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Application of Response Surface Analysis in the Test of the Light
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ABSTRACT: The work aims to screen out five influencing factors of packaging paperboard's light-fastness test in the test
chamber and verify the method stability. The test chamber equipped with a filter xenon arc light was used to simulate the
spectral energy distribution in the ultraviolet region of the sunlight. The exposure conditions were adjusted to simulate the
daily use environment of packaging paperboard and its products. The exposure factors were analyzed by response surface
analysis, and the chromatic aberration light fastness of the printing ink of the sample was evaluated by color difference
meter. The optimized exposure conditions of test chamber were (65+1.0)°C blackboard temperature, (45+1.0)°C air tem-
perature, (50.04£2.0)% air relative humidity, 340 nm light wavelength, 0.30 W/m? light irradiance and 42 h exposure time.
The printing ink chromatic aberration AE*s of artificially exposed samples was measured by the color difference meter.
The validation test shows that the proposed method is reliable and stable, which provides analytical and testing technical
support for further standardizing the quality supervision of packaging paperboard and its products.
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Tab.1 Values of various influencing factors
A/°C B/°C C/% D/(W-m2) E/h

1 45 36 40 0.2 38
2 50 39 45 0.25 40
3 60 42 50 0.3 42
4 65 45 55 0.35 44
5 70 48 60 0.4 46
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2
Tab.2 Test results under various influencing factors
A/°C B/°C C/% D/(W-m™) E/h AE*s CIEL*a*b*
1 57.5 42 60 0.2 42 5.2
2 70.0 42 60 0.3 42 23.7
3 70.0 42 40 0.3 42 22.9
4 57.5 42 50 0.3 42 16.5
5 70.0 36 50 0.3 42 24.8
6 57.5 36 50 0.3 38 18.6
7 45.0 42 60 0.3 42 15.5
8 57.5 36 50 0.3 46 11.6
9 57.5 36 50 0.2 42 9.6
10 57.5 48 40 0.3 42 10.6
11 70.0 42 50 0.3 46 26.7
12 57.5 42 50 0.4 46 21.4
13 57.5 48 50 0.2 42 10.9
14 57.5 36 60 0.3 42 14.9
15 57.5 48 50 0.3 38 18.9
16 57.5 42 60 0.4 42 20.3
17 57.5 42 40 0.3 38 16.9
18 57.5 36 40 0.3 42 18.1
19 45.0 42 40 0.3 42 14.9
20 45.0 36 50 0.3 42 15.1
21 57.5 42 50 0.2 46 6.3
22 45.0 42 50 0.2 42 23
23 57.5 36 50 0.4 42 223
24 70.0 42 50 0.2 42 20.9
25 57.5 42 50 0.4 38 20.9
26 57.5 42 60 0.3 38 19.9
27 70.0 42 50 0.3 38 21.8
28 45.0 42 50 0.3 38 15.4
29 57.5 42 40 0.4 42 232
30 57.5 42 50 0.2 38 5.7
31 57.5 42 50 0.3 42 19.3
32 57.5 42 40 0.2 42 7.6
33 57.5 42 50 0.3 42 19.8
34 57.5 48 50 0.3 46 21.2
35 45.0 48 50 0.3 42 16.3
36 70.0 42 50 0.4 42 24.7
37 57.5 48 50 0.4 42 20.8
38 70.0 48 50 0.3 42 22.9
39 57.5 42 40 0.3 46 20.4
40 57.5 42 50 0.3 42 19.1
41 45.0 42 50 0.3 46 15.1
42 57.5 42 50 0.3 42 20.2
43 45.0 42 50 0.4 42 19.2
44 57.5 42 60 0.3 46 20.4
45 57.5 42 50 0.3 42 18.9
46 57.5 48 60 0.3 42 19.1
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Tab.3 Test results of different types of samples

AE"s» CIEL"a™b"

S-1 /
70 S-2 17.20
27 o0 6\30 S-3 /
42 ash D-1 8.19
Fpee 36 Soﬁéﬁi o D-2 38.45
. ! 4 D-3 6.98
Fig.1 3D response surface on the basis of test values D4 21.89
H-1 /
H-2 10.11
H-3 /
(65%1.0)°C (45+1.0)°C (50.0+ K )
2.0)% 340 nm 0.30 W/m?
42 h
2.2 "
4
Tab.4 Validation test
A
AE"s CIEL"a*b* AE"w CIEL"a*b*
1 BS-1.1 19.20 19.05
2 BS-1.2 15.49 15.61
3 BS-2.2 / /
4 BS-2.3 / /
5 BS-2.4 5.38 5.23
6 BD-1.2 10.58 10.50
7 BD-1.3 9.58 9.63
8 BD-1.4 13.23 13.30
9 BD-2.2 / /
10 BD-2.3 17.05 17.13
11 BD-2.4 15.39 15.41
12 BD-2.4 / /
13 BD-2.5 / /
14 BD-2.5 7.65 7.70
15 S-1.1 16.35 16.32
16 S-2.3 21.34 21.46
17 D-2.3 / /
18 D-2.5 / /
19 T-1.2 / /
20 T-2.3 / /

u/” 13 LR}
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