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Abstract: The study attempted to find out any effect to prevent photo aging of epoxy resin used for conservation
by way of adding UV stabilizer, one of plastic additives. Specimens were made by adding HALS and UVA UV
stabilizer as each concentration to 3 kinds of epoxy resin, which are most frequently used for artifacts joining
and restoration process, and aging effects were investigated through Color change, SEM, contact angle, FT-
IR analysis during UV aging experiments. Last, usage suitability was checked when UV stabilizer was added
through Universal Tensile strength tester. In result, it is impossible to prevent decomposition of chemical structure
in spite of adding UV stabilizer but in the case of epoxy A and R, it is believed that photo aging such as
yellowing or crack can be minimized without giving a big influence to adhesive strength of epoxy resin through
adding less than 0.1% of UVA. It is expected that above will solve photo aging problem of epoxy resin used
for joining and restoration of artifacts and will extend its life as joining and restoration materials.
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Table 1. Physical and chemical properties of epoxy resins
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Physical properties
before mixing

Physical properties
after mixing

Chemicalcomposition Ratio — - — -
Viscosity Density Viscosity Density
(cPs) (g/cm?) (cPs) (g/em’)
B R Base Bisphenol A 100  20,000~60,000 1.17 6 25.000-65.000 116
POXY B Hardener  Polyamines 100 25,000~65,000 116 11 ’ ’ :
E A Base Bisphenol A 100 50,000 1.17 45.000 105
poxy Hardener Polyaminoamide, Polyamines 80 35,000 0.92 12 ’ ’
N 5 Base Bisphenol A 100 - 1.19 8.000~10.000 116
POXy Hardener Curing Catalysts TAP 100 - 1.13 9.5 Haadin ’
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Table 2. Chemical characteristics of UV stabilizers

Chemical name

Molecular weight

HALS

Poly[[6-[(1,1,3,3-tetramethylbutyl)amino]-1,3,5-triazine-2,4-diyl]-[(2,2,6,6-tetramethyl-4-

2500

piperidinyl)-imino]-1,6-hexanediy[(2,2,6,6-tetramethy-4-piperidiny)imino]]

UVA  2-(tert-Butyl)6-(5-chloro-2H-benzotriazole-2-yl)-4-methylphenol

315.80
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Fig. 1. AE",, of epoxy R, epoxy A, epoxy D.
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1) (2)

(3) (4)
Fig. 2. The SEM images of epoxy R (x10000) @before Mafter (1) non addition, (2) H0.1%, (3) U0.1%, (4) H+U0.1%.

3) (4)
Fig. 3. The SEM images of epoxy A (x10000) @before (Wafter (1) non addition (2) H0.1%, (3) U0.1%, (4) H+U0.1%.

3) (4)
Fig. 4. The SEM images of epoxy D (x10000) @before (Wafter (1) non addition, (2) H0.1%, (3) U0.1%, (4) H+U0.1%.
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Table 3. H,O contact angle and surface energy
v 0(H,0) A0 Surface energy ASurface
stabilizer Before UV After UV (H,0) Before UV After UV energy
irradiation irradiation irradiation irradiation
X 105.5 21.6 83.9 20.08 70.3 50.22
H0.05% 101.9 239 78 25.20 67.51 4231
HO0.1% 105.8 26.9 78.9 22.58 65.15 42.57
H0.5% 106.4 18 88.4 21.61 69.77 48.16
Epoxy U0.05% 100.1 343 65.8 23.39 61.31 37.92
R U0.1% 94.7 342 60.5 29.84 60.78 30.94
U0.5% 106.4 11.6 94.8 17.61 72.92 55.31
H+U0.05% 102.6 17.3 85.3 20.63 69.94 49.31
H+UO0.1% 102.2 22.3 79.9 23.28 67.46 44.18
H+U0.5% 94.5 17.8 76.7 29.28 69.68 40.40
X 95.7 353 60.4 26.46 60.03 33.57
H0.05% 89.1 39.2 49.9 29.98 57.62 27.64
HO0.1% 91.6 39.4 522 26.23 57.42 31.19
H0.5% 94.6 39.6 55 31.28 57.42 26.14
Epoxy U0.05% 91.9 38.5 53.4 27.99 58.38 30.39
A U0.1% 91.3 37.1 54.2 27.56 59.34 31.78
U0.5% 93.2 434 49.8 26.3 54.61 28.31
H+U0.05% 87.4 27.6 59.8 34.29 65.35 31.06
H+U0.1% 88 333 54.7 30.84 61.56 30.72
H+U0.5% 91.5 44.4 47.1 27.43 53.67 26.24
X 101.4 29.6 71.8 243 64.18 39.88
H0.05% 92.9 19.5 73.4 29.67 68.83 39.16
HO0.1% 99.9 20.5 79.4 24.68 68.28 43.60
H0.5% 97.3 12.9 84.4 29.96 71.13 41.17
Epoxy U0.05% 95.1 15.6 79.5 30.3 70.15 39.85
D U0.1% 84.9 22.3 62.6 26.55 67.56 41.01
U0.5% 97.4 29.8 67.6 20.76 63.7 42.94
H+U0.05% 95.6 183 71.3 27.28 69.17 41.89
H+U0.1% 95.3 20.8 74.5 25 68.2 43.20
H+U0.5% 88.8 18.7 70.1 27.93 69.03 41.10
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Fig. 5. FT-IR Spectra of epoxy R+HALS.
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Fig. 6. FT-IR Spectra of epoxy R+UVA.
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Fig. 9. FT-IR Spectra of epoxy D+HALS.
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Fig. 10. FT-IR Spectra of epoxy D+UVA.
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Fig. 11. Results of Universal Tensile strength tester.
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