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Abstract : Optimum conditions for UV-radiated photopolymerization of unsaturated polyester that could be used as
protecting layer of large diameter pipe were investigated in this paper. UV photopolymerization method was se-
lected to solve the problems, arising when thermal polymerization by organic peroxide was used, such as the in-
stability of peroxide initiator, the evolution of volatile organic compound, and thermal deformation of product.
Two of the photo-initiators (Irgacure 819 and Darocure 1173) well known for its penetrating ability deep into the
polymer layer were selected, and the optimum conditions for photopolymerization (1.5 phr initiator content, 1:1.2
initiator ratio, Ga lamp for UV source) were found from the thermal and mechanical test results of the resultant UP
polymers. In addition, composite materials containing UP polymer and glass fiber were tested for hardness, impact
strength, and flexural strength to find that the impact strength of composite significantly improved.
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Table 1. Comparison of UVs on the wavelength, energy level,
and permeability

Type Wavelength (nm)  Energy Level Permeability
UVA 315-420 Weak Strong
UvB 280-315 Medium Medium
uvC 180-280 Strong Weak

Table 2. Applications of UV lamps

UV Lamp | Wavelength (am) Applications
Mercuty 365 nm UV curing for general purpose
Metal Curing for thick layer and
260-
halide 260-420 nm black/white layer
Gallium 260-460 nm Deep penetrating layer
Xenon 350-470 nm Printing
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Figure 1. Comparison of UV energies radiated from a Ga
lIamp for (a) 40 sec and (b) 80 sec at 5 cm distance.
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Figure 2. The effect of initiator content ((a) 1, (b) 1.2, (c)
1.5, and (d) 2 phr) on hardness at various thickness
under the conditions of 40 sec radiation for 1, 2
mm thickness, 80 sec radiation for 5 mm thickness
and 5 cm radiation distance. S stands for thermally
polymerized UP at room temperature.
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Figure 3. IR spectra of UV-cured UP polymer with various
initiator mixing ratio under 1.5 phr and 5 mm
thickness. S stands for thermally polymerized UP
at room temperature.
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Figure 4. Thermogravimetric analysis of polymer with various
thickness (a) 1, (b) 2, and (c¢) 5 mm under the
conditions of 1.5 phr, 40 sec radiation for 1 and 2
mm, 80 sec radiation for 5 mm and S cm radiation
distance.
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Figure 5. DTA analysis of polymer with various thickness (a)
1, (b) 2, and (¢) 5 mm under the conditions of 1.5
phr, 40 sec radiation for 1 and 2 mm, 80 sec
radiation for 5 mm and 5 cm radiation distance.
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Figure 7. The effect of initiator content ((a) 1, (b) 1.2, (c) 1.5,
and (d) 2 phr) on impact strength at various
thickness under the conditions of 40 sec radiation
for 1, 2 mm thickness, 80 sec radiation for 5 mm
thickness and 5 cm radiation distance.

Figure 8. The fractured surfaces of (a) thermally-cured specimen,
(b) UV-cured one (I:1 initiator mixing ratio), (c)
UV-cured one (1:1.2 ratio), (d} UV-cured one (1:1.3
ratio), and (e) UV-cured one (1:1.6 ratio) prepared
at 1.5 phr.
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Figure 9. The effect of initiator content ((a) 1, (b) 1.2, (¢) 1.5,
and (d) 2 phr) on flexural strength at various
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Table 3. Comparison of light energies emitted from Ga and Hg
lamp for 40 sec and at a distance of 5 cm

Ga Lamp (mJ/cm’) Hg Lamp (m}/cm’)
Uva 1853.882 7717.279
UVB 1230.857 3976431
uve 0.000 637.640
uvy 7022765 4063.474
H7f ate] AT & dojuhy] wiFoletn 24
3L
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Figure 10. Compressive strength of thermally cured specimen
(S) and UV-cured one (80 sec duration, and 5 cm
distance) for 5 mm thickness and 5 cm radiation
distance.
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Figure 11, Comparison of hardness of UV-cured UP polymer
prepared under (a) Ga and (b) Hg lamp.
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Table 4. Comparison of impact and flexural strength of UP
polymer impregnated with glass fiber

Thickness of glass fiber Impact strength Flexural strength
1 Layer (1-1.5 mm) 300-800 J/m 1-3 MPa
2 Layer (2-2.5 mm) 300-1000 J/m 3-4 MPa
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Figure 12. Comparison of impact strength of UV-cured UP
polymer prepared under (a) Ga and (b) Hg lamp.
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Figure 13. Comparison of flexural strength of UV-cured
UP polymer prepared under (a) Ga and (b) Hg
lamp.

Figure 14. Photo-polymerization process of UP polymer
including glass fiber.
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