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(57) Lmmvention concerne un procede de protection
cathodique, d’extraction de chlorure et de ré¢alcalisation
clectrochimique pour béton arme€ ou autres materiaux
analogues, et aussi de consolidation et de prévention des
fissures pour béton (1), consistant a appliquer une
tension directe entre 1’armature du béeton (1) et un
dispositif conducteur mis en contact avec la surface du
beton (1). L effet préventif vis-a-vis des fissures résulte
de 1"'incorporation du dispositif dans le beton frais. Le
procede est caracteérise en ce que 1'on utilise comme type
de dispositif conducteur/distributeur de courant un
treillis (3) de fibres de carbone conductrices
¢ventuellement revétues, obtenu par soutflage, pressage,
tissage ou tricotage, de manicre a €tendre les fibres dans
presque toutes les directions. Lesdites fibres ont
différentes €paisseurs et, en outre, le treillis fonctionne
avec des conducteurs ¢lectriques (4) sous forme de
bandes ou de fils en materiau conducteur que 1’on place
au-dessus ou au-dessous du treillis (3) ou que 1'on
incorpore a celui-ci.
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(57) There 1s described a method of cathodic protection,
electrochemical chloride extraction and realkalisation 1n
reinforced concrete or similar materials, and also
reinforcement and crack prevention i concrete (1),
comprising the impressing of a direct voltage between
the reinforcement 1n the concrete (1) and a conductive
device which 1s brought mto contact with the surface of
the concrete (1), and wherein the crack preventing effect
1s obtained by embedding the device in fresh concrete.
The method 1s characterised 1 that as conductive
device/current distributors there 1s used a mat (3) of
optionally coated, conductive carbon fibres produced by
blowing, pressing, weaving or knitting so that the fibres
l1e 1n almost every direction, and wherein the fibres are
of different thicknesses, wherein the mat further
comprises electric conductors (4) 1n the form of bands or
wires of conductive material which are placed over or
under the mat (3) or are incorporated therein.
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(54) Title: METHOD FOR CATHODIC PROTECTION OF REINFORCED CONCRETE

(57) Abstract

There is described a 3
method of cathodic protection,
electrochemical chloride
extraction and realkalisation in
reinforced concrete or similar
materials, and also reinforcement
and crack prevention in concrete
(1), comprising the impressing
of a direct voltage between the
reinforcement in the concrete (1)
and a conductive device which
is brought into contact with the N A VB o
surface of the concrete (1), and e eI AR

effect is obtained by embedding

the device in fresh concrete. The
method is characterised in that as

conductive device/current distributors there is used a mat (3) of optionally coated, conductive carbon fibres produced by blowing, pressing,
weaving or knitting so that the fibres lie in almost every direction, and wherein the fibres are of different thicknesses, wherein the mat

further comprises electric conductors (4) in the form of bands or wires of conductive material which are placed over or under the mat (3)
| or are incorporated therein.
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METHOD FOR CATHODIC PROTECTION OF REINFORCED CONCRETE

The present invention relates to a method for cathodic protection, electrochemical
chloride extraction and realkalisation of reinforced concrete or similar materials, and
also strengthening and crack prevention in concrete, comprising the impressing of a
direct voltage between the reinforcement in the concrete and a conductive device which
is placed on the concrete surface, and wherein crack prevention is achieved by
embedding the device in fresh concrete.

Today, corrosion of reinforcement in concrete structures is a major problem involving
substantial maintenance costs. Corrosion is usually caused by chlorides, carbonisation

or other changes in the environment surrounding the reinforcement where cracking is a
major factor.

Electrochemical methods are used ever-increasingly to protect the reinforcement against
further corrosion. Methods used today include cathodic protection, chloride extraction
and realkalisation. The principle common to these methods is that a direct voltage is
impressed between the reinforcement, the cathode (negative pole), and various
conductive devices which serve as the anode. This results in migration of ions in the
concrete, formation of OH ions on the surface of the reinforcement or, in the case of
cathodic protection, the potential is pressed into the passive area. The anode may, for
instance, be made of metal wire, metal mesh or conductive coatings which are placed on
the surface of the concrete and incorporated therein to varying degrees. It is also
possible to drill holes in which anode rods are inserted.

The use of, for example, wire cloths of valve metal for the same purpose as that of the
present invention is previously known. Such solutioas are described, for example, in
NO B 169299, NO B 170291 and NO A 913222. According to these publications, the
metal wires are welded together at their junctions. Clearly, this will result in a rigid and

virtually inflexible cloth which is not easy to place on a surface that is to be treated.
The use of these wire cloths is therefore limited.
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NO B 162427 describes an anode comprising several wires which are connected to each
other to form a flexible open cloth or netting At least some of these wires are
electrically conductive. According to this publication, the wires may connected to each
other in a variety of ways. Among the characteristics of this cloth or netting is that it
has a mesh size of at least 1.3 cm, preferably 5 cm, and that its fibres are not placed
functionally in all directions. It also appears to be rather rigid in comparison with the
present invention. When compared with the present invention, this anode yields a
clearly limited capacity as regards current distribution and long-term durability. Tests
have shown that when a coarse-meshed netting is used, the carbon wires become visible
on the surface at a relatively early stage due to acid formation. As is commonly known,

a system of this kind is broken down when acid is formed, and in particular when
substantial current density is required.

GB A 2 175 609 describes an electrode having an enlarged area comprising one or more
wires of valve metal in the form of a mesh, where the wires on the surface are provided
with an anodic active layer. It is disclosed that the cloth may be woven or knitted, or
that the wires may even be welded together. The matenial discussed in this publication
1s of a completely different type than the material used in the present invention. The

material selection according to this publication results in a far more rigid product than
that of the present invention.

NO 960841 describes 1-10% dispersed carbon fibres in a saturated epoxy/polyurethane
mass (in the liquid phase). Flocking of the fibres results in an inhomogeneous
distribution of the fibres, even at a content noticeably lower than 10%. The present
invention differs substantially from this in that the amount, thickness and distribution
may be designed in a premanufactured mat. Reference is also made to tests where the

mat 1s incorporated in conductive coatings of dispersed fibres (see below). In this case,
the current flow increased by a factor of seven or more.

A weakness of the aforementioned electrochemical methods is the anode system, or to
be more precise, the current-carrying device. Several problems arise from this,
including the following:

- corrosion on the current distribution device, particularly 1n cases of chloride
extraction and realkalisation;

- repassivation of the current distribution device whereby the process comes to a
stop;
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a high current density, approximately 1 A/m’ or more;

- the current distribution system often provides inadequate homogeneity of the
current distribution on the surface. This applies infer alia to conductive coatings
where there is liable to be an accumulation of fibres at some points on the
surface, whilst at other points there 1s a minimum of fibres;

- the anode material is required to have good conductivity in order to prevent a
drop in potential between the individual conductors;

- problems arise with the mechanical connection between intersecting current
distribution bands, in particular with respect to durability and maintenance;

- existing systems take virtually no account of cracking.

The present invention provides a method of the type mentioned above which is
characterised in that there 1s used as conductive device a mat of optionally coated,
conductive carbon fibres produced by blowing, pressing, weaving or knitting so that the
fibres lie in almost every direction and wherein the fibres are of different thicknesses,
wherein the mat further comprises current conductors in the form of bands or wires of

conductive material which are placed over or under the mat or which are incorporated
therein.

The mat used according to the present invention may, for instance, be embedded in the
concrete surface of a new structure in an exposed environment (see Figs. 2 and 3). Itis
then possible to choose whether the system will later be used, if necessary, as a
preventive system or as cathodic protection (CP) and where the costs involved will be
minimal. The term “preventive CP” 1s used to mean the use of a lower impressed
voltage than in normal CP where the electrical field acts as a shield against chloride

penetration. The system will also to a great extent prevent shrinkage cracks, which is a
major problem 1n structures of newly placed concrete.

The mat may also be used on existing structures where an electrically conductive
material is placed on the surface of the structure (see Fig. 1).
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For a person well versed in the art of cathodic protection, one of the difficulties
encountered is that the structures are generally located in particularly exposed areas.
The present system can be premanufactured under controlled conditions, which means
that the installation phase will be very short and of little complexity.

The solution according to the present invention will also prevent the outbreak of fire in

the anode material, which, for example, is a problem when using cellulose pulp in
realkalisation and chloride extraction.

Embedment in fresh concrete allows the mat to be embedded so as to act as additional
reinforcement in the surface layer of the concrete.

The system is so thin and flexible that it 1s easy to shape according to the surface and
incorporate in an electrically conductive material. As mentioned, the mat may also be
embedded close to the surface in new structures which are built of fresh concrete or
shotcrete and connected to serve as cathodic protection, should the need arise. It is also
possible to use a lower voltage between the reinforcement and anode than in cathodic
protection in order to produce a “shield” against chloride penetration for structures in
particularly exposed areas. As is commonly known, the negatively charged chloride
ions are repelled by the cathode and attracted to the anode, even at low voltages. The
system would also be suitable for water drainage in concrete and for the removal of
static electricity, as well as for surfaces where anti-static properties are required.

The current distribution 1s extremely homogeneous on the surface in comparison with

known systems. In practice the same potential will be measured between randomly
selected points on the surface.

The fact that the mat has such good conductivity on account of the short distance
between the individual conductors allows a conductive anode material of much lower

conductivity to be used. As a result, it is also possible to obtain a far higher current
strength than in other systems with the same impressed voltage.

Another remarkable advantage with the system is that there is no need for mechanical
connections of intersecting current distribution bands on the structure. The intersecting
fibres are highly stable in the face of chemical breakdown.

Reference will now be made to the attached figures, wherein:
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Figure 1 shows an example of the mat used on an existing concrete surface;
Figure 2 shows an example of the mat used on formwork in connection with the

placing of concrete;

Figure 3 shows an example of the mat used on the surface of fresh concrete;
Figure 4 shows an example of how the electric conductors may be placed 1in the
mat.

Figure 1 shows an example of the use of the mat (3) having electric conductors (4)
wherein a layer of conductive material (2) is first applied to existing surfaces (1) after
the old concrete surface has been pretreated as necessary. The mat is then pressed into
this layer. A spiked roller resembling a rolling wire brush may be used to ensure that

the mat is well incorporated. Lastly, material is laid on top so as to obtain the necessary
cover (3).

Figure 2 shows the mat placed directly on the formwork (7) after this has been cleaned
and finished. It can be secured to the formwork at several points by means of, for

example, a stapling machine so that it does not float up to the reinforcement (6) during
the placing and vibration of fresh concrete (1).

Figure 3 shows the use of the mat on the surface of fresh concrete. The mat (3) may
either be pressed into the fresh concrete prior to surface treatment or encased in a layer
of concrete (5) in the finishing stages of the concreting, and in this case the

aforementioned roller may also be used. The wet cover (5) may also consist of another
conductive material.

In the case of chloride extraction, the mat may be placed in a material of good electrical

conductivity, for example, a gel. The same 1s done in the case of realkalisation, but the
filler material in then alkaline.

Figure 4 shows an example of how the electric conductors may be placed. These may
consist of graphite strips or metal strips (titanium) (1), or pure graphite bands or bands
having metal wires consisting of, for example, titanium or other conductive material (1),
(2), (3) woven or spun therein. The bands and the wires may be placed over or under
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the mat or placed in the mat during the manufacture thereof. A normally resistant,
insulated conductor may be used as the main electric conductor. Figure 4 also shows a
section through the mat.

The thickness and position of the mat on different elements in the same structure may

vary according to need. The mat may be used as earth anode and may also be placed in
many layers.

Power supply to the mat may take place through metal/graphite bands or wires of the
same materials or another material which may be over/under or in the mat. Distance

and direction of the electric conductors will be determined on the basis of power
requirements.

As mentioned, there are used fibres of carbon that have been pressed, blown, woven or
knitted together into a mat, wherein the fibres lie in every direction. One distinctive
feature of the mat is that the weight thereof will normally be at least 3 g, preferably 15g
and most preferably 100 g/m’.
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EXAMPLE

Tests have been carried out on a concrete structure which had previously been protected
by means of a conductive coating wherein the fibres had been dispersed 1n the liquid
phase. By incorporating a mat of carbon fibres having a weight of 20 g/m’ in the same
conductive coating that had already been used on the structure, an increase in current
strength of several decades was obtained at the same voltage.

Tests have also been carried out using the same mat, but where 1t was embedded in

concrete slabs where the reinforcement/concrete ratio was 1:2. For the purposes of
comparison, the following samples were made:

- Embedded 1n fresh concrete

- Incorporated in conductive coating on the surface of the concrete
- Conductive coating on the surface of the concrete

When 1 Volt of current was impressed, the following current strengths were measured:

- Embedded in fresh concrete 81 mA

- Incorporated in a conductive layer 76 mA
- Conductive coating 6 mA.

Tests have also been carried out by placing the mat in fresh concrete which is liable to

crack. The mat had an impressive crack preventive effect compared with references that
had no mat.
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Patentclaims

1.

A method of cathodic protection, electrochemical chloride extraction and realkalisation
in reinforced concrete or similar materials, and also reinforcement and crack prevention
in concrete, comprising the impressing of a direct voltage between the reinforcement in
the concrete and a conductive device which is brought into contact with the surface of
the concrete, and wherein the crack preventing effect is obtained by embedding the
device i1n fresh concrete, characterised in that there i1s used as conductive device a mat of
optionally coated, conductive carbon fibres produced by blowing, pressing, weaving or

-knitting so that the fibres lie in almost every direction, and wherein the fibres are

different thicknesses, wherein the mat further comprises electric conductors in the form

of bands or wires of conductive material which are placed over or under the mat or are
incorporated therein.

2.
A method according to claim 1, characterised in that the mat 1s placed in the outer layer
of the material of a structure which may be freshly mixed concrete or shotcrete, or the

mat is placed in a paint, cement slurry or other similar material which is applied to the
surface of the structure.

3.

A method according to claim 1 or 2, characterised in that the electric conductors are

composed of graphite strips or metal strips (titanium) or pure graphite bands or bands
which have wires of metal, such, for example, as titanium, or another conductive
material woven or spun therein.

4.

A method according to the preceding claims, characterised in that a mat is used, the
weight of which is at least 3, preferably 20 and most preferably 100 g/mz.




WO 99/19540

®
Pranisy
E @
77 \/2 A\ LJ
-r

CA 02305759 2000-04-06

PCT/NO98/00284

1/2

FIG 1

4

- apuyn

q@} \”4) /)
.’qc

4
N X ) avi
, NALSS Y

2 » ‘ X V!r
- & ! ,
\ "o \ g BN/ bz
6 ‘er}"’e‘g

'\ )

- -
’J.‘.".‘:d
d-‘hd“ i mbad b= B AL e b 'M.q -A A &

W | PTG W W S AW Y PV ST e

Wil ¢ M
- ety wd
B

.
o Ny

= " TP WP Y el PWEAY P R TN W r
::“ o alhds aolh S s A B ....a o i A

%

(4

)
AR

! : ' A
2 i%'i: ".’\gbw‘» .x:.é

[ 0 4. 0T W WA VIR PRI VY TV TRarqegeane ©, V.V TR




02305759 2000-04-06

CA

PCT/NO98/00284

2/2

WO 99/19540

u... DAY ...m.k w3
.ﬂf l... f“"”‘“&h‘hu.p‘ﬁé" . ” - .d h‘.\a ' pm--.h-u

taﬂ.ﬂ

I

/g

i .V , A N ; e b
Tt KTl ARG X .a ON8

_, m....,”.. ,.r (Ree))s

Yy

-390
. ~ ) f!v :\u- Oq&.w,u

e o ..:l-aw- ..t v ‘dd- a > % : ' ¥ QQ’. ~r'n

?ﬁ’,t arm Ny . m704 K " , wff u »rq
.w . . :

:wr .r»:
‘v f a
0 .1.0 .x‘f‘ _._

, ?»n .a. (A W
v r’ .m ‘ ml‘ u V, 2 g ‘ ,—

; /— N ’/A - v Qp#‘ ’f’h’f V -‘hh -\ “p’ Q

...vrl‘tbwmﬁ. ..._ 0.54 rt.__? Noaw, o\ d ?

Br® . tawldileh era b At s..,_. .. lﬂt l\;rd R - lﬂ B\ b s hc".

¥ Old

Dl [

e —— e ——

Cr e A v T M K o b | A S AN S AT e e e st e

1o rawdr ey e A b d din SN



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings

