Removal of polyurea spray coatings from the surface of cement concrete by water jet technology
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Abstract

The paper is focused on the removal of polyurea spray coatings from the surface of cement concrete by the water jet technology. A series of experiments was conducted to disintegrate a defined polyurea spray coat layer on the surface of cement concrete tiles using different configurations of the water jet system. The results of these experiments have confirmed that the continuous water jet was highly effective in removing the spray coat, causing no damage to the concrete substrate underneath. The partial experimental results have also indicated that this process can be used to produce an anti-skid finish on polyurea spray coatings applied onto horizontal structures.

Introduction

Polyurea, an elastomeric copolymer, is the reaction product of an isocyanate and an amine blend component. It is widely used mainly in the coating industry, as primers or protective coatings. Polyurea spray coating work can produce wide-area water-proofing as well as quality spray coatings on concrete, steel, wood, and other structural materials providing protection against corrosion, abrasion/erosion, and inclement weather.

Polyurea exhibits outstanding properties, such as: high tensile strength, high elongation at break, excellent adhesion to the surfaces of a variety of materials, high resistance against chemical and mechanical aggressions (Horgnies et al. 2011), thermal stability up to ca. 200 °C (Awad & Wilkie 2010) as well as extremely short cure times (of the order of seconds, or tens of seconds).

Concrete structures constitute an important application area: polyurea can be applied onto the surfaces of engineering and transportation structures to produce insulation coatings thereon which are impermeable to water, or it can be used to form solid floor surfacing or sturdy wear-resistant systems. The coatings are sprayed on roofs, floor, staircases, swimming pools, tanks, sewerage sumps, drainage troughs, or on concrete pipes for protection.

The process makes use of no solvents or volatile substances, and the extreme rapidity of curing allows the spraying operations to be conducted even in humid environments, without foaming of the polymer. The coat is produced by spraying the components A and B blended to a 1 : 1 ratio. Thanks to very rapid curing the polyurea systems may also be applied on vertical or tilted surface; they are not prone to flowing off. The spray coat can be walked on after ca. 30 seconds. The polyurea spray coats can be exposed to UV radiation, do not crumble, and are not susceptible to surface cracking. Cured polyurea does not exhibit any dangerous properties and is environment friendly.

The spraying of polyurea has been studied by a number of authors. Huang et al. (2011) studied the changes in mechanical properties after aging of spray pure polyurea coatings applied for hydraulic concrete protection. Greene & Myers (2013) described the flexural behavior of polyurea-coated concrete beams. Horgnies et al. (2011) reported about factors influencing adhesion between the polyurea coating and the surface of high performance concrete. Durability of polyurea coatings for sewer pipes exposed to biogenic sulfuric acid has been studied by De Muynck et al. (2009).

There are instances where the polymer spray coating has to be removed from the surface of concrete: for example, during repairs of constructions, in cases where the spray coat was of poor quality (due to peeling off the substrate, unequal thickness, excessive foaming, etc.) or on expiry of the service life of a coat which no longer fulfils the insulating function.

This paper deals with the removal of polyurea spray coatings from concrete substrates using water jet technology. The water jet is an effective tool for removal of polymer spray coatings (Briscoe et al. 1997), capable of removing them efficiently without damaging the substrate material. In addition, the water jet process may be used for targeted surface finishing of concrete structures prior to the actual spray coating operation, either to strip off any degraded layers of concrete or as the case may be, to roughen the surface of the structure (Momber & Kovacevic 1994, Sitek et al. 2013).

Materials

Tiles 300 × 300 × 33 mm in size for outdoor use, made of compressed fine-grained cement concrete, were used in the experiments. The tile surface was spray coated with two layers of dark grey polyurea (Fig. 1). High-pressure type Graco Reactor E-XP2 equipped with preheating of both components of the blend was used to perform the spraying operation. The actual spraying was done using Glascraft spray gun, at a pressure of 16 to 18 MPa.
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Fig. 1. Macro photograph of the section of a concrete tile provided with a polyurea spray coat

Polished sections were made of the prepared samples for a microscopic analysis of the coating structure and for assessment of the character of the contact between the surface of concrete and the polyurea coat. Image processing and analysis techniques were used to determine the average thicknesses of the spray coat layers, the porosity of the coating mass, the size of bubble pores within the coating, and the degree of foaming of the material. A microphotograph of the polished section is shown in Fig. 2.

On all the samples examined the polyurea coat was continuous, macroscopically compact, and undamaged. Adhesion of the coating mass to the concrete substrate was very good forming a strong union. Inequalities in the surface of the concrete were entirely filled with the coating mass. The contact interface showed no visible gaps, cavities or any other areas of poor adhesion.
The average coating thickness was 1.55 mm. Isolated bubble pores varying in size were uniformly distributed in the coating mass; they were of spherical shapes, with an average size of 25 µm (min. 2 µm, max. 127 µm).  The porosity and the degree of foaming of the polyurea mass were 9 % and 1.1, respectively. The coating mass of all the samples analyzed consisted of two sub-parallel layers (Fig. 2) separated by a narrow, less foamed zone. The layers 1 (situated closer to the surface of concrete) and 2 had average thicknesses of 0.75 mm and 0.8 mm, respectively.

Mechanical properties of the spray coat material were examined by testing the tensile strength as per EN ISO 527-1 and EN ISO 527-3 on specially prepared polyurea foils having the same thickness as that of the spray coating. According to the tensile test data, the average tensile strain at break was σB = 17 MPa and the elongation at break was εtB = 580 %.
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Fig. 2. Microscopic section of the spray coat layers. The interface between the spray coat layers 1 and 2 is indicated by a broken line (the polished section was photographed in reflected light of an optical microscope)
Water jetting
The method applied for polyurea spray coat removal was the continuous water jet process using robot ABB IRB 6640-180/2.55 and Hammelmann HDP 253 high-pressure plunger pump. Disintegration of the spray coat was performed using a Hammelmann fanjet nozzle having an equivalent diameter of 2 mm and a spraying angle of 10°. The distance of the nozzle from the surface being disintegrated was kept constant at 55 mm. Disintegration took place at two different water pressures (20 and 30 MPa) and at three different traverse speeds (30, 20, and 10 mm.s-1). This produced four parallel traces ca. 17 mm wide on the surface of each sample, with a slight (ca. 2 mm) overlap. The process parameters employed to produce the various test traces are listed in Table 1. 

Results and discussion

The character of traces produced by action of the water jet upon the surface being disintegrated is described in Table 1. Figures 3 through 8 are macro photographs of the traces produced. With the water jetting system configuration employed, the degree of removal of the spray coat at the water pressure of 20 MPa is dependent on the traverse speed. At the speeds of 30 and 20 mm.s-1 the spray coat was not fully penetrated to the concrete substrate. However, the surface of polyurea layer was altered – it is composed of short, strong fibres acquiring a rough, felt-like appearance (Figs. 3 and 4). At the speed of 10 mm.s-1 the spray coat becomes essentially separated from the concrete substrate. Any residues of the spray coat mass remaining on the surface of concrete after this jetting operation can be removed relatively easily by manual detaching (Fig. 5).
Table 1 Character of the water jetting traces left on the disintegrated surface.

	Trace
	Pressure [MPa]
	Traverse speed

[mm.s-1]
	Character of the disintegrated surface 

	A (Fig. 3)
	20
	30
	Surface constituted by 4 parallel traces in polyurea coating with a moderate overlap (ca. 2 mm). The coat surface has a felt-like appearance and is composed of short, strong fibers. The coat treated by the water jet has not been fully penetrated to the concrete substrate. An indistinct, felt-like ridge stands out in the zone where the traces overlap.

	B (Fig. 4)
	20
	20
	Surface constituted by 4 parallel traces in polyurea coating with a moderate overlap (ca. 2 mm). The coat surface has a felt-like appearance and is composed of short, strong fibers. The coat treated by the water jet has not been fully penetrated to the concrete substrate. A more conspicuous, felt-like ridge stands out in the zone where the traces overlap.

	C (Fig. 5)
	20
	10
	Surface constituted by 4 parallel traces in polyurea coating with a moderate overlap (ca. 2 mm). In the traces, the spray coat has been cut through down to the concrete substrate. In the zone where the traces overlap there appears a discontinuous, torn felt-like strip of the coating, partly detached from the concrete substrate.

	D (Fig. 6)
	30
	30
	The spray coat layer has been completely removed from the concrete surface.

	E (Fig. 7)
	30
	20
	The spray coat layer has been completely removed from the concrete surface.

	F (Fig. 8)
	30
	10
	The spray coat layer has been completely removed from the concrete surface.


At the water pressure of 30 MPa the disintegration effect of jetting is no longer dependent on the traverse speed. The spray coat is completely removed from the substrate at all the traverse speeds used (Figs. 6, 7 and 8).
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Fig. 3. Trace A – pressure 20 MPa, speed 30 mm.s-1
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Fig. 4. Trace B – pressure 20 MPa, speed 20 mm.s-1
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Fig. 5. Trace C – pressure 20 MPa, speed 10 mm.s-1
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Fig. 6. Trace D – pressure 30 MPa, speed 30 mm.s-1
[image: image7.jpg]



Fig. 7. Trace E – pressure 30 MPa, speed 20 mm.s-1
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Fig. 8. Trace F – pressure 30 MPa, speed 10 mm.s-1
After the experiment, the naked concrete surface was examined by optical profilometry using the MicroProf FRT apparatus. The differences found in the values of the parameter Sa (roughness average according to EN ISO 25178-2) measured on a surface area of 40 by 40 mm after water jetting and on the surface of untreated tiles, were merely in the order of units of micrometers. Thus it can be stated that the process of removing of polyurea spray coating by water jetting has not caused any disintegration of the concrete substrate surface.

Conclusions

The experiment has confirmed that the removal of polyurea spray coatings from the surface of cement concrete by continuous water jet is a highly effective process. The effects of pulsating water jets are yet to be tested. It can be assumed that pulsation could make it possible to reduce the water pressure down to 10 MPa while at the same time, increasing the traverse speed over the surface being treated.

In cases where water jetting has not penetrated deep enough to reach the concrete substrate, the character of resulting surface indicates the possibility of using the water jet technology for producing an anti-skid surface on spray-coated horizontal structures (flooring, staircases, ramps, etc.). This topic as well as the option of using pulsating water jets will be explored in subsequent phases of our research.
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