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Rust Removal and Uniform Passivation Simultaneously in
Laser Wet Cleaning Using Dual Laser Beam

Li Wei Du Peng Song Feng
(School of Physics, Nankai University, Tianjin 300071, China)

Abstract Pulsed CO, laser is used in the wet laser cleaning of rust from iron surface. By pre-spraying liquid film to
the top surface, the liquid can penetrate into the rust layer due to the porous structure of the rust, so the thermal
conductance and the mean specific heat of the rust layer can be improved. At the mean time, as the explosive
evaporation of the liquid in the rust under laser irradiation has the effect of breaking down the rust layer, the cleaning
efficiency can be efficiently increased. But it is disadvantageous that the electro-chemical corrosion of the iron will be
intensified if the liquid film has some residue. Thus, the removal of the residual liquid film is a necessary operation
after the first-step of cleaning. Acousto-optic Q-switched Nd: YAG laser is used to heat the iron surface. By adjusting
the number of laser pulse, the surface temperature can be controlled. The residual liquid film is vaporized firstly, and
then the oxidation process of the superficial iron layer can be accelerated. A dense film of iron oxide is formed above
the iron surface. Uniform passivation is realized and the corrosion resistance of the iron is modified after laser
cleaning. A device of laser wet cleaning adopting dual laser beam is designed, which can perform cleaning and
passivating simultaneously.
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Table 1 Corrosion products of iron

Corrosion Chemical formula
Colour Characteristics

products of compounds
Wuestite FeO iron (][ ) oxide Black
Magnetite Fe; O, iron (][ , [l ) oxide Black Magnetic
Maghemite ¥y -Fe, O iron ([l ) oxide Dark brown
Hematite a-Fe, Oy iron ([lI) oxide Bright-red Protective when heated above 200 C
Goethite a-FeOOH irron (]l ) oxyhydroxide Red/brown/yellow  As bulky mass
Akaganeite B-FeOOH iron ([l[) oxyhydroxide Orange Metal-rust interface, grows when

Lepidocrocite

¥y -FeOOH iron ([ll) oxyhydroxide

Limonite FeOOH iron ([l oxyhydroxide

Siderite FeCOy iron (][ ) carbonate

Pyrite FeS, iron ([ ) disulfide

Vivianite Fe; (PO, ), «8H, 0 iron (]]) orthophosphate
Rozenite FeSO, *4H, O iron ([ ) sulfate

Jarosite NaFe; (OH) (SO, ), iron (]I ) sulphate
Taconite

chloride ions around

Orange-red

Amorphous
Grey/yellow/brown In calcareous soil
Yellow
White/blue Protective
Green
Pale blue/yellow Powdery

Low-grade iron ore, contain about

25% Fe as magnetite
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