforced plastic (CFRP) exhibit limitations in their suitability for industrial
applications due to high brittleness characteristics. To address this challenge, extensive investigations are underway to
enhance their toughness properties. This research focuses on evaluating the toughening mechanisms achieved by
Polyamide 6 particles(p-PA6) and Carboxyl-Terminated Butadiene-Acrylonitrile (CTBN) elastomer, with a specific
emphasis on utilizing minimal additive quantities. The study explores the impact of varying concentrations of p-PA6
and CTBN additives, namely 0.5, 1, 2.5, and 5 phr, through comprehensive Mode I fracture toughness and tensile
strength analyses. The inclusion of p-PA6 demonstrated improvements in toughness when introduced at a relatively
low content of lphr. This improvement manifested as a sustained fracture behavior, contributing to enhanced
toughness, while simultaneously maintaining the material's tensile strength. Furthermore, the investigation revealed
that the incorporation of p-PA6 affected in particle aggregation, thus influencing the overall toughening mechanism.
Incorporation of CTBN, an elastomeric modifier, exhibited a pronounced increase in fracture toughness at higher
concentrations of 2.5 phr and beyond. However, this increase in toughness was accompanied by a reduction in tensile
strength, resulting in fracture behavior similar to conventional CFRP exhibiting brittleness. The synergy between p-
PA6, CTBN and CFRP appeared to marginally enhance tensile strength under specific content conditions. As a result
of this study, optimized conditions for the application of the p-PA6, CTBN toughening technology have been
identified and established.
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Table 1. The specifics regarding the manufacturing conditions of
the specimens

Unidirectional Carbon fiber fabric (200 g/m?*)
KFR-5121 ( Bisphenol F type epoxy)
KFH-9581LV (Anhydride type)

Materials

Toughening | Carboxyl Terminate Butadien Acrylonitrile

agents Polyamide 6 powder (Size : 15-20 um)
Amount [0.5,1,2.5,5 phr
Dispersion CTBN : Mech:.anical. stirrer(20 m) .
PA6 : Mechanical stirrer(20 m) & Ultrasonic(15 m)
Forming | Vacuum bagging after hand ray-up, [0],
process Oven curing at 125°C for 2 h, 1 bar

1300X13 CTBN, GoodFwllow ji AM30-PD-000110 A%
2 FYsheTh CRRP 49 34, W7l 0 24k 2
Table 19 7 2] s}o] LYebf )lom, H71A| o] FaF= B7t
5}7] 998lo] Mode I Interlaminar fracture toughness
(ASTM D5528) 1}7] 014 A8, ¢1AA] & (ASTM D3039) I
et n|HS Bt deshd B8 3519
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Fig. 12 7HA|9] 2o W (a) 271+t E T 14 (Gy)
I (b) #+EAA 37 AA(G) Y Delamination Resistance
Curve 212 Mode I - Modified Beam TheoryS. & #HAlE]
RIt}. Fig. laoj|A] p-PA62] 0.5 phr, 1 phr 29| u=} G ¢k
o] Z}Z} 6%, 14% 57151 1 o]Z 2.5 phr, 5 phr 7 9]
w2} 2+ 1.4%, -6%2 A2} ZAE= AL selsteict. CTBN
7= A3HE(0.5 phr, 1.0 phr)o| 4] oF 1.4% Z71=2 a7}
Ao, 1§kaF(2.5 phr, 5 phr)FE 24%, 39%= F 114 Q]
74918} 70| TAESITE. Fig. 1604, p-PA6= 1.0 phrel
A AR A e m Frtskl e, o] 3 H A} ZF4xsho] 5.0 phr
27104 Neat Az} GARHAIE o] TaEIic} CTBN
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oz F WHak= glow, 2.5 phr o)/ E F7shs Akl
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Fig. 1. The results of (a) Interlaminar fracture toughness (Glc)
and (b) Delamination resistance curve of Mode-|

Fig. 2, 3= Mode-I A|8 9] (a) Load-Displacement 12} 3,
Al H EHo|A 9] (b) Fetan|d dxt 2 Q73 v A

60 —— Neat
2, —— PAG-0.5phr
---------------- —— PA6-1.0phr
50 ;,H:‘ o ——— PAG-2.5phr
_________________ o a —— PAG6-5.0phr
N = —
= Py L""A"
% 13
= 30 -
H
=]
- e
20 - Crack propagation direction
5 & A 8 8 i iy
— Ny Ty
G Initial s:\% %:&:&:\
Crack | ) |&
=== Stick 2NN Slip 22N Stable propagation
o = T ' T * T x T ® T il 1
0 10 20 30 40 50 60

Displacement (mm)

(a) Load-displacement Graph

(b) OM results and Toughness Mechanism

Fig. 2. The results of (a) Load-displacement and (b) Optical
microscope, Toughness mechanism of p-PA6 modified
CFRP
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Fig. 3. The results of (a) Load-displacement and (b) Optical
microscope, Toughness mechanism of CTBN modified
CFRP
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Fig. 4. The results of (a) Tensile properties and (b) Optical micro-
scope, p-PA6 aggregation in PA6 modified CFRP
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