Synergistic effect of the strength increasing of
fiberglass by reinforcing epoxy binder with
carbon nanotubes
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Introduction: Fiver reinforced polymer composites, due to the outstanding | = _ 7 =Ty,
mechanical properties and low density have been extensively used in high performance ' y P T
applications, such as aerospace, automotive, shipbuilding and sports. The using of the
nanosized particles as a fillers of polymer binder in order to improve the physical and
mechanical characteristics of polymer composites is relevant and actively investigated EADS MAS France Eit Systoms. Israel
INn recent years. Tracker SkylLark ]

Multi-walled carbon nanotubes and their oxygen-modified forms
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Modification of CNTs by oxygen under controlled conditions
A3 of anodic oxidation in concentrated sulfuric acid

Fig. 2. Scheme of vertical electrochemical reactor: 1-body,
2-anode, 3-cathode, 4-separator (membrane), 5 — CNTs
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Fig. 1. TEM images of carbon nanotubes 1 it 49.1 17.2 17.2 16.5
CNT: Young's modulus ~1.8 TPa; Tensile strength ~150 GPa; Aspect ration n = 103; Fe¢ = 1/n~ 0.1% wt. 120 A-n/kg 53.8 19.8 13.6 12.8
b, =488 S mioomw 12502001 bz | | P8 1 458 om 100MW 2 50 1501 2. L L A S S S Vacuun fting
#6 488 nm 100mW 2 50x 200_1 p3.txt ——#1 488 nm 100mW 2 50x 150_1 p3.txt L 205 Vacuum film

Drajnage\‘

< g L 220 =
; s EE, Separating film — ‘
i ﬂ E 15 © Adhesive tape ' Ty
2 = —~ = = Fabric once to using B
: g n X L 215 < 2 -
= < © S
< c 5 S Prepreg
g § 1,4 1 5 Separator :
@ @ - 210 ¢ — N

E Sealant tape "

o Equipment i ——

1,3 L 205 e
" s00 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000 12 +~—r——7—"—"7"—"—T1"—"—T+T1"—T"—T"—T—"—T7—F 200 Fia.5. Diaaram of vacuum moldina samples of GRP
Raman shift (cm”) Raman shift (cm™) 20 40 60 80 100 120 140 160 180 200 220 g,0. 9 g P

Amount of electricity, (AL1h/kg)
Fig.3. Raman spectra of CNTs: Initial — left, after transmission of 120 Ah/kg — right The prototype of the fiberglass plastics were consisted of
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Table 2. The basic parameters of the characteristic bands, which are manifested in the i lyeiss O o | e wiiln & 2Ernslisy off LI gim= tiln @

micro-Raman spectra of CNT’s of different degrees of oxidation Fig. 4. Dependence of oxygen LI 0l P\./C LT bond.Ed With 2 SITEET: °POxXy res.i N
content from O1s XPS spectra LR 285 with a polymerization catalyst LH286 filled with
: _ _ _ _ _ of and specific surface area CNTs or their modified oxygen or nitrogen forms.
Samples CNT’s | D,cm™ | G, em™*| 2D, em™ | Dy, €M~ | Gryypym, CMH| g, aU. | lg, au. | Ip/lg determined by nitrogen CNTs were injected into the epoxy resin on a three-roll
. adsorption-desorption on the mixer, and the polymerization catalyst - by ultrasonic
120 A-n/kg 1352 1583 2r11 95 59 11.78 | 1134 | 104 amount of electricity passed treatment. Model specimens were obtained by vacuum
initial 1348 1573 2706 51 53 9.0 10.4 | 0.86 pressing. The scheme is shown in Fig. 5.

Mechanical characteristics of composite materials
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Conclusion. Reinforcement of epoxy resin brand LR 285 by mixing with oxidized CNTs on the mixer with three rolls for two-layer sample of fiberglass increases the its tensile strength

by 59%, and the initial CNTs by ultrasound in amine hardener LH 286 - by 54%o. If, at the same time, oxidized CNTs and initial CNTs are reinforced into resin and the hardener in the
same amount as in first time, a synergistic effect is observed: the strength limit is almost doubled. This effect is explained by the fact that the amine hardener in the interaction with CNTs
acts as a surfactant. In this case, it orients the hydrocarbon part to the CNTs, and the amino groups - outwards, which confirms our quantum chemical calculations [1]. The resulting
surface layer prevents reverse agglomeration of CNTs after dispersion. Because, it is the amino groups that react with the epoxy groups of the resin, the interaction of the polymer matrix
with the surface of the CNT is enhanced. For oxidized CNTs, the opposite is true. In the case of dispersion of oxidized CNTs in the resin, the most oxygen-containing groups on the surface
of CNTs (due to their polarity) prevent reverse agglomeration after dispersion.
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