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Table 1 High level, low level and center point value of
the factor.
Level P/B Blending ratio
Low level 0.2 1.0
High level 0.8 4.0
Center point 0.5 2.5
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Table 2 DOE experimental design and weatherability test results.
Standard order Running order Plot type Grouping P/B Blending ratio GR (%) AE
1 1 1 1 0.2 1.0 20.17 8.26
2 2 1 1 0.8 1.0 20.65 8.98
3 3 1 1 0.2 4.0 10.22 9.43
4 4 1 1 0.8 4.0 3.20 12.32
5 5 -1 1 0.2 2.5 12.69 9.32
6 6 -1 1 0.8 2.5 5.08 11.23
7 7 -1 1 0.5 1.0 25.64 7.28
8 8 -1 1 0.5 4.0 6.57 9.72
9 9 0 1 0.5 2.5 6.45 9.79
10 10 0 1 0.5 2.5 7.34 9.32
11 11 0 1 0.5 2.5 7.55 9.43
12 12 0 1 0.5 2.5 6.89 9.48
13 13 0 1 0.5 2.5 7.84 9.92
Table 3 Analysis of variance and model results about GR.
Degree of freedom Adj SS? AdjMS*® F-value ° P-value ¢
Model 4 4.21004 1.05251 65.36 0
Linear 2 3.24552 1.62276 100.77 0
P/B 1 0.70176 0.70176 43.58 0
Blending ratio 1 2.54376 2.54376 157.97 0
Quadratic 1 0.61369 0.61369 38.11 0
Blending ratio * Blending ratio 1 0.61369 0.61369 38.11 0
Two-way interaction 1 0.35083 0.35083 21.79 0.002
P/B * Blending ratio 1 0.35083 0.35083 21.79 0.002
Error 8 0.12882 0.01610
Lack-of-fit 4 0.10489 0.02622 438 0.091
Pure error 4 0.02394 0.00598
Total 12 4.33886

Model summary

R-sq=97.03%, R-sq(adjusted)=95.55%, R-sq(predicted)=84.80%

@ Adj SS: adjusted sum of squares; ® Adj MS: adjusted mean square; ¢ F-value: ratio of effect variance to error variance; ¢ P-value:

probability value.
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Fig. 1 Residual plots of GR.
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Fig. 2 Pareto chart of GR.
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Fig. 3 Main effects plot of GR.
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Table 4 Analysis of variance and model results about AE.
Degree of freedom AdjSS® AdjMS® F-value¢  P-value¢
Model 5 0.185596 0.037119 33.86 0
Linear 2 0.138833 0.069417 63.33 0
P/B 1 0.048120 0.048120 43.90 0
Blending ratio 1 0.090713 0.090713 82.76 0
Quadratic 2 0.038322 0.019161 17.48 0.002
P/B * P/B 1 0.027189 0.027189 24.80 0.002
Blending ratio * Blending ratio 1 0.025719 0.025719 23.46 0.002
Two-way interaction 1 0.008441 0.008441 7.70 0.027
P/B * Blending ratio 1 0.008441 0.008441 7.70 0.027
Error 7 0.007673 0.001096
Lack-of-fit 3 0.004872 0.001624 2.32 0.217
Pure error 4 0.002801 0.000700
Total 12 0.193269

Model summary

R-sq=96.03%, R-sq(adjusted)=93.19%, R-sq(predicted) =78.20%

2 Adj SS: adjusted sum of squares; ® Adj MS: adjusted mean square; ¢ F-value: ratio of effect variance to error variance; ¢ P-value:

probability value.
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Fig. 6 Main effects plot of AE.

Table S Comparison of predicted and measured values.

. 95% Confidence 95% Prediction Actual
Fitted value

interval interval value

Condition 1 P/B=0.4 GR (%) 10.50 (9.36, 11.79) (7.67, 14.38) 11.35
Blending ratio=2 AE 8.89 (8.61,9.18) (8.17,9.68) 8.65

Condition 2 P/B=0.6 GR (%) 4.84 (4.04, 5.80) (3.43, 6.83) 4.36
Blending ratio=4 AE 10.31 (9.76, 10.89) (9.37,11.34) 9.95
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Research Article

Study on Durability of Coil Coatings Based on Design of Experiments

Guang-cai Guo!, Qiang Chen!, Qian-gian Niu2"*
(!Becker Industrial Coatings (Shanghai) Co., Ltd., Shanghai 20161 3)
(°State Key Laboratory of Advanced Fiber Materials, College of Materials Science and Engineering,
Donghua University, Shanghai 201620)

Abstract Coil coatings play a pivotal role in safeguarding metal substrates against environmental degradation;
however, their durability optimization remains a critical challenge in industrial applications, which are mainly
characterized by excessive dependence on empirical methods and intricate interactions among multiple influential
factors. Thus, this study aims to address these critical issues. The design of experiments (DOE) methodology was
adopted as the core research framework, implemented using Minitab statistical software to ensure rigorous
experimental design and data analysis. The key variables investigated included pigment blending (ranging from 0.2
to 0.8 by weight) and the blending ratio of high-durability resins (with weight ratios ranging from 1:1 to 4:1). The
color change and gloss retention of coil coating were tested after ultraviolet fluorescent aging test. The effects of
pigment loading and the blending ratio of high-durability resins on aging resistance were systematically
investigated. Statistical analysis of the DOE data revealed that pigment loading, high-durability resin blending, and
their interaction effect were statistically significant (P<0.05). Specifically, moderate pigment loading (0.4) provided
optimal color stability, while a blending ratio of 1:1 (weight ratio of general to high-durability resin) synergistically
enhanced both color stability and gloss retention. Furthermore, the established model elucidated the regularity of
the response between the aforementioned factors and the aging resistance of the coating. The synergistic
mechanism between pigment loading and high-durability resin blending was quantified, validating the high
efficiency and feasibility of the DOE approach in coil coating formulation development. These findings provide a
scientific basis for rational formulation design with tailored performance and reduced development costs.

* Corresponding author: Qian-gian Niu, E-mail: nqq@dhu.edu.cn
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