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ABSTRACT: This paper aims to investigate the effects of ultrasonic duration, power and frequency on the removal of marine
microfouling on polymethyl methacrylate (PMMA) surface on the basis of Box-Behnken design and response surface analysis,
by analyzing surface morphology characterization and fouling area ratio, and through the fitting equation and experimental
verification, thus providing some theoretical and experimental data supports for the application of ultrasonic antifouling
technology in microfouling control of underwater window in marine optical instruments. During this period, the microfouling on
PMMA surface was firstly constructed by dynamic cultivation in natural seawater. Secondly, the effect laws of ultrasonic
duration, power and frequency on the removal of microfouling on PMMA surface were investigated by means of the laser
confocal microscope (CLSM), and by single factor experiment and three-factor three-level Box-Behnken design. Further, the
ultrasonic antifouling interaction among ultrasonic frequency, ultrasonic time and ultrasonic power was obtained by response
surface analysis, and the regression equation of ultrasonic parameters on antifouling effect was established. Finally, the optimum
ultrasonic parameters applied for removing fouling were given based on the actual working conditions. The results show that
with the increase of ultrasonic frequency, the antifouling effect decreases, but increases with the increase of ultrasonic power and
ultrasonic duration. Compared with ultrasonic duration and ultrasonic power, ultrasonic frequency has a more significant effect
on the microfouling removal of PMMA surface. The regression equation can well predict the antifouling effect under different
ultrasonic parameters, so it can be used for the selection and design of ultrasonic working conditions according to practical
requirements of optical instruments. When the ultrasound duration is 5 min, ultrasound power is 40 W and ultrasound frequency
is 40 kHz, the antifouling effect on the PMMA surface can reach to 98.63% after the seawater dynamic cultivation for 96 h.
Therefore, it is concluded that, the regression equation of ultrasonic parameters on ultrasonic antifouling effect is established
base on response surface analysis, which is helpful to the selection of the suitable ultrasound conditions, thus making the
ultrasonic antifouling technology applied in the removal of microfouling on the surface of underwater windows of marine
optical instruments.

KEY WORDS: polymethyl methacrylate (PMMA); underwater windows; microfouling; ultrasonic antifouling; Box-Behnken

design; response surface analysis
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Fig.1 Ultrasonic antifouling test device
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Tab.1 Design of ultrasonic antifouling single factor experiments

Trial Frequency/kHz Power/W Time/min
1 20 20 5
2 40 20 5
3 70 20 5
4 80 20 5
5 110 20 5
6 80 5 5
7 80 10 5
8 80 20 5
9 80 40 5

10 80 80 5
11 80 40 1
12 80 40 3
13 80 40 5
14 80 40 7
15 80 40 10
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Fig.2 Schematic diagram of morphology and profile of

microfouling on PMMA surface
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Tab.2 Factors and levels of ultrasonic antifouling response
surface experiments

Level Time/min  Power/W Frequency/kHz
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0 5 20 70
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Tab.3 Reaults of threefactor three-level ultrasonic antifouling
response surface experiments

Trial Time/min Power/W Frequency/kHz  Effect/%
1 5 40 40 98.63+1.21
2 5 10 40 78.25+3.65
3 3 20 40 85.36+5.37
4 7 20 40 86.09+3.16
5 5 40 80 37.24+4.73
6 5 10 80 14.37+4.82
7 3 20 80 27.814+3.52
8 7 20 80 30.26+2.63
9 3 40 70 46.59+4.95
10 7 40 70 68.66+4.71
11 3 10 70 35.36+5.05
12 7 10 70 38.73+£3.43
13 5 20 70 52.68+4.59
14 5 20 70 57.27+3.96
15 5 20 70 61.78+4.71
16 5 20 70 51.09+5.87
17 5 20 70 59.87+4.32
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Tab.4 Range analysis of three-factory three-level ultrasonic
antifouling response surface experiments

Factor ~Sumof Free- Mean o, o p value Séggil
square dOIl’l square level

Model  7339.55 9  815.51 87.41 <0.0001 **

A 66.32 1 66.32  7.11 0.0322 *

B 199238 1 1992.38 213.55 <0.0001  **

C 432477 1 4324.77 463.55 <0.0001  **

AB 14.64 1 14.64 1.57 0.2506

AC 0.82 1 0.82 0.088 0.7756

BC 217.16 1 217.16 23.28 0.0019 **

A 0.85 1 0.85 0.091 0.7717

B? 110.12 1 110.12 11.8  0.0109  *

C? 36.93 1 36.93  3.96 0.0870

Residual 6531 7 9.33

Lack of fit 38.03 3 12.68 1.86 0.2773

&5 MIFAEFWEMERIE
Tab.5 Reliability verification of regression equation

Ultrasonic parameters

5min-20 5 min-20 7 min-40
W-40 kHz W-80 kHz W-80 kHz

Ultrasound effect/%

Experimental value 88.21% 47.84%  58.41%
Prediction value of model 94.79%  44.24% 56.62%
Error 7.46% 7.53% 3.06%
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