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ABSTRACT: For the problems of remanufactured parts including low surface paint removal efficiency and incomplete clean-
ing, the work aims to use molten salt cleaning technology for cleaning, study removal mechanism of molten salt cleaning thor-
oughly, and compare the reasons of high removal efficiency of molten salt cleaning with those of thermal decomposition treat-
ment. Micro-morphology of the paint was observed by SEM. Besides, internal structural characteristics and element distribution

of the paint were analyzed. Based on former results, gasification, thermal expansion and oxidation effects of molten salt cleaning
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were further explained. Thermogravimetric experiment was used to determine temperature at which the maximum weight loss
rate of paint and paint and molten salt mixture occurred, kinetic analysis of pyrolysis process was carried out in Coats-Redfern
integration method, and corresponding activation energy of thermal decomposition and in the molten salt was calculated. A dis-
tinct layered structure consisting of an epoxy resin primer and a polyurethane-based finish appeared inside the paint. Main
components of the structure were organic substances. The surface would be softened under high-temperature conditions. There-
fore, thermal expansion effect of the molten salt did not significantly affect paint removal, and gasification and oxidation effects
in the molten salt removal mechanism were the main removal effects. According to the thermogravimetric experiment result, it
could be seen that the molten salt exhibited good thermal stability and large heat capacity at about 300 ‘C. Compared with high
temperature thermal decomposition, the molten salt made the maximum decomposition rate of the paint reduce from 350 ‘C to
305 ‘C, and decomposition activation energy of the paint reduce from 114.4 kJ/mol to 74.1 kJ/mol. Main removal mechanisms
of molten salt cleaning are gasification and oxidation, which can effectively reduce the maximum decomposition rate of paint
and activation energy required by decomposition reaction, improve efficiency of paint removal, and reduce reaction temperature.

KEY WORDS: remanufacturing; paint removal; molten salt cleaning; gasification; thermal expansion; oxidation; activation
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Fig.1 Micromorphology of paint at different magnification
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1.2 E%ﬁdﬁ Tab.1 Elemental distribution in polyurethane finish
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BEHIEEH 10%LE48 Al, Ti, Cr. Fe %4 @Lx,
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Element C (@) 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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Tab.2 Element distribution in epoxy primer

Element C (6] Al Si Ti Cr Fe Pb

Mass 45 57 2830 047 047 3.86 4.79 0.68 15.87
fraction/%

Alomic 6477 3019 030 0.29 1.37 1.57 021

fraction/% 131
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Tab.3 Boiling point of hydrocarbons

Carbon

number 1~55-10

10~13  13~25 25~30 =30

Boiling

point/C =30 30~170 170~250 250~350 350~500 =500
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Fig.2 Paint surface before and after heating: (a) before heating;(b) after heating
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Tab.4 GC-M S qualitative and area ratio of gas products

Retention time/min Components Area proportion
2.14 C4H,,0 1.10
2.194 CsH;,0 0.66
2.358 C;HsO 2.28
2.498 CsHy 0.74

2.6 CsH 5305813 2.19
2.885 C,HgO 0.97
3.016 C,4H;0, 14.22
3.175 C,HgO 0.41
3.828 C¢Hg 11.84
4.365 CsHgO 4.28
5.352 CsH;0, 19.02
6.382 C;Hg 3.89
11.209 C¢H,,0 26.47
12.525 C;H,0, 1.41
12.868 C1oH300Sis 0.79
13.686 CgHg 8.54
14.116 CsH,,0 0.80
15.311 C;HsO 0.40
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Tab.5 Sample number, composition and mass

Procedure Composition Mass/mg
1 Paint 1.8
2 Molten salt 4.0
3 Mixture of molten salt and paint 0.8+3.2
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HHERES 1. 3 7E 200~500 °Ca] 2k iR, 15
FIHEARE T M DTG (R ) i<k, WK 6
Jin o HE 6 AT A5, T e ke £k v o i i 1) e Rk
HRTE 305 CAAT, KT A i de R Ok Bk
REERIRE 350 C, FUIRAIELL T BRI 1)
I R 5k AR

— Paint
0.005 | — Mixture of paint
and molten salt
X
S 0.004
E
£ 0.003}
&
< 0.002
5
E 0.001 |
0

200 250 300 350 400 450 500
Temperature/C

Ko MEMAAFNFHE DTG ik
Fig.6 DTG curve of paint in different medium
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