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GROUT OR MORTAR REMOVAL BY LASER
The present invention relates to the removal of grout or mortar particularly, though not exclusively from between
tiles and bricks.
Tiles such as ceramic tiles are applied to the walls, floors and sometimes ceilings in hospitals, kitchens,
bathrooms, biological and nuclear research laboratories and lavatories for example. Refractory tiles are used as
linings in furnaces, kilns and incinerators. Such tiled surfaces frequently have grout interposed between the tile
edges so as to seal therebetween. One of the problems of a tiled surface is that contamination can enter into and
exit through the porous grout between adjoining tiles. The problem is exacerbated, as a result of the tile grout
porosity, by water or chemical solutions, germs and other harmful agents often permeating into cavities behind
the tiles and corroding the bonding agent used to fix the tiles to the substrate, the substrate itself or even the tile
since the backs of glazed tiles are frequently unglazed. Furthermore, the predominant problem with tile grout is
that over a period of time it becomes contaminated, discoloured or may even disintegrate. Periodically, the grout
has to be removed physically which is an arduous, frequently ineffective and invariably costly undertaking.
Currently, the method used for the removal of grout comprises mechanical cutting using a saw blade or by
mechanical chiselling. In either case, the removal of grout cannot be made thoroughly. Furthermore, mechanical
removal can often damage the tiles which make the process very expensive due to the need for tile replacement.
Sometimes, damage to tiles can be relatively slight and
may consist only of chipping of the glazing. However, in this case the tile itself is frequently rendered porous
resulting in the uptake of harmful substances. The work zone and the tools used to remove grout are frequently
contaminated. This is particularly undesirable when radioactive and/or biological contamination is present.
Similarly, during building work such as servicing, renovation, alterations and extensions in buildings and civil
installations, mortar between building blocks such as bricks, stone blocks, concrete tiles, stone tiles and metallic
cladding tiles may need to be removed and replaced either completely or partially. The removal of mortar is
currently carried out by using mechanical saw blades, pneumatic chisels or manual chisels. During these
operations, a great deal of noise is produced in addition to dust generation. The pollution to the environment
caused by noise and dust is more severe when the operation is carried out inside a building. In these
circumstances, noise can be amplified and transmitted to many parts of a building remote from the site where
work is being carried out thus causing discomfort to the people and affecting work normally carried out within the
building. Furthermore, as in the case of grout between tiles, mechanical means of removing mortar may
sometimes cause damage to the edges of the building blocks which is especially deleterious in the case where
the material is marble or granite and used for aesthetic purposes, and causes great fatigue and discomfort to the
operatives carrying out the work.
It is an object of the present invention to provide a non-contact method of removing tile grout which does not
have the disadvantages of known mechanical methods.
According to the present invention there is provided a method for the removal of grout from between adjacent
objects, the method comprising the steps of: directing the beam of a laser device onto said grout at a power level
to cause removal of the grout; causing mutual relative movement between said laser beam and said grout; and,
providing removal means for debris resulting from said grout removal.
In the present specification, the term 'grout' should also be taken to include mortar or any other similar material
used for example, to separate, join, delineate, fill-m between joints, joins or interfaces between objects.
The objects may be ceramic and/or refractory tiles, building blocks such as bricks, stone blocks, cladding, marble
tiles or slabs for example.
The laser device may be a portable unit capable of being moved to and from sites where grout removal is
required.
Preferably the laser beam may have a wavelength in the range from 0.4µm to lO.βµm. More preferably, the
wavelength may be in the range from 0.4µm to 1.2um. The laser beam spot size may be commensurate with the
width of the grout filling or may be less than the width of grout filling.

The use of a non-contacting method of grout removal by laser results in grout removal which is both more
efficient, does not cause damage to the tiles and minimises consequential contamination of the work zone.
Preferably, the laser beam is transmitted to the grout via optical fibre since such fibres are easily handled and
manipulated. Nd-YAG and semi-conductor lasers are examples of such lasers which may be employed with
optical fibres. The use of a laser wavelength in the range from 0.4µm to 1.2µm has the dual advantage that a
laser beam in this range of wavelengths may be transmitted via optical fibres and also that the laser beam energy
is relatively efficiently absorbed by the optically darker grout whereas it is reflected by the optically lighter glazed
tiles so that the tiles are not damaged by the method.
Where optical fibres are used to transmit the laser beam to the grout, the laser beam may be collimated and
focused or defocused after exiting the optical fibre to enable control of the spot size on the grout work surface.
A further type of laser which may be particularly suitable for carrying out the method of the present invention is a
diode pumped fibre laser.
Focusing may be effected by a lens or curved mirror and the beam spot size may desirably be about H of the
width of the grout.
A pulsed laser beam having an energy of 1 to lOJ/pulse, a pulse width of 1 to 20ms and a beam spot size of 1 to
8mm for example may be used. The precise parameters will be governed inter alia by the grout width, volume
and depth per unit length to be removed and, desired rate of removal and the grout material.
Alternatively, a continuous wave laser may be used, in which case, the average power should be more than 50W.
The physical and material characteristics of the grout to be removed will determine the power required but in
general a power density in the range from 50W/cm2 to lOMW/cm2 may be employed depending upon the mode of
operation.
Where laser beams having longer wavelengths are employed, delivery may be by a mirror system rather than
optical fibre.
When a working laser having an infrared beam is used, e.g. Nd-YAG and GaAlAs diode lasers for example, a low
power visible aiming laser beam such as from a HeNe laser or a visible semi-conductor laser having a low power
of about 0.5mW to 3mW for example may be used coaxially with the working laser which has a much higher
power, so as to aid the positioning of the spot of the working laser beam. Such an arrangement is common in
commercial high power lasers.
The laser beam may be aimed and operated manually or automatically. When automatic or semi-automatic
processing is used, mechanical following, sensor/camera sensing of the location and path of the grout to guide
the system positioning, and/or a robotics system may be incorporated into the handling system.
Due to the reflective nature of glazed tiles or marble for example and the fact that such grout removal processing
will often be carried out in a closed
environment, it is important that control of the laser beam is exercised at all times, especially where people are
present within the environment. In order to prevent accidental escape of the laser beam due to reflection, a safety
enclosure device which surrounds the limited area in which the laser beam is operating may be employed. The
safety enclosure may comprise a box-like unit for example having an open face facing towards the surface where
grout is to be removed, the face opposite to the open face is closed so as to prevent reflection by absorption, this
face surrounding the laser processing optics. The enclosure may be made of optically transparent or partially
transparent material which is opaque to the working laser beam wavelength and/or may be provided with an
optically transparent window. The open end of the enclosure may be provided with switch means which only
allow the laser beam to be used when the enclosure is adjacent the surface to be treated. Such switch means
may comprise contact roller switches allowing the enclosure to be traversed across the surface to be treated with
the laser. The material of the enclosure may allow a low power positioning laser as described hereinabove to be
observed by an operator but will prevent transmission of the working laser beam wavelength. The enclosure may
be provided with means to extract fume and debris resulting from grout removal therefrom. Such means may
comprise suction extraction means and may include a suitable conduit within the enclosure having an extraction
orifice adjacent the laser impingement working area to directly suck up resulting debris. The lower face of the
enclosure may be provided with a sealing skirt in rubbing contact with the workpiece surface to prevent excessive
egress of debris.

The laser may be provided with a nozzle coaxial to the laser beam so as to pass gas therethrough in order to
prevent fouling of the laser optics by back-scattered debris and fumes. Such gases may include compressed air,
nitrogen, argon and helium for example. The nozzle may additionally be utilised to provide a relatively high
velocity and/or high pressure gas jet which impinges on the grout working spot to assist in debris removal.
Alternatively, a separate gas jet nozzle may be provided in the enclosure and having an impingement point
coincident with the laser working spot.
In our co-pending European patent application number 0 653 762, we describe a method of treating a concrete
surface for example whereby the surface is treated with a high power laser under certain conditions to cause the
surface layer of a hydraulically bonded material such as concrete to either spall off m small pieces or to become
detached over a relatively large area due to the formation of a heat affected zone and resulting breaking of socalled hydraulic bonds and the dehydration caused. The dehydration is not merely the driving off of free water
which might be in physical contact with the grout but the liberation of bound water of hydration in the material's
chemical structure. In the present invention, most grouts tend to be either polymeric or hydraulically bonded
materials. The grout on absorbing the laser beam energy raises its temperature. At relatively low temperatures
organic compounds will start to decompose and water will vaporise very quickly causing internal pressure waves
within the grout; the combination of these two effects together with high thermal stress gradients due to low
thermal conductivity result in a rapid increase in internal stress and pressure within the grout
causing removal thereof. Laser heating is also non- uniform and causes local explosions or cracks resulting m
the removal of the grout. Further additional stresses which assist grout removal may be caused by thermal
decomposition of inorganic components of the grout.
The rate of grout removal may be enhanced by wetting of the grout, prior to laser treatment, so that it absorbs
water to increase the degree of steam formation and internal stress in the grout.
When a continuous wave laser is used, the mechanism of grout removal is similar to that with a pulsed laser,
however, more of the ejected material may be melted, with some combustion of organic components.
A particular advantage of the method of the present invention is that due to the relatively high temperatures
reached during the process, sterilisation of the materials adjacent the grout area is achieved which may be
important in the particular case where a wall facing comprises tiles in for example a hospital or laboratory. Where
the grout is a mortar between building blocks the dust can be collected conveniently since the interaction spot
may be only around 2-8mm instead of 100-300mm for circular mechanical cutting blades or chisels for example.
A further particular advantage is the reduction of noise and dust so as to produce significant environmental
benefits. Furthermore, the process is a non-contact process and no force is required to be applied by the
operator. Thus, human fatigue is greatly reduced compared to mechanical mortar removal methods. The noncontact nature of the process also simplifies the requirements of manipulators or robot arms which are
employed in automated systems. Damage to building blocks and the substrate may also be minimised or avoided
due to higher controllability of the process and much lower mechanical stresses imposed.
In our copending International patent application number W095/22149, a method of forming a coating on a wall,
for example, is described. The method comprises filling gaps between tiles with a vitrifiable grout material,
heating the grout with a laser beam for example, to cause vitrification and welding of the tiles together. The
present invention may be used to remove old grout which is replaced and treated as in W095/22149.
In order that the present invention may be more fully understood, examples will now be described by way of
illustration only with reference to the accompanying drawings, of which:
Figure 1 shows a general schematic perspective view of a tiled area having grout between the tiles;
Figure 2 shows a schematic cross section through a laser head and enclosure employed in the method of the
present invention; and
Figure 3 which shows a schematic view of similar apparatus to that shown in Figure 2 for use in the method of
the present invention.
Referring now to the drawings and where the same features are denoted by common reference numerals.
A small section 10 of four tiles 12 from a much larger area (not shown) is shown in Figure 1. Each tile 12 is
separated by a gap filled with grout 14. A laser beam 16 is adjusted such that its spot 18 lies substantially wholly

upon the grout 14. Figure 2 shows a schematic cross-section through an arrangement for carrying out the
method of the present invention. The arrangement comprises the laser beam 16 from a laser device indicated at
17 impinging upon a focusing lens 20 (or a plurality of lenses) to form the desired laser beam spot 18 on the
grout 14. The area of grout being treated is shrouded by an enclosure 22 having at least a face or window 23
made of optically transparent material but which is opaque to the particular laser wavelength in use. The
enclosure 22 is provided with contact roller limit switches 24 allowing easy movement across the surface and
such that the laser cannot be operated unless the switches 24 are in contact with the surface of the tiles 12. The
enclosure 22 is sealingly but movably engaged with a shroud tube 26 having a nozzle 28 and a gas inlet 30. Gas
which is non-reactive is pumped into the gas inlet 30 so as to exit from the nozzle 28 so as to prevent the
focusing lens 20 from being contaminated by back scattered debris and fumes. The nozzle 28 also directs the
gas flow onto the working area coincident with the laser beam spot 18 in order to assist removal of debris from
the grout 14. Alternatively, a separate gas jet nozzle, indicated by the dashed lines 42, may be provided to cause
a gas jet to impinge on the laser spot working area 18 to assist debris removal. However, the gas flow 30 to
prevent contamination of the lens 20 will generally be maintained. The enclosure 22 is also provided with a gas
extraction port 32 which is operably connected to a vacuum extraction system 44 to remove fume and debris
from a suction orifice 46 adjacent the working area. More than one suction tube, port and orifice may be provided.
An open face 34 of the enclosure 22 is distanced from the tiled surface by the contact roller limit switches 24
such that a net flow of air is drawn in through the open face of the enclosure and extracted via the port 32 and/or
by another port 48, thereby, preventing egress of fume and contaminant to the environment. The enclosure 22
may be provided with a flexible rubbing sealing skirt 49 to further minimise egress of debris. Although Figure 2
shows a laser beam 16 impinging upon the focusing lens 20, this may be replaced with an optical fibre as
indicated with reference to Figure 3 below. The complete assembly 40 may be attached to a manipulator such as
a robotic arm indicated schematically by an attachment 36 to the enclosure 22 so as to move the assembly 40 in
a predetermined manner so as to follow the lines of grout 14. The robotic arm 36 may be provided with suitable
sensing means so as to follow the lines of grout where these may be irregular or curved for example.
Alternatively, the arrangement 40 may be moved manually by a suitably protected operator
(not shown) . The laser generator 17 itself may be mounted on a trolley (not shown) .
Figure 3 shows a similar arrangement to Figure 2 but with a lens 20 holding arrangement 50 sealed into the
shroud tube 26 and the lens 20, within the lens holding arrangement 50 and having a fibre optic 52 laser beam
supply from the remotely sited laser device 17. Manipulation of the assembly 40 is thus facilitated due to reduce
mass and size.
In operation, the arrangements shown in Figures 2 and 3 may be used according to the following method. The
laser device 17 is powered up and is aimed onto the grout 14 via a visible aiming laser such as a HeNe laser 60
which provides a coaxial beam 64 through a splitter 62, and the distance between the laser processing head
comprising the focusing lens 20 and gas nozzle being adjusted so that a suitable beam spot size is obtained. The
gas supply to the port 30 and the extraction system to the port 32 is switched on and, if operated manually, the
operator may don suitable protective clothing, eye protection and breathing equipment as appropriate. The
working laser may be operated by opening a laser shutter (not shown) through a hand held switch (when
operated manually) , the switch not being operable when the contact roller limit switches 24 are not in contact
with the tile 12 surface. Depending upon the rate of grout removal at any one position, the beam/grout interaction
point may be moved at an appropriate speed.
Since the laser beam has a well defined energy distribution and, the melting point of the tiles or building blocks
are much higher than the temperature required to achieve disintegration of the grout, the use of a laser beam
causes minimum damage to the tiles or building blocks contrary to prior art mechanical grout remova1 methods.
In the particular case of mortar which is generally employed between structural building blocks and which is
generally a hydraulically bonded material; in Figure 1, the objects 12 may be considered to be structural building
blocks such as bricks. At low power densities of less than about 150 W/cm2, the mortar material is
heated but not melted as thermal stress is generated within the mortar principally by dehydration of the bound
water of hydration in the mortar structure causing cracks and disintegration. The loosened material can then be
extracted by use of suction and/or compressed air for example, the compressed air being used to aid removal of
any partially detached particles. At medium power densities of about 150-800 W/cm2, the moisture within the
mortar during thermal dehydration of the bound water of hydration expands in an explosive manner causing
detachment of mortar pieces rather than in dust form from the surface. Very little heat damage such as melting is
generated in this mode. At higher power densities up to about 10000 W/cm2 the mortar will melt and vaporise and
a heat effected zone is often generated below the melted surface. At very high power densities greater than
10000 W/cm2 and which is often operated in the pulsed laser mode, the beam to material interaction time is very
short and thus the thermal penetration depth which is (proportional to the square root of the interaction time) is

small. A small part of the surface is vaporised and a shock wave is produced which causes fracture of the
underlying material thus enabling the removal of the mortar simply by fracture and subsequent extraction. Very
little heat effected zone is produced in this mode.

