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[Abstract] The refined oriental lacquer, obtained from oriental lacquer by heating with
agitation and dehydration, is a natural polymeric coating which possesses a satiny texture
and excellent chemical resistance and durability of film. However, its film contains aromatic
urushiol polymeric structure which results in poor lightfastness. In this study, for improving the
lightfastness of refined oriental lacquer, a micrometer rutile titanium dioxide (TiO,) of 0, 1, 2,
3, 5,10, 15, 20 and 30 phr (by wt. of solid content of refined oriental lacquer) was added to the
refined oriental lacquer, respectively. The effects of adding amounts of TiO, on the lightfastness
improved efficiency and the coating and film properties of refined oriental lacquer were
examined. The results showed that the color and gloss of refined oriental lacquer would be lost on
the adding amounts of TiO, over 10 phr. The color difference (A E*), brightness difference (A L*)
and yellowness difference (A YI) of refined oriental lacquer film without adding TiO, were
31.1, 10.7 and 99.0, respectively, after UV exposure of 192 hrs. Furthermore, the lightfastness
of refined oriental lacquer could be improved significantly by adding only 1 phr of TiO, and its
AE* AL* and AYI were 15.0, 6.2 and 54.6, respectively. At the same time, the gum separated
out to the surface of film decreased by SEM inspection. According to FTIR analysis, the major
photodegradation of the refined oriental lacquer film occurred in the benzene ring and side chain
structure of urushiol which could be slowed down by adding TiO,. Meanwhile, the film with 1
phr TiO, added had excellent balance properties between impact resistance, bending resistance,

adhesion, heat resistance and other performances.
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Table 1 Coating properties of refined oriental lacquer with different amounts of TiO,

Drying time (hr) (25°C, 80% RH)

TiO, (phr) pH Viscosity (cps, 25°C) - -
0 3.5 1049 6.5 10.0
1 3.5 1056 6.0 10.0
2 3.5 1063 6.0 10.0
3 3.5 1091 6.0 10.0
5 3.5 1211 6.0 9.0
10 3.5 1352 6.0 9.0
15 3.5 1606 6.0 9.0
20 3.4 1664 6.0 9.0
30 3.4 2367 6.0 9.0

“TF : Touch-free dry.
" HD : Harden dry.

-
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Fig. 1 Time dependent brightness difference (A L*) of refined oriental lacquer films with different
amounts of TiO, after UV exposure.
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Fig. 2 Time dependent yellowness difference (A Y1) of refined oriental lacquer films with different

amounts of TiO, after UV exposure.
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Fig. 3 Time dependent color difference (A E*) of refined oriental lacquer films with different amounts

of TiO, after UV exposure.
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T-1 phr-0 hr T-1 phr-192 hr T-15 phr-0 hr T-15 phr-192 hr
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T-3 phr-0 hr T-3 phr-192 hr T-30 phr-0 hr T-30 phr-192 hr

T-5 phr-0 hr T-5 phr-192 hr

B4 RETIORINEFEZIRIZIEHI(0 hr)#(192 hr) X ZENER -
Fig. 4 Appearances of refined oriental lacquer films with different amounts of TiO, before (0 hr) and
after (192 hr) UV exposure.

]2 RETIORIMMEBRRRZIEIRIE192 2 FRM S IE
Table 2 Lightfastness of refined oriental lacquer films with different amounts of TiO, after UV
exposure of 192 hr

After UV exposure of 192 hr

TiO, (phr) 60° Gloss (%) Gloss retention (%)
AL* AYI AE*
0 10.7 99.0 31.1 22 +1 84
1 6.2 54.6 15.0 80 82
2 8.3 38.6 13.3 8§80 77
3 10.5 31.7 144 9+0 81
5 13.8 18.9 16.6 7+0 76
10 18.3 6.6 19.6 80 85
15 222 2.5 232 8§+ 0 87
20 229 -8.3 24.1 9*0 88

30 243 -11.7 25.2 11£0 100
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Fig. 5 Scanning electron microscopic image (1350x) of refined oriental lacquer films with different
amounts of TiO, before (0 hr) and after (192 hr) UV exposure.
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Fig. 6 FTIR spectra of refined oriental lacquer films with different amounts of TiO, before (0 hr) and
after (192 hr) UV exposure.
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Table 3 Fundamental properties of refined oriental lacquer films with different amounts of TiO,

Hot-cold-cycle test

TiO, Hardness Mass retention Tg
(phr) (kbnig, sec) (Wt. %) (C) 60° Gloss Cycle test Gloss retention
(%) (cycles) (%)
0 82 £ 1 93.5+£0.2 101 22+ 1 >20 113
1 85+ 2 93.7 £0.1 103 14£0 >20 100
2 83 £ 1 93.6 £0.1 110 12£0 >20 111
3 82+ 1 949 £ 0.2 108 15£0 >20 123
5 76 £ 1 945 = 0.4 114 19+0 >20 104

* The gloss retention was tested after 20 times of hot-cold-cycle test.
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Table 4 Mechanical properties of refined oriental lacquer films with different amounts of TiO,

TiO, Impact Adhesion Be.ndlng Elongation Strain Ab'rasmn
(phr) resistance (arade) resistance strength at break energy resistance
PG00 g em) B (mm) (%) (kJ) (mg/1000 circles)

0 10 10 2 182 +£07 11.7£09 41+04 27.8 £ 0.0

1 10 10 2 159 £08 107 +05 33+£03 26.8 £ 2.4

2 10 8 4 152 +08 103 +08 3.0x£03 26.1 £ 0.7

3 10 8 4 144 14 103 09 26=%05 20.5 + 04

5 5 6 8 134 £ 09 9611 1.8=%03 17.1 £ 0.5
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Fig. 7 Thermogravimetric diagrams of refined oriental lacquer films with different amounts of TiO,.
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Fig. 8 Derivative thermogravimetric diagrams of refined oriental lacquer films with different amounts

of TiO,.
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Table 5 Temperature of max decomposition rate (Tdmax) and derivative weight of refined oriental

lacquer films with different amounts of TiO,

stage 11 stage 111
TiO,
(phr) Tdmax Derivative weight Tdmax Derivative weight
(C) (Y%o/mim) (C) (%/mim)
0 307 -2.8 441 -6.7
1 307 -2.4 444 -7.0
2 310 -2.1 446 -1.4
3 308 -2.8 447 -6.8
5 308 -2.6 448 -6.7
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