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CATHODI cﬁbeEdl ON OF REI NFORCED CONCRETE Thi s Pﬂwﬁ?&ﬁﬂ%

relates t,0 thiiﬁ%iﬁglc protection -of reinforced concrete. he
; : .

appbﬂcatlon o] ic protection to steel reinforcenent in concrete is an
accepted nmet hod of providing corrosion protection for the netal,
particularly where chloride ions are present at significant concentrations
I nthe concrete. Cat hodi ¢ protfctlon I nvol ves the formation of
a circuit with the reinforcenent acting as*a cathode, electrically
connected to an anode, with the circuit being conpleted by pore solution in
the concrete and an el ectrolyte contacting the anode. Wien a potenti al

di fference exists CO@RPH@DI@PRM‘E@PI@@@FWR@@ON@W-

It is known to creaté a potenila erence between anode and caf hode both
by neans of inpressed current cat hod| c protection which involves the use of
a non-sacrificial anode Ehi¢ dnvemtibnedrethtest rte ther asthodiongproteetiony nef -

DC power suppl &@@gsga . of a galvanic cell in which the potenti al
arises as ar t ferent materials formng a sacrificial anode

and a cat hode.
The application of cathodic protection to steel reinforcement
in concrete is an accepted method of providing corrosion protection for
the metal, particularly where chloride ions are present at significant
concentrations in the concrete.

Cathodic protection involves the formation of a circuit with
the reinforcement acting as a cathode, electrically connected to an’
anode, with the circuit being completed by pore solution in the concrete
and an electrolyte contacting the anode. When a potential difference
exists corrosion of the cathode is prevented or reduced.

It is known to create a potential difference between anode
and cathode both by means of impressed current cathodic protection
which involves the use of a non-sacrificial anode and an applied electric
current using an external DC power supply and by means of a galvanic
cell in which the potential arises as a result of the different materials
forming a sacrificial anode and a cathode.

Where a galvanic cell is used it is important that the
electrolyte contacting the anode is such that sustained active corrosion
of the anode can occur. If suitable conditions are not maintained then
the cathodic protection will become inefficient.

Furthermore, the electrolyte must be such that its contact
with the surrounding concrete does not result in the degradation of the
concrete. Of particular significance in this context is the susceptibility
of some aggregates, present in concrete, to alkali-silica or alkali-
aggregate reactions. These reactions can cause swelling and
consequential cracking of concrete.
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Where a galvanlc cell is used it is inmportant that the electrol yte
contacting the anode is such that sustained active corrosion of the anode
can dccur. If suitable conditions are not maintained then the cathodic
protection will becone inefficient. Furthernore, the

el ectrolyte nust be such that its contact with the surroundi ng concrete
does not result in the degradation of the cgncrete. O particul ar
significance in this context is the suscepf%ﬁility of sone aggregates,

present in concrete, to alkali-silica or alkali- aggregate reactions.

These reactions can cause swelling and consequential cracking of concrete.
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characterised int

According to a further feature of the invention there is
provided a unit for use in the cathodic protection of reinforcement in
concrete by the method of Claim 1 characterised in that the unit
comprises a sacrificial anode in contact with a material containing an
electrolyte which in solution has a pH which is sufficiently high for
corrosion of the anode to occur and for passive film formation on the
anode to be avoided when the anode is galvanically connected to the
reinforcement.

According to yet a further feature of the invention there is
provided an article of reinforced concrete characterised in that the
reinforcement is cathodically protected by the method described above.

To avoid passivation of the anode a suitable pH must be
maintained around the anode. Although for zinc a suitable pH value is
> 13.3, or possible > 13.5, and preferably > 14, other materials when
used as the anode may require other electrolyte pH limits to avoid
passivity. In practice while any pH above the "boundary value" at which
passivity is likely may be suitable in the short term, it is advantageous
to have a pH well above the "boundary value® to start with. During
cathodic protection the pH near the anode is likely to drop and so a
higher initial pH acts as a reserve to maintain activity over a long
period. pH values of 0.2 above the "boundary pH" may be acceptable,
but pH values, 0.5, 0.7 and 1.0 or more units above the "boundary pH"
are likely to give a better reserve and a better long term performance.

The anode material selected will determine the electrolyte |
pH required to maintain active corrosion. In general terms the material
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conprises a sacrificial anode in contact with a material containing an
electrolyte which in solution has a pH which is sufficiently high for
corfosion of the anode to occur and for passive filmformation on the anode
to be avoi ded when the anode is galvanically connected to the

rei nf orcenent . According to yet a further feature of the

I nvention there is provided an article of geinforced concrete characterised
in that the reinforcenent is cathodically Protected by the nethod descri bed:

above. To avoi d passivation of the anode a suitable pH nust be
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general terns

The electrolyte may be for example sodium hydroxide or
potassium hydroxide.

Advantageously, in some circumstances, at least one alkaﬁ-
silica reaction inhibitor is also present, in at least a portion of the
electrolyte. '

The high pH of the electrolyte may be due, at least in part,
to one or more of the alkali-silica reaction inhibitors.

Preferably at least one of the alkali-silica reaction inhibitors
is provided in an hydroxide form. Most preferably the, or one of the
inhibitors is lithium hydroxide, which can also function as the
electrolyte itself.

The electrolyte solution may be the pore solution of the
concrete and/or the pore solution of a mortar, paste or other porous
material applied to the concrete being protected.

The method may be practised during the course of repairing
reinforced concrete by connecting one or more sacrificial anodes to the
reinforcement and applying repair material and the electrolyte to the
repair site.

Preferably the anodes are provided in the vicinity of the
repair site. If the anode is provided away from the repair site there is
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- 3- chosen nust be nore reactive, and preferably significantly nore
reactive, than the material forming the reinforcenent. The
anoq'e is preferably zinc or a zinc alloy but the anode may be al uninium an
al umi nium al |l oy, cadm um a cadm um all oy, nmagnesium or a nagnesi um al | oy
or another material which has a nore negative standard el ectrode potenti al

than the reinforcenent under the preval ent conditions. The
el ectrolyte may be for exanpl e sodi um hydroXi"de or potassi um hydroxi de.
Advant ageously, in sonme circunstances, at |east one alkali- silica reaction

inhibitor is also present in at least a portion of the electrolyte.
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concrete bel ng Qi §&'CHliesh or wire (or wires) extending adjacent to the periphery of
the repair site.

Preferably each anode is substantially enclosed in repair
material containing an electrolyte of high pH. The portion of repair
material away from the anode may have a different pH compared with
the portion of repair material substantially enclosing the anode. The
repair material away from the anode may have a pH that is relatively
moderate or low compared with that near the anode.

The whole or any portion of the repair material may also
contain one or more alkali-silica reaction inhibitors.

Where only a portion of the material contains an electrolyte
of high pH and only a portion contains one or more alkali-silica reaction
inhibitors the portions may be the same, distinct or overlappmg in
extent.

Preferably at least one of the alkali-silica reaction inhibitors
also contributes to the high pH of the electrolyte.

As well as introducing sacrificial anodes and an electrolyte
of high pH to a structure during a repair, potentially along with an
alkali-silica reaction inhibitor, this invention is also applicable to the
construction of new reinforced concrete articles or structures and to the
improved protection of existing ones.

Just as during repair, anodes and a suitable electrolyte can
be provided in electrical contact with the reinforcement to form a
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The nmet hod may be practised during the course of repairing reinforced
concrete by connecting one or nore sacrificial anodes to the reinforcenent

and appl Yi ng

repair material and the electrolyte to the repair site.

Preferably the anodes are provided in the vicinity of the repair site. If

the anode is

provi ded away fromthe repair site there is

-4 - likely to be a | oss of efficiency due to the extra circuit length
required to conplete the galvanic cell. NbSt preferably the anodes are

provi ded near

the periphery of the repair site. The anodes are preferably

in the new material of the repair site. There nmay be many anodes. The ano

or anodes nmay
a mesh or wr
site.

mat eri al away
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const?ieieRabl y each anode is substantially enclosed in repair
material containing an electrolyte of high pH The portion of repair
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mat eri al away

dlectrolyte, onamerely thatipertiontn: the vicinity| oft the-agode can be so
provided.

In the construction of new reinforced concrete articles or
structures one or more sacrificial anodes can be connected to the
reinforcement, a material containing the electrolyte cast around the
anode or anodes and concrete then cast around the electrolyte-
containing material.

In the improvement of the protection of existing concrete
articles one or more sacrificial anodes can be inserted in a hole in a
mass of reinforced hardened concrete and connected to the
reinforcement and then surrounded by a material containing the
electrolyte.

In both methods the material containing the electrolyte can
be a non-cementitious material or a cementitious material.

One or more of the sacrificial anodes may be introduced to
the repair site as a pre-formed unit comprising an anode in contact in
use with a porous material containing an electrolyte of high pH. The
material may also contain one or more alkali-silica reaction inhibitors.
The unit may have an anode substantially enclosed in porous material
of high pH.

The sacrificial anode may be at least partially enclosed in
the material. Only a portion of the material which contacts the anode
may contain an electrolyte of high pH. Of course more than one anode
could be provided in each unit.



noderate or | ow conpared with that near the anode. The whol e or
any portion of the repair material may also contain one or nore

al kali-silica reaction inhibitors. Where only a portion of the
material contains an electrolyte of high pH and only a portion contains one
or nore alkali-silica reaction inhibitors the portions may be the sane,

di stinct or overlapping in extent. Preferably at |east one of
the alkali-silica reaction inhibitors MEKSQéntributes to the high pH of
the electrolyte, As well as introducing sacrificial anodes and
an electrolyte of high pHto a structure during a repair, potentially along
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It is possible to provide a localised area of high pH adjacent
or around the anode and this will probably occur in patch repair
automatically. However it may be desirable to have a region of higher
pH even when making original concrete articles.

Embodiments of the invention will now be described by way
of example only, with reference to the accompanying drawings, in
which:-

Figure 1 shows a repair site in a reinforced concrete article,
with the reinforcement exposed and sacrificial anodes attached; and

_ Figure 2 shows a cross section through a reinforced
concrete article with a sacrificial anode unit embedded therein.

Chloride-contamination of concrete structures can cause
significant corrosion in reinforced structures. Such corrosion is often
localised and can cause cracking of concrete surrounding the
reinforcement. It is normal to treat problems of local corrosion-induced
cracking in reinforced concrete structures primarily by removing the
affected material and patching with fresh cementitious mortars or
concretes. A common difficulty which arises in such cases is that
failure to detect and remove all chloride-contaminated concrete from
around the corrosion-damaged areas can result in the formation of so-
called "incipient anodes” on the reinforcing steel in the vicinity of the
repair patches, which are electrically coupled to cathodic steel situated
in the repaired areas themselves. This can lead to rapid corrosion at
the "incipient anodes"” and to eventual cracking of the concrete around
the repaired areas.
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galvanic cell, so a simlar arrangenent can be generated during

. constructjon. The entire structure can be provided with a
sui tabl e el ectrolyte, or nerely that portion in the vicinity of the anode
can be so provided. In the construction of new reinforced

concrete articles or structures one or nore sacrificial anodes can be
connected to the reinforcenent, a nmateri al_,zont aining the electrol yte cast
around the anode or anodes and concrete theh cast around the el ectrol yte-
containing material . In the inprovenent of the protection of
exi sting concrete articles one or nore sacrificial anodes can be inserted
in a hole in a nmass of reinforced hardened concrete and connected to the
rei nforcenent and then s rounde a materia ontaining the electr e.
In both nethods the rrate &B mmm‘iéﬁ l)@ttﬁé aoptfcragi:
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such problems can be overcome.

Figure 1 illustrates such a repair where a contaminated
volume of concrete has been removed from a concrete slab 1 to leave a
void. As a result the reinforcement 2 is exposed. The reinforcement 2
can then be cleaned and a series of zinc anodes 3 can be attached by
connectors 4 to the reinforcement at locations 5. The anodes may
conveniently be located around the periphery of the area to be
protected.

Subsequently repair mortar can be applied to fill the void.

The pore solution of the repair mortar acts as the electrolyte
to complete the circuit enabling cathodic protection to take place, with
the high pH ensuring that corrosion of the anode and hence the
protection is sustainable.

In many cases a pore solution having pH values high
enough for use in the above applications may be made either from
Portland cements of intrinsically high alkali content ({i.e. . those
containing relatively high proportions of NagO and K30 or from
cements of lower alkali content with supplementary alkalis (in the form
of LiOH, NaOH or KOH for instance} incorporated into the mix
materials as admixtures.
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could be provided in each unit. -6
- . , The unit may conprise a container holding the material and
t he.anode. The unit may be ready for introduction to a repair site, or may
require sonme |local treatnent (for exanple wetting). The unit may conprise a
bag or sock which contains the high pH material and an anode.

It is possible to provide a localised area g;f hi gh pH adj acent or around
the anode and this will probably occur in pafch repair automatically.
However it nmay be desirable to have a region of higher pH even when making
original concrete articles. Enbodi ments of the invention wll

now be described by vay Rf sAiB! tnetaitesy iBecatise’ Ctlse {irebbroeC PRI NO
drawi ngs, in whic
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anodes attachepotassium ions can chuger allélisilica aeachsn_ssewhlcln ¢4m ocamse
rei nforced congehighll Glantin dhd fddiing 6f Y WhcHe! tRETEHE B
alkali-silica reaction inhibitor is advisable.

Where a potentially reactive aggregate is present the mortar
can be made from a cement of relatively low alkali content with lithium
hydroxide as an admixture. Typically, this would involve the addition of
LiOH to the mix water at a concentration of about 1 mole/litre or
higher, which would ensure the maintenance of a high pH value,
necessary to sustain the activity of the zinc-based anode, whilst
introducing a cation, Li*, that is known to act as an inhibitor of alkali-
silica reaction.

The use of lithium hydroxide as admixture is of especial
benefit when the mortar, concrete, or the like, has a low Na and K
content {or a low Na or K content). Li* can assist in preventing alkali
aggrégate reaction.

Alternatively other inhibitors may be added to the material
in use, for example to the mix water, in conjunction with a pH adjusting
reagent.

The inhibition effect of such reagents is aided further in
that the current resulting from the cathodic protection encourages
migration of the inhibitor to the preferential alkali-silica reaction sites,
{where the inhibitor has a positive charge, as is the case for lithium
ions). Thus lithium ions migrate over time and there is in use a higher
concentration of them where they are desirable.

As an alternative to {or in addition to) using repair mortars
(or similar) of high pH value to reinstate the entire region of removed
concrete, it is also possible to utilise sacrificial zinc-based anodes which
have been precast in mortars of suitable composition. Such an
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Having galvanically coupled the anode to the steel

reinforcement reinstatement of the regions to be patched may then be
carried out with mortar or concrete 10 of moderate or low alkali content
because the sacrificial anode 6 has already been surrounded by mortar
7 containing an electrolyte that will sustain its activity, allowing
effective cathodic protection of the steel. Surrounding the anode with
high pH mortar is preferred, but it may not be essential to surround it

As well as precast units the provision of porous bags or
socks containing an anode and the mixtures for the mortar is
envisaged. The high pH electrolyte, with or without alkali-silica reaction
inhibitors, may then be added at the location of the structure in
question. Other porous material to enclose the anode, for example
foams, plastics, sponges are also envisaged.

As a further alternative it is possible to apply the anode as
a coating or layer (for example as a paint to the reinforcement]. It is
usually desirable to clean the reinforcement first in such applications.
The paint would be rich in the dissimilar metal or composition which
forms the anode, so providing cathodic protection in that way. Zinc or
zinc alloys are particularly suitable for such applications.

To ensure the continued activity of the anode the ¢electrolyte
surrounding the reinforcement applied paint needs to be at a high pH.
A suitable pH for zinc is > 14 although pH values > 13.3 are believed to
work for at least a limited period. However, the remainder of the repair
material could once again be of lower or more moderate pH {or could be
of the same pH]).
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peri phery of the area to be patched and the repair site is reinstated with
nor t ar (or a simlar material) of suitably controlled high pore solution
pH, . (for exanple pH > 13.3, 13.5 or 14 for zinc or zinc alloy anodes) such
probl ens can be overcone. Figure 1 illustrates such a repair
where a contam nated vol unme of concrete has been renoved froma concrete
slab 1 to leave a void. As a result the rpi@[prcenent 2 is exposed. The
rei nforcenent 2 can then be cleaned and a ries of zinc anodes 3 can be
attached by connectors 4 to the reinforcenent at |ocations 5. The anodes
may conveniently be located around the periphery of the area to be

pr ot ect ed. Subsequently repair nortar can be applied to fil
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When treating an existing structure without the need for
repair, sacrificial anodes can be provided in proximity with a surface of
the structure. Mortar, paste or other porous material containing a
suitably high pH electrolyte can be introduced to connect the anode to
the pore solution of the existing concrete; with the anode connected to
the reinforcement to complete the circuit. Alkali-silica reaction
inhibitors can also be introduced to the electrolyte and so can migrate
into the existing structure because of the galvanic potential.

Instead of providing the anodes in their own pre-cast high
pH environment (with or without the presence of alkali-silica reaction
inhibitors) it is possible to apply a region of high pH (and/or alkali-silica
reaction inhibitors) mortar in the vicinity of the or each anode, and a
region of different pH elsewhere (for example as an upper layer on top of
a lower layer). The anode would still be in contact with a high pH
electrolyte.

The ready made anode unit shown in Figure 2 comprises a
pre-cast concrete block. However other units may be provided, such as
for example bags or socks of high pH concrete or mortar which also
contain an anode which is in use connected to the reinforcement. The
bags may be provided with wet, unset, mortar, or may be provided dry,
the user wetting them before use. They may even in some unlikely
circumstances be used dry, absorbing the necessary liquid from their
surroundings (when they are cast into place). The units would normally
also contain a connector to connect the anode to the reinforcement.
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concentratlons of hydroxyl ions in conbination with sodi um and potassi um

i ons. can cause al kali-silica reacti'ons, which can cause del eteri ous

- expansi on and cracking of the concrete, the presence of an alkali-silica
reaction inhibitor is advisable. Wiere a potentially reactive
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an extreme case it could be spongy.

It will be appreciated that the pH of the concrete, mortar or
the like is controlled. This is done either by choosing the composition of
the repair material so as to give a suitably high pH, or by deliberately
adding admixtures (such as KOH and/or LiOH, and/or NaOH) to give
the desired pH. Thus controlling the pH is a step in the method.

The following example will serve to further illustrate the
invention.

Mild steel bars 6 mm in diameter were cut into 80 mm
lengths, cleaned using 600 grade carbide paper, degreased in acetone
and stored in a desiccator for a minimum of 2 days so that a uniform
oxide film could develop on the surface. The two ends of the steel
specimens were masked using a styrene-butadiene rubber modified
cement slurry and epoxy resin in such a way as to expose a 10 cm?
area of the central region of each specimen. The top 3 mm of each
specimen was left unmasked to provide an electrical connection during
monitoring. These mild steel specimens were individually fixed in a hole
on the lids of cylindrical PVC containers (45 mm dia., 75 mm high).
Similarly, strips of zinc 1 mm thick 10 mm wide and 80 mm long were
prepared in the same way allowing a central region of 10 cm2 to be
exposed. These strips were also fixed individually on lids.

Duplicate cement pastes of a 0.5 water/cement ratio and
containing 3% chloride by weight of cement as sodium chloride were
then produced. The freshly made mix was emptied into the PVC



m gration of the inhibitor to the preferential alkali-silica reaction
sites, (where the inhibitor has a positive charge, as is the case for
lithiumions). Thus lithiumions mgrate over tine and there is in use a
hi gher concentration of themwhere they are desirable. As an
alternative to (or in addition to) using repair nortars (or simlar) of
hi gh pH value to reinstate the entire regi ¢y _of renoved concrete, it is

al so possible to utilise sacrificial zinc-based anodes whi ch have been
precast in nortars of suitable conposition. Such an

-9 - arrangenment is shown in Figure 2, where a sacrificial anode 6 is

al nost enti r elcpntairiersdr. two stdgess kitnfating after eacht stagé. tThé lids contaimingt e

unit. A conne r I n | t | nf o

" Use. The miptaptest SRERRU Fels et it 3P 15 e | it fichs B er]

that the anodéurthesi vibrationvef ai few seconds for compaetionghecastspecimens

coupl ed the apgde aﬁ{gd %e%aﬁgi 61024 "Bdird Shh ainfbiefRNtonditidifs.” e Arests
to be patched yay then be_carried out wth nortap or %ﬁggrete,loagf e ax
moder ate or | Sgmaewiding. dhecfpecimens avene. stored In @ di oflative Aumidity,

_bteen sg_r r Q;md%@hldmorgmehahai’ Eqmﬂt @ét ' i arec!| f@lmhﬁﬁﬁ??asﬁ hhl ordirtarny

ItS activily, W] errectiyye,ca pr Ct1O €.

Sur roundi ng’ t @rﬁg&ﬂ%ﬁqgﬁnf of abolit '0°6% content exp(la‘eésecfa ds NagO
equivalent. This level of alkali produced a cement paste whose pore-
solution had a pH of about 13.6. In the same way the zinc electrodes
were embedded in cement pastes containing O or 2 molar NaOH or LiOH
dissolved in the mix water. Such additions of alkali hydroxides raised
the pH of the pore-solution to a level higher than 14.

The corrosion potential of each individual steel or zinc
electrode was measured regularly with a voltmeter against a standard
saturated calomel electrode rested on a damp piece of tissue paper
positioned on each of the cement paste specimens. After three weeks,
one of the steel electrodes and one zinc specimen containing 2 molar
NaOH were positioned side by side at a distance of around 5 cm in a
container able to maintain a near 100% relative humidity and whose
base was lined with wet tissue paper. The two electrodes were
electrically connected so that a current could pass between them.

The potential of the corroding steel embedded in chloride
contaminated cement paste quickly fell to a value lower than -400 mV
and oscillated around this value throughout the exposure period of over
300 days. The potential of the zinc electrode embedded in cement paste
without any additions after starting at a very negative potential of
around -750 mV gradually climbed to more noble potentials of around
-400 mV. The similarity of the potential of the two sets of electrodes will
restrict the flow of current between them when coupled and protection
of the steel against corrosion would be unlikely. Such protection will
only be achieved if a significant potential gradient existed between the
two metals. The addition of 2 molar sodium hydroxide or lithium
hydroxide was able to bring the potential of the zinc to potentials of
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high pH,nortar is preferred, but it may not be essential to surround it
fully. . As wel |l as precast units the provision of porous bags or
socks cont ai ning an anode and the m xtures for the nortar is envisaged. The
hi gh pH electrolyte, with or without alkali-silica reaction inhibitors, my
then be added at the l|ocation of the structure in question. Oher porous
material to enclose the anode, for exanpl e hoans, plastics, sponges are

al so envi saged. As a further alternative it is possible to
apply the anode as a coating or |ayer (for exanple as a paint to the
reinforcenent). It is usually desirable to clean the reinforcement first in

such appl i cat i sround hZ0pamV, values dignificantiyniovrer thasithioserobtaired for the
[ 0\6£

CoPoS! e, “edol B e I8H: .ceﬁ ﬁ%a’%@ﬁ*@a@ﬁgtﬁéﬁ%.ons@“

To ensure the embeddeddima ipaste whasee tyrwasl anced by additioni of

tzf‘ﬁcr?;”f>°2232ﬁ?ﬁ’ou%‘?shﬁﬁd2%e% g SRR e for%‘?“%w;%‘*?

limted peri odafqlﬂﬁ& 0.25uA/ cdr o5f 2 énﬁa(m °fna§t§¢]i areab @ d c@f

again be of | opgfrent %i-ﬁxdlﬁderﬁlsﬁhw i cftBiodic bprotectibf wystems) in steel
reinforced concrete. The "instant off" potentials of the steel and the zinc
electrodes after 275 days were -426 mV and -640 mV respectively. The
potential of the steel after 24 hours of disconnection rose to a very noble
value of -207 mV compared to -470 mV of the parallel unprotected
steel specimen, indicating a substantial degree of protection of the steel
by the zinc anode.
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-10- . If the concrete was judged to be susceptible to
alkali-silica reactions then lithiumions or other i nh| bi tors coul d be
prow ded 'sither in the surroundi ng el ectrol yte (or [FArtHe=pai )
form ng the anode). If the concrete were judged no FU‘%‘!E&JS}Q,Q@E
alkali-silica reactions then it may be preferable flo useREIaCkb@@
some other alkali) to produce the high pH rla% her than i
When treating an existing structure wthotut*the need for repair,
sacrificial anodes can be provided in proximty with a surface of the
structure. Mrtar, paste or other porous material cont y
hi gh pH el ect rMMsan be introduced to connect the HmnHmtnl mlm
solution of the exrsting concrete; with the anode connected it ont
reinforcenment to conplete the circuit. Alkali-silica reaction inhibitors
can al so be infroduced tA trnetleddcof olcatitodicdllyo prutectiggatreinforcerhbnt in
existing struci, cau h t

of providing t ﬁ‘gﬁglf#é ’3‘ %ﬁ“ﬁ} # %#ﬁ%gg% ﬁ?ﬂ%‘&ﬁ!})’r%‘?ﬁ%‘%“’#% Eﬂg

Wit hout the preeiaforcentent ichiaracterised maﬂlabrthenanbdcors;)oontamdpmuiban

to apply are I
m)rtglro |>/n thegéllyg:l m#y 3?% %@ﬁ%bﬁﬁ Zni;agﬁ% of er nt‘ﬁ‘&(

el sewhere (for @x%mp@%o the,gpede tg\accusand rfoﬁﬂ”é esxea?onm

anode woul d st ahbdeaoitre afdided. Wi th a high pH electrolyte. he
ready made anode unit shown in Figure 2 conprises a pre-cast concrete

bl ock. However other units may be provided, such as for exanple bags or
socks of high 8H concret A methed aecosdingtoaClaint dncharacteriset de thiat ¢heipHi n

use connected b +hRCelebtidtleCSoihtion 1"t least 0.2 units above the pH value at
which passivity of the anode would occur.

3. A method according to Claim 1 characterised in that the pH
of the electrolyte solution is from 0.5 units to more than 1.0 units above
the pH value at which passivity of the anode would occur.

4, A method according to any one of Claims 1 to 3
characterised in that the anode is zinc or a zinc alloy.

5. A method according to Claim 4 characterised in that the pH
of the electrolyte solution is greater than 13.3.

6. A method according to Claim 4 characterised in that the pH
of the electrolyte solution is greater than 14.0.

7. A method according to any one of Claims 1 to 3
characterised in that the anode is aluminium, an aluminium alloy,
cadmium, a cadmium alloy, magnesium or a magnesium alloy.

8. A method according to any one of Claims 1 to 7
characterised in that the electrolyte is sodium hydroxide or patassium
hydroxide.
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bags may be provided with wet, unsetum “ar, or may be provided dry, the
user wejting them before ““‘m\! W‘W nin sef nl i kel'y circunstances
be*used dry, absorbing thx ) squid fro ' ] Sy aiee

they are cast into place). *The units woul d norng

connector to connect the anode to the reinforceH :
may be provided separately fromthe bags_Pé_high pH materi al Tnt r oduced
to the high pH material upon installation. It will also be
appreciated that the high pH material in contact with the (and preferably
surroundi ng) the anode need not be nortar or concrete, so long as it is

perneabl e tog,he el ect ®l pietholt gucekdimgb! to haaygasme mef h@laims <k rtog8h in

use, but not npecessakily.. | X . is . « s

T 11 be- agieRaraaieed fo, R dng hSAE 15080 th. E0Mtats it BRKikati-siica |
control | ed. Teastion indwibiter.t her by choosing the conposition of the repair
material so as to give a suitably high pH, or by deliberately adding

adm xtures (such as KOH and/or_ Li CH, . and/ or_Na to give the desjred, pH.
Thus control lihg the piA imethos @scprdmetm&layg% characterised in that the

electrolyte and the alkali-silica reaction inhibitor are lithium hydroxide.

11. A method according to any one of Claims 1 to 10
characterised in that one or more sacrificial anodes is or are connected
to the reinforcement, a material containing the electrolyte solution is
cast around the anode or anodes and concrete is cast around the

electrolyte-containing material.
12. A method according to any one of Claims 1 to 10

characterised in that the one or more sacrificial anodes is or are
inserted in a hole in a mass of reinforced hardened concrete and
connected to the reinforcement, and then surrounded by a material
containing the electrolyte.

13. A method according to Claim 11 or Claim 12 characterised
in that the material containing the electrolyte is a non-cementitious
material.

14. A method according to Claim 11 or Claim 12 characterised
in that the material containing the electrolyte is a cementitious
material.

15. A method according to any one of Claims 1 to 10
characterised in that the method is carried out during repair of the
reinforced concrete, and the electrolyte and repair material are applied
to a repair site at which one or more sacrificial anodes is or are
connected to the reinforcement.
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The fol ljowi ng exanpl & WiTT Serve to further illustrate the I nvention.

MIld steeJ bars 6 m"nl i nto S@FFrask eagths. cl eaned using
600 grade carbi de papel] AR : one”an e at or
for a mninumof 2 days*socthat *a &niform oxi de {fli F@}b bn t he

surface. The two ends of the steel specinens were B : )
styrene- but adi ene rubber nodified cenent slygry and epoxy resin in-such a
way as to expose a 10 cnjerr] area of the central region of each specinen.
The top 3 nm of each specinen was | eft unnasked to provide an el ectrical

connection during nonitoring. These mld steel specinmens were individually
fixed in a hol 46on the | Adnethod docoddingato BlféimOMa)melaniélS charhcteriséd

wer e preparcd 1 i B aRiad ooft %%@f?ékfﬁa% Stets S dipait b,

exposed. Theseremaiping\eepainmaterialed i ndi vi dually on |ids.
Duplicate cenent pastes of a 0.5 water/cenent ratio and containing 3%

chl oride by wei ght of cenent as sodi um chl ori de were then produced. The
freshly made mb{-was enpiemitifer sisenin thecathodic protection of reinforcement in

-12- cont ai ngbfictéte! by thédmiethsd PoRICREMATT thayterisédcin that! tiss unit

containing comprises a sacrificial anode in contact with a material containing an
electrolyte which in solution has a pH which is sufficiently high for
corrosion of the anode to occur and for passive film formation on the
anode to be avoided when the anode is galvanically connected to the
reinforcement.

18. A unit according to Claim 17 characterised in that the
sacrificial anode is at least partially enclosed in the material.

19. A unit according to Claim 17 or Claim 18 characterised in
that only a portion of the material which contacts the anode contains
the electrolyte. '

20. A unit according to any one of Claims 17 to 19
characterised in that the anode is zinc or a zinc alloy.

21. A unit according to any one of Claims 17 to 19
characterised in that the anode is aluminium, an aluminium alloy,
cadmium, a cadmium alloy, magnesium or a magnesium alloy.

22, A unit according to any one of Claims 17 to 21
characterised in that the electrolyte is sodium hydroxide or potassium
hydroxide.

23. A unit according to any one of Claims 17 to 21
characterised in that at least a portion of the material contains one or
more alkali-silica reaction inhibitors.
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the stegl electrodes were then fixed on to the containers and after further
vi brati on,'of a few seconds for corrpact'- the cast speC| mens were al | owed

éEwAsrsagnp i
tenperature. The cenent was an ordi narie=k Efﬁdcéérrent pf about 0.6%
al kali content expressed as Na[err] O equiyglwen = !ﬂ"m[ﬂ, _
produced a cenment paste whose pore- sol ution had a pH of | a Mm’(! !#
sanme way the zinc el ectrodes were enbedded in cenent pastes cont &i nMngs :
2 nmolar NaOH or LiOH dissolved in the m x water. Such additions of alKkali

hydroxi des rai 24d the pmoﬁntmacmt@goltutommo% characterisbdr i dratlthe

measured r egul SEPGaY 8 oR ek ¥Rapdds Shyibiud Afc tosh b Rkle

el ectrode rested on a danp piece of tissue paper positioned on each of the

cement paste spgcCi nens. Af i tﬁ*@%t o%yofo ?eogt Mgecﬁ c{gs f4d

one zinc Specl ngn cont a| ni ng Wwere paositione e at a
di stance of arehatactesisednin thﬂrtt ihecangdecis englosedin A rhlapklo foprecast

rel ative hum dgdiicrsne &ﬁ%ﬁr@‘s%ﬁﬁnﬂgeﬂl&’“ﬂkﬂﬂﬁlﬁé' afdethepgnodd eas va

el ectrodes vvere eI ectrigcall nne Ctp t a CL{rrent coul d pass between
t hem tf f'"u 1 edded in chloride
cont am nat ed cenent paste qui ckly fell to a val ue Iovver t han -400 nv and

oscillated aroggpd this v

ays. The potential of the zin pas t
days. The pot caBral of tRAIE H?cét@%’%déﬂ&f&i@ﬁfw 128 ciciiited
anydadﬂ ti olnsrrgitﬂlatsﬂ'-hﬁt angdet andy &h: : Wecpctﬁmz%lo % W?Mcw
gradual ly cli ﬁg&enlaso aroun e
simlarity of the potentlalﬂagf t two sets of electrodes will restrict the
flow of current between them when coupl ed and protection of the steel

agai nst corros2gp woul d Ae wmiti kglcprdizige htor aingct 6ae \of! |Claiings bE7 adbi e26d
I a signifi Ca@ﬁa&étgﬁtsealm%%?'tﬁ@turﬁ)f 'c%tn?‘.gupeﬁmt%q;han one anode.

speci nens were stored in a 100%rel ati

28. An article of reinforced concrete characterised in that the
reinforcement is cathodically protected by a method according to any
one of Claims 1 to 16.
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two netals. The addition of 2 nolar sodlun1hydrOX|de or |ithium hydroxide
was able to bring the potential of the;zinc:-to potentials of

- 13- around -700 nV, values significantly |lower than those obtained for
the corroding steel. The coupling of the steel *%*Lpde with the zinc
enbedded in a paste whose alkalinity was enhancedrh T ot of NaCOH
resulted in a galvanic current which eventubﬁky ' hd
2.5[err]A (0.25[err]A/cnferr] or 2.5 mA/ nferr] vel of

current nornally applied in cathodic protection systens | mealttiei nf or ced
concrete. The "instant off" potentials of the steel and the zinc el ectrodes
after 275 days were -426 nV and -640 nV respectively. The potential of the
steel after 24 hours of disconnection rose to a very noble val ue of -207
nV conpared to -470 m&» S ~Ddvh Aksd , =y

I ndi cating a subst ant
anode.

Reinforcement in concrete is cathodically protected by
galvanicalily connecting a sacrificial anode, such as a zinc or zinc alloy
anode, to the reinforcement, and contacting the anode with an
electrolyte solution having a pH which is maintained sufficiently high
for corrosion of the anode to occur, and for passive film formation on
the anode to be avoided. The pH of the electrolyte is preferably at least
0.2 units, more ;ireferably from 0.5 units to more than 1.0 units above
the pH value at which passivity of the anode would occur. The
electrolyte may be for example sodium hydroxide or potassium
hydroxide but is_preferably lithium hydroxide which also acts as an
alkali-silica reaction inhibitor.
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14 CLAI V5 1. A met hod of
cathodically protecting netal reinforcenent in. concrete, the met hod
conprising gal vanically connecting a sacrificial anode to the netal
reinforcenent in the presence of an al kaline solution characterised by

enbeddi ng the anode in the concrete and by substantial i ng the
anode in an electrolyte solution having a P A Ed
sufficiently hi gh for corrosion of tl : ind for
passive filmformation on the anode tjp be aVoreed . 2", A et hod

according to Claim1l characterised in that the pH of the el ectrolyte

solution is at |eas nits abov the pH value at which-passivity
of the anode mould ? hod accor ding N 2
characterised in t e pH of the
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el ectroj yte solution is from0.5. units above the

passtwity of t he anode woul d occur. 4. R&PEA@MENP gto
any one of Claims 1 to 3 characterised in that t he zinc or
a zinc alloy. 5. A met hod according to C ai mj4 Chﬁfnfée“ sed{ip that
the pH of the ~ electrolyte solution jg_greafe B9 |6 A
met hod according to Claim5 characterised in that |t pH of the
electrolyte solution is greater than 14.0.
15 7. A nmet hod according to any one of O ains sed in
that the anode is alum nium an alum nium alloy, cadmum a cadm um
al | oy, magnesi um or a nagnesi um al |-oy.
CATHODIC PROTECTION OF REINFORCED CONCRETE
ABSTRACT
N,
Reinforcement in concrete is cathodically protected by
- galvanicalily connecting a sacrificial anode, such as a zinc or zinc alloy
anode, to the reinforcement, and contacting the anode with an
electrolyte solution having a pH which is maintained sufficiently high
for corrosion of the anode to occur, and for passive film formation on
the anode to be avoided. The pH of the electrolyte is preferably at least
0.2 units, more preferably from 0.5 units to more than 1.0 units above
the pH value at which passivity of the anode would occur. The
electrolyte may be for example sodium hydroxide or potassium
hydroxide but is_preferably lithium hydroxide which also acts as an
w alkali-silica reaction inhibitor.

Fig. 1.
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8. *,L.W—;‘A, met.hod according to any one of Clainms 1 to 7 § =Sed At at
t fe. -~ anode is also in contact- wwth an al kal i - si RJ%EEKQEMENTBSHEET
ef i sed

inhibitor. 9. A met hod according to any precedi pg{d aim char
by the step of applying the sacrificial anode ps azspagg'pwqg%r ayer
on the netal rei nforcenent to be protected caf hpdically. 1(Q A

nmet hod according to any one of Cains 1 tq ? characHZi Sed T that—ang
or nore sacrificial anodes is or are conneé ed tot rei nforcenent, 3
material containing the electrolyte solution is cast around the anode or
anodes and concrete is cast around the el ectrol yte-contai ning materi al
wher eby t he anodegﬁj ' /7r are e dded in-the concrete I s/ or
substantial ly surrouAGEﬁ by the el’'edyol yte soluwt+on. A et hod
~according to Claim10 characterised i 2
sacrificial anodes is or are ipserted in a hole in
har dened concrete and F ed to thegfei nforceggnty

surrounded by a rgt®€rial containing the (gl g s . .
N 10 or 11 charactery .v‘“Ef_ y (4 /15 j '
) &. i A1 Z&Mpn- celrent i ti ous

according to d ai
containing the el




material.  -13. A method according to any one piClains 1 to 12 -

cha terised in that the method is carri H’N:EBWNT. i r of
rer’?orced concrete. 16 14. A nethod aEEE.u. e tc %H.: m{12 .
characterised material in aird h_t e Janode. has
a different pH co i other yepair - Ubr1987 15. A--
met hod of repal nim lﬁ\““ ‘ﬁduced cracked cloncrete containilng net al

rei nf orcenent | cenprising removing tfhe affected concrgte to
expose the rret aI rei nforcenent; cl eanlbg@{he netat—art—t+hen-—-add-Ag fresh
cenentitious nortar. or concrete repa|¢ ®rial characterised by

connecting a sacrificial anode to the cleaned netal reinforcenment and then
substantially enclosing the anode with a repair material containing an

1. A method of cathodically protecting metal reinforcement in concrete, the.
method comprising galvénically connecting a sacrificial anode to the metal
reinforcement in the presence of an akaline solution characterisled by
embedding't;e anode in the concrete and by substantially enclosing the
anode in an electrolyte sélution having a pH which is maintained sufficiently
high for corrosion of the anode to occur and for passive film formation on the

-/ anode to be avoided.

2. A method according to Claim 1 characterised in that the pH of the
electrolyte solution is at least 0.2 units above the pH value at which passivity

of the anode would occur.

3. A method according to Claim 2 characterised in that the pH of the
electrolyte solution is from 0.5 units above the pH value at which passivity of

the anode would occur.

4, A method according to any one of Claims 1 to 3 characterised in that the

anode is zinc or a zinc alloy.

5. A method according to Claim 4 characterised in that the pH of the

electrolyte solution is greater than 13.3.

6. A method according to Claim 5 characterised in that the pH of the

electrolyte solution is greater than 14.0.
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el ectrolyte which in solution has a pH whi i T8 Sufficiephtly high for —————
cor.r osi on - of the anode to occur andjif Si film '

thé anode to be avoi ded. 16. A tﬁ%gp‘gzlt(}? in o’m,m"“ﬁmm,m,”m
characterised in that the sacrificial de s—zihc| based®and thes +

repair material has a pore solution pH I excess of 13. 3. 17. A

unit for usge in fhe cathodic protection orcenent, 1.n congrete by the
Tt hod of G-ai mA Nthad AciaxTinB i€ ARE 0a%idt LIS 1 1oed GRATSGBHRRT Joghd] the
sacrificial anode tp be enmhedded in the.concrete and a nmaterjal coptaining
an el ectrol yte vHI%R 1% & ‘ﬂWanari‘\a%'”%“Wmﬂioé'h TUEEY | 2§ SATYINREH f or
-corrosion of the fanode to oeccur and for passive filmformation on the anode

to be avoi ded whBAIFGRHMQLASAeHUMARYcal |y connected to the

rei nf orcenent. 18. A.unit according to Claim1l7 characterised in that
the sacrificial anode is at | east partially enclosed in the
mat eri al . . .

8. A method according to any one of Claims 1 to 7 characterised in that the

anode is also in contact with an alkali-silica reaction inhibitor.

9. A method according to any preceding Claim, characterised by the step of
applying the saciificial anode as a coating or layer on the metal

\/ reinforcement to be protected cathodically.

10. A method according to any one of Claims 1 to 8 characterised in that one
or more sacrificial anodes is or are connected to the reinforcement, a
material containing the electrolyte solution is cast around the anode or
anodes and concrete is cast around the electrolyte-containing material
whéreby the anode(s) isfor are embedded in the concrete and is/or

substantially surrounded by the electrolyte solution.

NI 11. A method according to Claim 10 characterised in that the one or more
sacrificial anodes is or are inserted in a hole in a mass of reinforced
hardened concrete and connected to the reinforcement, and then -

surrounded by a material containing the electrolyte.

12 A method according to Claim 10 or 11 characterised in that the material
containing the electrolyte is a cementitious_material or a non-cementitious

material.

13. A method according to any one of Claims 1 to 12 characterised in that the

method is carried out during repair of reinforced concrete.
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17 ° 19. A uthl? or 18 cwhé@ “r»ﬁ»‘/til*lat only a
portibn of - m erial which contacts |t He anode cont aijng the
el éctrol yte. !ﬁﬂ m g to any orne |of oG guypsed7 40119

characterised in Itha' 1"” MH ode is zind qr a zinc a??oy. 21. A

uni t according to any one of "A%ims 172&0 19 cHaracrerised—mthat the
anode is al um nium an alumniumalloy, cadmum__a cadm um all oy,

Craime 17 td 21 K SRapaY Besorell 1o, Cﬁ@ﬂfﬁ&é‘r'atcte"’r‘%%am'Q%t%?pe?“ By e

electrolyte is CenFacE hths ahode hasa rgafn erent pgﬁ ‘compared with the other repair

r 3
material.

16. A method of repairing corrosion-induced cracked concrete containing metal
reinforcement, the method c’omprising' removing the affected concrete to
expose the metal reinforcement, cleaning the metal and then adding fresh
cementitious mortar or concrete repair material characterised by |
connecting a sacrificial anode to the cleahed metal reinforcement and then
substantially enclosing the anode with a repair material containing an
electrolyte which in solution has a pH which is sufficiently high for corrosion
of the anode to occur and for passive film formation of the anode to be

avoided.

16. A method according to Claim 15, characterised in that the sacrificial anode
is zinc based and the repair material has a pore solution pH in excess of

13.3.

17. A unit for use in the cathodic protection of reinforcement in concrete by the
method of Claim 1 or 15 characterised in that the unit comprises a.
sacrificial anode to be embedded in the concrete and a material containing
an electrolYte which in solution has a pH which is sufficiently high for
corrosion of the anode to occur and for passive film formation on the anode,
to be avoided when the anode is galvanically connected to the

reinforcement.

18. A unit according to Claim 17 characterised in that the sacrificial anode is at

least partially enclosed in the material.
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23. A unit aw—any one of dains 17te-22~charaetertged in that
the.unit 5 subJ ec wetting befor REBIAEMENT elc to the
repair site. \\ cording to any g-ofCrains. to 23
characterised & anodg, and the % q@zt ning the

el ectrol yte are''eont aaned |n a bag orf ‘o kfﬁ it according
to any one of Clains 17 to 23 characterised i bt bre- anode is

encl osed in a block of precast concrete or no tar cont ai ni ng thie
el ectrolyte and the anode has a connector for —TomTeCtTOM 1O (he
rei nforcemed®. A unit according to Claim 17 or 18 characterised in that only a portion of.

the material which contacts the anods contains the electrolyte.

20. A unit according to any one of Claims 17 to 19 characterised in that the

anode is zinc or a zinc alloy.

21. A unit according to any one of Claims 17 to 19 characterised in that the
anode is aluminium, an aluminium alloy, cadmium, a cadmium alloy,

Y magnesium or a magnesium alloy.

22. A unit according to any one of Claims 17 to 21, characterised In that the

material containing the electrolyte is cementitious or non-cementitous.

23.  Aunitaccording to any one of Claims 17 to 22 characterised in that the unit

is subjected to wetting before being introduced to the repair site.

\./ 24. A unit according to any one of Claims 17 to 23 characterised in that the
anode and the material containing the electrolyte are contained in a bag or

sock.

25. A unit according to any one of Claims 17 to 23 characterised in that the
~anode is enclosed in a block of precast concrete or mortar containing the.
electrolyte and the anode has a connector for connection to the

reinforcement.



