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ABSTRACT: The work aims to study a de-painting technology based on ultrasonic compounding of molten salt, so as to re-
move thick paint on remanufactured end caps. Firstly, microstructure and composition of the paint were analyzed by SEM and
FTIR. Composite cleaning mechanism was revealed by combining the laws of molten salt removal and ultrasound removal.
Then, on this basis, a composite cleaning test was carried out. In the method of central composite test, with composite cleaning
cycle as evaluation index, test data was fitted to establish regression equation and response surface model, and Minitab was used

for optimal analysis of such process parameters as cleaning temperature and ultrasonic power, and experimental verification was
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set up. A clear layered structure was obtained inside the paint, and its main ingredients were organic compounds including ester

groups, epoxy groups and aromatic compounds. Besides, composite cleaning mechanism was effect of thermal expansion,

chemical, surface tension and ultrasonic cavitation. With the increase of cleaning temperature and ultrasonic power, chemical

reaction rate in the cleaning field was increased, ultrasonic cavitation effect was intensified, and composite cleaning capability

was enhanced. The shortest cleaning cycle was 4.5 min, optimal cleaning parameters were: temperature 335 “C and ultrasonic

power 1440 W. Residual volume of surface contaminant was 0.2 mg after cleaning, and changing rate of hardness and tensile

strength was 0.83%, 1.68%, respectively. These all meet remanufacturing standards. Ultrasonic cleaning of molten salt can ef-

fectively remove contaminants by selecting suitable process parameters, and cleaning effect and mechanical properties meet re-

manufacturing standards.

KEY WORDS: remanufacturing; composite cleaning mechanism; ultrasonic cleaning of molten salt; central composite test; op-
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Fig.1 Microstructure of paint profile
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Tab.1 Elements and mass per cent of the paint

Elements C O Al Si Ti Cr Fe Pb
Mass fraction/% 57.86 23.15 0.37 0.62 4.75 2.77 0.51 9.97
Atomic fraction/% 74.00 22.22 0.21 0.34 1.52 0.82 0.14 0.74
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Fig.2 Infrared spectrum of finish paint (a) infrared spectrum
of topcoat (b) infrared spectrum of primer
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Tab.2 Test factorsandlevels

Element Low High
Temperature 6/°C 270 340
Ultrasonic power P/W 1000 1440
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Tab.3 Cleaning cycle under different cleaning parameters

Number Tempe:rature Ultrasonic Cleaning
0/°C power P/W cycle t/min
1 329.749 1375.56
2 305.000 1220.00 8
3 280.251 1375.56 16.25
4 305.000 1220.00 8.5
5 340.000 1220.00 5
6 305.000 1220.00 8.5
7 280.251 1064.44 25.5
8 305.000 1220.00 8.5
9 270.000 1220.00 26
10 305.000 1440.00 7.75
11 305.000 1220.00 8.5
12 305.000 1000.00 9.5
13 329.749 1064.44 5.5
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Tab.4 Estimated regression coefficients for cleaning cycles under different cleaning parameters

Item Coefficient Standard error 0 P
Constant 8.600 0.114 75.13 0.000
Temperature —6.006 0.221 -27.12 0.000
Ultrasonic power —-0.589 0.126 -4.67 0.005
Temperaturex Temperature 2.547 0.195 13.04 0.000
Ultrasonic powerxUltrasonic power 0.063 0.101 0.62 0.562
TemperaturexUltrasonic power 0.435 0.218 2.00 0.102
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Fig.4 Residual plots of cleansing cycle: (a) normal probability plot, (b) fitted value, (c) histogram, (d) sequence
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Tab.5 Hardness and tensile strength of each specimen

Items Test group Control group Change percentage
Hardness (Five readings’ mean) 35.7HRB 36.1HRB 0.83%
Tensile strength 305.425 MPa 310.648 MPa 1.68%
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