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Abstract: Aramid fibers are being used increasingly in a wide range of application due to low density, high specific

strength, high modulus, and high thermal resistance. But owing to its special physical and chemical structures, it is sensitive
to absorb the ultraviolet light which will degrade the fiber's useful mechanical properties and structure. In this paper, the
sol-gel technique was used to improve the photo-stability of p-aramid fibers. TiO,, modified SiO,/TiO, sol were used as
coating solutions. The influence of the such coatings on the photo-stability of p-aramid fiber was investigated by an
accelerated photo-ageing method using xenon lamp. The photo-stability of p-aramid fiber showed obvious improvement after
the modified silica binding coating. But the amorphous TiO, sol coatings showed a negative effect. After 144h light exposure,
the modified silane binder-coated fibers showed less degradation in mechanical properties with the retained tensile strength

greater than about 70% of the original value.
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Figure 1. Chemical structure of precursors.
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Figure 2. Chemical structure of Tinuvin 1130.
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Figure 3. Overview of coating process in this experiment.
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Figure 4. UV-Vis spectra of various sol coatings on glass.
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Table 1. Characteristic properties of coated glasses
Adhesion Pencil hardness Transparency
Treatment
Cross cut test 1 kg load Eyesight
TiO; 100/100 3H untransparent
Modified SiO, 100/100 OH transparent
Modified SiO,/TiO, (A) 100/100 9H transparent
Modified SiO»/TiO, (B) 100/100 9H transparent
Modified SiO»-UVA 2% 100/100 OH transparent
Modified SiO»-UVA 5% 100/100 7H transparent
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Figure 6. Changes in tensile strength retention ratio of the
uncoated, TiO, and modified SiO,-coated p-aramids as a
function of irradiation time.
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Table 2. Changes in YI of the untreated and various
coating p-aramids before and after the irradiation

Yellowness index

Treatment Oh—144h (AYT)
Untreated 13.2
TiO, 7.6
modified SiO, 11.6
modified SiO,/TiO(A) 9.3
modified SiO»/TiO»(B) 83
modified SiO,-UVA 2% 14.3
modified SiO,-UVA 5% 14.4
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Table 3. Changes of surface chemical composition of the
untreated- and modified SiO»-coated p-aramids before and
after the irradiation

Surface chemical composition (%)

Treatment
Cls le Ols Sin Cllp

Oh-Irradiation
Uncoated 839 20 141 - -
Modified SiO, 70.7 33 204 49 0.7

144h-Irradiation
Uncoated 82.1 1.9 16.0 - -

Modified SiO, 70.1 3.0 210 52 0.7
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Figure 9. Curve fitting of the Cis spectra for the modified SiO;-coated p-aramid fiber by 144h-irradiation.
(a) uncoated-Oh, (b) modified SiO,-Oh, (c¢) uncoated-144h, (d) modified SiO,-144h

Table 4. Wave separation of the Cis spectra of the untreated- and modified SiO,-coated p-aramids before and after the

irradiation
Functional group ratio (%)
Treatment
C-C/C-H C-N C=0 0-C=0

Oh-Irradiation

Uncoated 74.3 15.2 7.7 2.8

Modified SiO, 76.1 14.0 7.0 3.0
144h-Irradiation

Uncoated 52.7 25.5 12.3 9.4

Modified SiO, 74.3 21.5 1.8 3.1
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(d

Figure 10. SEM images of surface of p-aramid fibers. (a) TiO, coated, (b) TiO, coated after washing,
(c) modified SiO, coated, (d) modified SiO, coated after washing
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