SACRI FI CI AL ANOCDE ASSEMBLY The present invention

relates to sacrificial anode assenblies suitable for
wais®siteeorhe sacrificial cathodic protection of PGT/6BR005/001651

reinforcenents in concrete, to nethods of sacrificial

cathodic protection and to reinforced concrete

structures wherein the reinforlcenent is protected by

sacrificial cathodic gr otection. The cat hodic

protection of neYAFRIEECIAhsANOBE, ASSEMBLYE wel |

known. This technique provides corrosion protection
for the netal section by the formation of an
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section to be protected so as to nmake it cath

- Theathodigsremstiganer al |y require conplex circuits to
apply the current appropriately and control systens to
control the application of the current. Furthernore,
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i npressed current systems have a battery secured to
the exterior of the étructure cont ai ni ng the netal
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15 afdi@fdt §fi8ehOQknRh MAReStUUChE TS external power supply, either

mains or battery, to apply current to the metal section to be protected so
as to make it cathodic. These systems generally require complex circuits
to apply the current appropriately and control systems to control the
application of the current. Furthermore, those that are supplied with
20 mains power clearly can encounter difficulties with power supply
problems such as power surges and power cuts, whilst those powered by
battery have to overcome the issue of locating the battery at an
appropriate position, which both allows the battery to function correctly
and supports the weight of the battery.
25
Often, therefore, such impressed current systems have a battery secured
to the exterior of the structure containing the metal sections to be

protected, which clearly adversely affects the look of the structure.

30  Other systems for cathodic protection, which avoid the need for bulky or

complex components make use of a sacrificial anode coupled to the metal
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sacrificial anode is a nore reactive netal than the

nmetal of the nmetal section and therefore it corrodes

in preference to the metal seé&ion, and thus the netal
section r ins ..ntact. This technique is commonl
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the application of sacrificial cathodic protection is

regt ed. Acc i ngly here i.s a need for, a
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between the metal section and the sacrificial anode. Accordingly, the
higher the resistance of the electrolyte, the lower the current flow is
across the electrolyte between a given metal section and sacrificial anode,

and hence the application of sacrificial cathodic protection is restricted.

Accordingly, there is a need for a sacrificial anode assembly that can give
rise to a voltage between itself and the metal section greater than the
natural potential difference that exists between the metal section and the

material of the sacrificial anode.

The present invention provides, in a first aspect, a sacrificial anode
assembly for cathodically protecting and/or passivating a metal section,
comprising a cell, which has an anode and a cathode arranged so as to not

be in electronic contact with each other but so as to be in ionic contact
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whi ch has an anode and a cathode arranged so as to not

be in electronic contact with each other but so as to

be in ionic contactwith each dther such that current

can flow between the anode and the cat hode, wherein
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previously able to be applied dt a usetul level due to the Circul between
the metal section and the sacrificial anode being completed by a material,

such as an electrolyte, of high resistance.

Further, as the potential difference between the metal section and the
sacrificial anode is greater than the natural potential difference between
the metal section and the sacrificial anode, it is possible to have increased
spacing between anodes where a multiplicity of sacrificial anode
assemblies are deployed in a structure. This of course reduces the total

number of assemblies required in a given structure.

In addition, the assembly of the present invention produces a high initial
current. This is in particular useful as it allows the assembly to be used
to passivate metals, such as steel, which metals may be in an active

corrosion state or may be in new concrete.
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assenmblies required in a given structure. In addition,

the assenbly of the present invention produces a high
initial current. This is in patticular useful as it

al lows the assembly to be used to passivate netals,

such as steel, which netals may be in an aCt'Vﬁ
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product and makes it easier to embed the assembly in the structure that
includes the metal section to be protected or in a material identical or

similar to that of the structure.

In partfcular, the sacrificial anode may be located in the assembly such
that it is adjacent to the cell. The sacrificial anode may be of a shape and
size corresponding with the shape of at least part of the cell, such that it
fits alongside at least part of the cell. In a preferred embodiment the

sacrificial anode forms a container within which the cell is located.

The sacrificial anode may be directly connected to the cathode of the cell,
being in direct contact with the cathode of the cell, or may be indirectly
connected to the cathode of the cell. In a preferred embodiment, the
sacrificial anode is indirectly connected to the cathode of the cell via an

electronically conductive separator. This is advantageous because it
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anode fornms a container wthin which the cell is

| ocated. The sacrificial anode nmay be directly

connected to the cathode of the cell, being in direct
contact with the cathode of the cell, or may. b .
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foil.

The connector for electrically connecting the anode to the metal section to
be cathodically protected may be any suitable electrical 'connector, such
as a connector known in the art for use with sacrificial anodes. In
particular the connector may be steel, galvanised sfeel or brass, and the
connector may suitably be in the form of a wire; preferably the connector

is galvanised steel wire.

The cell may be any conventional electrochemical cell. In particular, the
cell may comprise an anode which is any suitable material and a cathode
which is any suitable material, provided of course that the anode has a
more negative standard electrode potential than the cathode. Suitable
materials for the anode include metals such as zinc, aluminium, cadmium,

lithium and magnesium and alloys such as zinc alloys, aluminium alloys,



be cathodically protected may be any suitable

el ectrical connector, such as a connector known in the
wa@edosfioo7aise with sacrificial anodes. |n partiecl/aB2G0h801651

connector may be steel, galvanised steel or brass, and

the connector may suitably be in the formof a wre;

preferably the connector is galvani sed steel wire. The

cell mpy be any conventional_electrochem cal cell. In
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The anode and the cathode are arranged so as to not be in electronic
contact with each other but to be in ionic contact with each other such
20  that current can flow from the anode to the cathode. In this respect it is
preferred that, as in conventional cells, the anode and the cathode are
connected via an electrolyte. Suitably, therefore, an electrolyte is
provided between the anode and the cathode, to allow ionic current to
flow between the anode and the cathode.
25
The cell may be provided with a porous separator located between the
cathode and the anode, which consequently prevents direct contact
between the anode and the cathode. This is in particular useful in
assemblies of the present invention whereby the anode is provided in
30 loose powdered form, and more particularly when this powder is

suspended in the electrolyte.
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each other but to be in ionic contact with each other

such that current can flow fromthe anode to the

cathode. In this respect it i§ preferred that, as in
conventional cells, the anode and the cat hode are
connected via an electrolyte. Suitably, therefore, an
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beneficial as it ensures that electrolyte in the
envi ronnent does not cone into contact with the cell.
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el ectrical” connections of the cell I's an efecttrical

c oembedinemt ttbe tdaerifiaial i dricclieals andoke shipee oiruaiitabder and the

isollating medans ) e .
cell is located 1n the container, for example the sacrificial anode may be
in the shape of a can, i.e. having a circular base and a wall extending
upwards from the circumference of the base so as to define a cavity, and
the cell is located in this can. The remaining areas of the cell that are not
covered by the sacrificial anode and that are not covered by their contact
with the connector are of course isolated from the environment by

isolating means.

It is preferred that the quantities of the anode and cathode materials
utilised in the assembly are such that they will each deliver the same
quantity of charge during the life of the assembly, as this clearly

maximises the efficiency of this system.

The anode assembly may be surrounded by an encapsulating material,

such as a porous matrix. In particularly, the assembly may have a
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sacrificial anode is in the shape of a container and
the cell is located in the container, for exanple the
sacrificial anode may be in tiBe shape of a can, i.e.
havi.ng.a circul base and wal | extendlng upmards
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t hat they mnll each deliver the sanme quantity of
charge during the life of the assenbly, as this
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pre-cast around it before use. Alternatively, the
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sui tabl e encapsul ati ng nateri al be depl oyed 't

ergsantiouggnertbt.y. The encapsulatlng mat eri al nay
suitably be such that it can maintain the activity of
the sacrificial anode casing, absorb any expansive
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and/or m'nimse the risk of direct contact between

cowatrinmg activatess stic renfisi @ontinveld, comnosibn of the sacr1f101a1
anode, for example an electrolyte that in solution has a pH sufficiently
high for corrosion of the sacrificial anode to occur and for passive film
formation on the sacrificial anode to be avoided when the anode assembly
is cathodically connected to the material to be cathodically protected by
the anode assembly. In particular, the encapsulating material may
corﬁprise a reservoir of alkali such as lithium hydroxide or potassium
hydroxide, or other suitable activators known in the art, such as
humectants. The encapsulating material is preferably a highly alkaline
mortar, such as those known in the art as being of use for surrounding

sacrificial zinc, for example a mortar comprising lithium hydroxide or

potassium hydroxide and having a pH of from 12 to 14.

The mortar may suitably be rapid hardening cement; this is particularly of
use in embodiments whereby the encapsulating material is to be pre-cast.

For example, the mortar may be a calcium sulphoaluminate. The mortar



woul d di scharge the internal cell in the anode
assenbly. The encapsul ating material may, for exanple,

wheood/1eré ar, such as a cenentitious nortar. Pref/6Badwbp01651

10

15

20

25

30

t he anode assenbly is surrounded by an encapsul ating
mat eri al containing activators to ensure continued
corrosion of the sacrificial @node, for exanple an

el ectrolyte that in_solution has a pH sufficiently )
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e anode asse
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cathodically protected by the anode assenbly. In
particul ar, the encapsulating material may conprise a
reservoir of alkali such as lithium hydroxide or
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actrvators

KRAWY didhliyh ﬁ)r@febtiné Ut ASinWHBEH aNtsSerifidfal anode assembly in
encapsul ating material is preferably a highly alkaline

mactardanseichitihighe Hose dspestnof mhe Ipsesent iavenfédthgs shthasidcally
for surroundi ng sacrificial zinc or _exanpl e nor.t a

caraehe] f the REARY Iy B echE ol B Ry ar hPagctlar, 2
E%tgg?ﬂyeg @atﬁbﬁl@gllg { gfﬁtégtiﬁ;? stéel TBEfORIh&Mnt MBY concrete is

be rapid h ening cenent; this is _
parrbiicet arih ywhifchus esaicrifisidl oghaden assemiidy ey acdoedance with the

encapsul ati material is to.be pre-cast. Fqr ex I

¢ HEShBMReSH Ofrdye BESSENE eRtiRn <8 MG GHIn At ECHegHQ e stdel.
nortarmay alternatively be a Portland cenent nortar

with a water/cenent ratio of 0.6 or greater containing
addi 4 ithival aspedni ue fpresemtiideemiompgirasileam hpdrfoxdade concrete

such as those nortars disgussed,in US_Patent No. .
6,060 WHEHCH SRt PTapibct!, e T HRERSRIEhy Bniqegpdically

pr.ovi hOd of Aldodicna! dsyedr Ot ecting netal in
mﬂﬁéhggﬁgg%ﬁﬁépgga? gnode aé%eﬁ%%y I n accordance with
the first aspect of the present invention is
cathodically . ) ) ]
The invention will now be further described in the following examples,

with reference to the drawings in which:

Figure la shows a cross section through a sacrificial anode

assembly in accordance with the invention;

Figure 1b shows a section A-A through the sacrificial anode

assembly as shown in Figure la;

Figure 2 shows a sacrificial anode assembly of the present

invention connected to steel in a test arrangement;

Figure 3 is a graph showing the drive voltage and current density

of the sacrificial anode assembly as shown in Figure 3; and



attached to the netal via the connector of the
assenbly. In particular, a nethod of cathodically
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provided, in which a sacrificial anode assenbly in
accordance with the first aspect of the present
invention is cathodically attdfhed to the steel. In a

third agpect, the present invention provides a
rei nf or reohhers derprientidl sbeurmens density far theprotected

th [ SNE [ di I rotected by t
nmet egghg%&tr"ge s({]egooﬂr} %ag%gg I?P%Oe%i %\98?@ o \ﬁ/ilglreggw be
further described in the follow ng exanples, with

reference to the drawings in which: Figure la shows a

cross section through a sacrificial anode assenbly in

ac ith the invention; Figure Ib shows a
B AR,

secC hrough the sacrificial anode assenbly as
shown in Figure la; Figure 2 shows a sacrificial anode
assembly of the present invention connected to stee

i nFiguresl skewangaesificialFundeeas3einblya 1gfoapdatbddivhng prbecting

drive voltage a current. density of the sacrificial
anbdBe i seR, AhE HStTEL Srgprtesa RN it has novesde 2
thgndat @ithoédd 3andheUEdiRBde deish agﬁpeg@ﬁggllgéﬁﬁﬁq% mixture
steel as connected to the sacrificial anode assenbly
i natl guie ti®: sIBPRVPLE canFilgwing 4 civlsar Basasid fa Whmelxtending
anode senbly. 1 for cathodically protecting a neta )
SCHTTHR TRE Jug siictimse: Sbdnd, ek sovas & dedineah cavity.
AMPHE adodd1d i@ LA Ic3anoleC AN AP shipd FRAYARGSRd i
din,gxi élle?car blon m xt ur eC %nnoygi% ?}Inn?ﬁecasﬁap%éao?ﬁagtcgﬁ?ﬁd Zmne
halding castimetal,acoiasessaddp@avdal], | filbpes eoadifog. ugmfw @fode 2 is
[ nce of the base, so as to define a
];;l\%rpn?{e;aece%trra‘wymwﬁgh?n t%e cavity defined by the can shaped cathode 3
and is in contact with electrolyte 4 present in the cavity defined by the
can shaped cathode 3, which maintains the activity of the anode. The
electrolyte 4 is suitably potassium hydroxide, and may contain other
agents such as zinc oxide to inhibit hydrogen discharge from the zinc. A
porous separator 5, which is can shaped, is located inside the cavity 3a
defined by the cathode 3, adjacent to the cathode 3. Accordingly, anode
2 and cathode 3 are not in electronic.contact with each other, but are
ionically connected via the electrolyte 4 and porous separator 5 such that

current can flow between the anode 2 and the cathode 3.

The anode 2 is attached to a connector 6 for electrically connecting the
anode 2 to the metal section to be cathodically protected. The connector
6 is suitably galvanised steel. The cathode 3 of the cell is electrically
connected in series with a sacrificial anode 7. Sacrificial anode 7 is solid
zinc and is can shaped, with the solid zinc being cast metal, compressed
powder, fibres or foil. The cell is located inside the cavity defined by the

can shaped sacrificial anode 7. A layer of electrically insulating material



The anode 2 is a solid zinc anode of cylindrical
shape, with the solid zinc being cast netal,

weowpne®sed powder, fibres or foil. The anode PCT/€B2005/001651
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| ocated centrally within the cavity defined by the can
shaped cathode 3 and is in contact with electrolyte 4
present in the cavity definedlby the can shaped

cat hode 3, which maintains the activity of the an

Tieiseleaatedlagrassathestopupt dbg psprably'siumiHyer Big aé?dfg% the
A e e : ! de, ar
o S50 4B SISy 0L By DS o

S5.0fWhE €B11ivEa GRE sed1eRadl ahsdd Peatiate icoahélaot lde cavity
3a defined by the cathode 3, adjacent to the cathode

3. Accordingly, anode 2 and cathode 3 are not in
el ectroni¢c contact with each other, but are ionical
cdieesacificiph appde @sgapbly| it‘@aﬁ %mewaﬁsﬁsewwﬁsby a

i g)t%E%%% q’éé’&#{% ;ﬁf; k)ggtg&hlm QW c@ﬁk\é]ﬁ%@ug hgopRPd&icR a8 daGtJ”A?cium

Is attached to a connector
f guloatininedd maycbapeecasngartonadahedas@mbly { Hefort ate. The
section to be cathodically, protected, Tge connect or ?h'
i gnafnix AWYy algal wiRbbe ommsise. a TReeyRih g lkalysucheas lithium
cell. is. .electrically connected in series with a
si‘élldf?)?lglgal anode 7. Sacrificial anode 7 is solid zinc
and is can shaped, with the solid zinc being cast
metal , conpressed powder, fibres or foil. The cell is
| GBtmet eakrifisiati@anvte asaunbly demiapicer wyilishé yameigapecated in a
sacrificial ,anode 7. A |ayer. of el ectrical
 OrERF g 8 e RadnE PRNERRe Yo giee] par also
ag3e4thl ¥ntiRe icoRbALE IMWGrEQ! s dcBrAThER) 8XWeR MRfough the circuit
environnment and accordingly current can only flow into

annmrisiog theeasadd asseanhliiel sdbeidteedi and athedelegtrghde in the
the connector, 6. The sacrificial .anod ssenbl
sU9SEERIENt DY B ‘gfﬁ}a_,gsy%rgas 5 eac?)lgr tﬁ%ﬁq’]}%g)é! ée%n the
P aEﬁ‘?féFeﬂr Fhot@MeNt Lhj OYRe MBfdeRl $MGdh ABwd GG combine
sul phoal um nate may be pre-cast around the assenbly 1
befdditativsky.. TPhe reactions that occur at the metal/electrolyte interfaces
result in the corrosion of the zinc sacrificial anode 7 and the protection of

the steel.

EXAMPLE 2

Figure 2 shows a sacrificial anode assembly 11 connected to a 20mm
diameter mild steel bar 12 in a 100mm concrete cube 13 consisting of
350kg/m’ ordinary Portland cement concrete contaminated with 3%

chloride ion by weight of cement.

The sacrificial anode assembly 11 comprises a cell, which is an AA size
Duracell battery, and a sacrificial anode, which is a sheet of pure zinc
folded to produce a zinc can around the cell. This zinc is folded so as to

contact the positive terminal of the cell, and a conductor 14 is soldered to



matrix nmay al so suitably conprise a reservoir of
al kali such as lithium hydroxi de. The sacrifici al

warmdao@scenbly 1 nay be utilised by bei ng | ocBtBAGBRIVS@A01651
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concrete environnent and connecting the conductor 6 to

a steel bar also located in the concrete. Current is
accordingly driven through tH& circuit conprising the
anode assenbly 1, the steel and the electrolyte in the
cone neg@veogﬁrmmalv@ﬁ th@g@%lbc PosHiqone-hased sgalant ﬁ%located over

\ 2he 38 BGL YRR 108, SAEN [kl 0008 f A0RLalnh Hbm the

ne a

r@ggthH%nthat occur at the nEtaI/eIectronte
interfaces result in the corrosion of the zinc
sacrificial anode 7 and t he protectlon of the stee

MPLE 2. Fi. vvsascrific' nd 233
1% riQn e Plas '9 E% SSBTHICHRL ?gras&eﬁn tlge? Gar Cfggt%ltélcube
2’ t&%‘%@l‘f@ feb&irdd aongl ot ingitdf BeRkeRB angi nar Vinput
and cenent concrete contani hated with 3% chl ori de

i Gmpleylanvei giit 108 obenemthichr reosedr ithatcthd poteniéal between the
asserrbl 11 co rlssac , which i an ,AA si ze. :
SRR 2k FONgE “Bce aEhdpr AhorartRRReC eblifingteg send
shegt 5?Pmﬁﬂ faﬁdZih%CgB@h%ﬁ e By O MIE @0AEERE HRN R QR was
the ce This zin folded so as to contact the
PAL10MAE. t”ﬁnmsnggesmsf thatehe shdrificiatl anodoaskemldy l4wpyld have

sol dered t negat t | of th M, A .
si1%98Bhe- Bgs% lé‘é?g?]al r?Y@glrg]G a%%IOBVe"e?thPEeOEeﬁa??’i‘/veentlonal

fa:l:ggnﬁfi%iatl' YRodClib &GV Q@kéhiS rBfgh OtHeNSiHctodyfeh 8Blween the

environnent. Prior to pl aC| ng the sacrl ficial
anadde andahblprotkttddisteéle concrete cube, potentials
were neasured using a digital nmultineter with an input
As shown in Figure 2, the circuit from the sacrificial anode assembly 11
through the electrolyte in the concrete cube 13 to the steel bar 12 was
completed by copper core electric cables 15, with a 10kOhm resistor 16
and a circuit breaker 17 also being included in the circuit. The drive
voltage between the anode and the steel was monitored across monitoring
points 18 while the current flowing was determined by measuring the
voltage across the 10kOhm resistor at monitoring points 19. A saturated
calomel reference electrode (SCE) 20 was installed to facilitate the

independent determination of the steel potential across monitoring

points 21.

The drive voltage, sacrificial cathodic current and steel potential were
logged at regular intervals. The drive voltage and sacrificial cathodic
current expressed relative to the anode surface area are shown in Figure
3. The anode-steel drive voltage was approximately 2.2 to 2.4 volts in
the open circuit condition (circuit breaker open) and fell to 1.5 to 1.8

volts when current was been drawn.



I npedance of | Ovohm which showed that the potentia
bet ween the external zinc casing and a steel bar in

wWorRiostio@hé ori de cont am nat ed sand was 5201V aneCT/&882005/001651
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potenti al between the conductor and the steel was

2110nV. This suggests that the sacrificial anode

assenbly 11 woul d have 1590nV1of additional driving

vol tage over that of a conventional sacrificial anode

to drive current through the electrolyte between the
?Egﬂ%ls?%ualé&gnﬁﬁl% &ts%griﬁ'éfﬁ cathodi homegnsg )Eé{?@%%lrelatwe to

romt e sacriticla

t hiheugtbelt herfedceateaobye €hown tlheFlcgaﬁé: et ereubftiaB sfeRl Pofential
steel bar 12 was conpl eted by copper core electric

camrérd hetwegni 118 and A4 m¥spe ity SCE serde a This ozunrted with the

br 1 |nc ed in the _circuit

ar R Tlre {oeioP TALRobHEIACHY Hath afct i begen the SCE
moatid ﬂfee@bn@@élfésSTHI%nhégMﬂv@%o@&ltfﬂl%eﬁ%cmhleeag%;p&swe nature of
current fl owi ng was determ ned by neasuring

dhe sgidoride spntaminated chnenets iiewandsathenstrel. orTheg steel current
po tur atged c r.ef erence el ectrode
@Sﬁﬁcj}%\ﬁg@‘ SPIZg—’dar{(gg@)%g/m tate the independent

determ nation of the steel potential across nonitoring
poi nts 21. The drive voltage, sacrificial cathodic
cubhepliechpdtestiebldepayt &ollowingvibe dntargaeibadf tlegoligent (circuit

PR g cSel fop il thne” FibewiSehacaear peptection
arig Wchfévgﬂgumlﬁalsghﬁew 1SbEGhe i 5VH YA L34S einode_

was approxi mately 2.2 to 2.4 volts in the open’ circui
c oitefil tdrdye (voltrageu mdye ghkerl . éper)s wodld bblavtaﬁ)lable5td @vercome
ent was eendqdr awn. The st eel

p&?%r?ﬁcgllt 5%6.9%%%9 FQ CErrsnt Elovo b s di rsignificanily @gereqvoliage
r ehat icegld det Pﬁoﬁh@& Ip Hrga%?ﬁftﬁﬁleﬁn@cfee aSNAPeddy BvBHEBle to

4. The initial steel potent
overcome circuit resistance to current flow.

It is therefore clear that in high resistivity environments, i.e. where the
circuit resistance to current flow presented by the conditions is high, the
sacrificial anode assembly of the present invention has a significant

advantage over the more traditional sacrificial anodes currently available.



vari ed between -410 and -440 n¥ on the SCE scale. This
varied with the noisture content of the concrete at
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Thi s negative potential reflects the aggressive nature

of the chloride contam nated concrete towards the

steel. The steel current densil#y varied between 25 and
30mA/ n2. The steel potential decay follow ng the
interruption of the currenileéﬁ it breaker open) was
approxi mately 100m, indicating that steel protection

i s being achieved. This also neans that, of the 1.5 to
1.8 Vol ts Anactéfitiaelandde B ssrablyafs: caMbich@Nprbtétting and/or
volts would he available to overcone the circuit

resi st anc®2bBVRiRg ampetp] segtiorhicomprisingni fi cantly nore

vol t age n e provi ded. by sacrificial anode

as cur raetr(%? ﬁy “213%’1%1 I%g 1% %lgo c?v%?dcgn%a%&? etamang%cgisg.taénf@enot be
to ciu reditrdni®Wontdct i with RACRT her Bufab 4a) beNnhidiie contact
resistivity environments, i.e. where the circuit

resi Stifheech othegrsushtthpt eurnene semtfbgy hetwben dondnoddeonsd the
i's hi?@‘ he sacrificial anode assenbly of the present
i nvention has a significant advantage over the nore

traditionahnsaeki hitsdiRld 3BOURS J5BHE CHE |the cell i
avai |l abl e. CLAIMS 1. A sacrificial anode gsgeerrbfoyr fe%)erCtrlcaHy

cat heanregking the sinedeitnghamiétal spetami wabe rgtidietil protected;
sectiﬁg, conprising: 5 a cell, which has an anode and
a cathode arranged so as to not be in electronic

cont acta ¥driFi @&C n e 6lecRidalfOcGtndcfe P Eé}iésow'fiﬁaowe cathode

contact with each other such’that current can
bet wekthet ¢rdl;anode and t he cat hode; a connector

attached.tq,the_anode of .the cell for electrically 10
conn&CETHY PRECI et Bwf%elsﬁgatt%ﬁ fequathg eryvérgganert such that

cat heghiredd £ah BABL A6%LHito and out of the cell via the sacrificial anode

and the connector.

2. An assembly according to Claim 1, wherein the sacrificial anode

and the cell are connected together so as to form a single unit.
3. An assembly according to Claim 2, which is a single unit.

4. An assembly according to any one of claims 1 to 3, wherein the

sacrificial anode is located adjacent to the cell.

5. An assembly according to Claim 4, wherein the sacrificial anode is
of a shape and size corresponding with the shape of at least part of the

cell, such that it fits alongside at least part of the cell.

6. An assembly according to Claim 4 or Claim 5, wherein the

sacrificial anode forms a container within which the cell is located.



and a sacrificial anode electrically connected in
series wwth the cathode of the cell; wherein the cel
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15 current can only flowinto and out of the cell via

the sacrificial anode and the connector. 2. An

assenbly according to Caim1l5wherein the sacrificial
anode and the cell are connected together so as. to
forma single unit. 20 3. An assenbly according to
Caim?2 i ' i-ngl ' | V. , .
ac%or di ﬁg%g&gﬁy%ﬁéﬁ%@ %ctlgaallhﬁls&ie é%t}’%Ppl\%%g(?e néi? He> wherein
sahei faccifiialanmde issindeafgdoadi@aeéntd the daflevdeedt the2Bell via
5. An assenbly according to Claim4, wherein the

st} Plertaicaiy rpmdustive sepadatdhape and si ze

corresponding with the shape of at |east part of the

cell, such that it fits alongside at |east part of the

ced.l. 3Qn6assébBssesirtiihnes Qi Y, t Ohédeih M fayel dF Rirtal is
5, wherein the sacrificial anode fornms a contai ner
wilpRatedvipateeer Ree sa¢nifipigl |agede agd the mrthogdeepbihe cell so as to

T

catihad eoatadt hRtwedd thek@ campehegdk! oni cal |y conductive
separator. 8. An assenbly according to Caim?7,

wherein a layer of a netal is |ocated between the
cat hode

i figlal d d,.th th |l so as to .
2 Fow ckBapTaRR wEREibe oA btk eSS B v ercin
buhe tRCHIFRYANAndHe! BCLineO M @GiniREL WeRIMiLRES® magnesium, or an

ConPonents.
alloy of one or more of these metals.

10.  An assembly according to any one of the preceding claims, wherein
the cell is provided with a porous separator located between the cathode
and the anode, which prevents direct contact between the anode and the

cathode.

11.  An assembly according to any one of the preceding claims, wherein
the cell in the assembly is isolated from the environment, other than to
the extent that attachment to the connector and the sacrificial anode makes

necessary, by one or more isolating means located around the cell.

12. An assembly according to Claim 11, wherein the sacrificial anode
is in the shape of a container and the cell is located in the container, with
the areas of the cell that are not covered by the sacrificial anode and that
are not covered by their contact with the connector being isolated from

the environment by one or more isolating means.



9. An assenbly according to any one of the preceding
clains, wherein the sacrificial anode is zinc,

wa@basitedooen cadmi um or magnesi um or an al | oy PET/GB2005/001651
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nore of these netals . 10. An assenbly according to
any one of the preceding clains, wherein the cell is
provided with a porous separdtéor | ocated between the
cat hode and the anode, which prevents direct contact .
bdtweerAn heseardsecannling do cdatpde. whereimphe saaifitipl anode is

accoy di to.any on f the precedi.ng, cl ains, wherein
PR ThEFPhd S5 A 208 1Bp el RoEREd iR R G b
environnent, other than to the extent that attachnent
to the connector and the sacrificial anode nakes

ndeessaky astemidpeacoording do iasyl cate ofytheepresedingatieigns which is

around the cell. 12. assenbl y according to Caim
1 pursgraded pyrHbenciPsetiee natsidle is in the shape of a
container and the cell is located in the container,

with the areas of the cell that are not covered by the
sddri f iAn adssembtie aodrdihgt tear@aimt 14 owbesdn bthet kecapsulating
contact with the connector being isolated fromthe
emy3tebiahEnt PRYOBHEaHiXnore i sol ati ng means. 13. An
assenbly according to Caim 12 wherein the sacrificial
anode is in the shape of a can and the cell is |ocated

i et hi sAgadssethBly Arcasiegiioy Cagioorkdi nehdreinamlye qroeond matrix
the preceding clainms which is surrounded by an .
efOBHYIACAE PRINPRILIENYSANOTHS.  An assenbly according to
Claim 14 wherein the encapsulating material is a

porous matrix. 16. An assenbly according to Claim 15

wher. ei Mi hgspabbBuacoBiding (©0MR4dins el avicesdnthd ippwsus matrix
nmortar. 17. An assenbly according to Claim16 wherein .
t FONHUESS? T Frxcomprising lithium hydroxide or potassium hydroxide

and having a pH of from 12 to 14.

18.  An assembly according to any one of Claims 15 to 17 wherein the

porous matrix comprises a calcium sulphoaluminate.

19. A sacrificial anode assembly for cathodically protecting and/or
passivating a metal section substantially as hereinbefore described and

with reference to the drawings.

20. A method of cathodically protecting metal in which a sacrificial
anode assembly in accordance with any one of claims 1 to 19 is

cathodically attached to the metal via the connector of the assembly.

21. A method according to Claim 20, which is a method of cathodically
protecting steel reinforcement in concrete, in which a sacrificial anode
assembly in accordance with any one of claims 1 to 19 is cathodically

attached to the steel.



conprises a nortar conprising |ithium hydroxide or

pot assi um hydroxi de and having a pH of from 12 to 14.
waosamoassenbl y according to any one of C ai nBC/EBR@®5/001651

17 wherein the porous matrix conprises a cal ci um

sul phoal um nate. 19. A sacrificial anode assenbly for

cat hodi cal ly protecting and/ol7passivating a metal

section substantially as herei nbefore descri bed and

with reference to the drawi ngs. 20. A nethod of

cabhodi gal Ct | ] ' g sacrifici

ancde. adodelBraE oSy el e "WHEPeR S ol yof e

t oreififdrseahhagli caidaicalyt grbrdtdd byhteidhod it gim 20 or

connector of the assenbly. 21. A method according to

O &l3®81- which is a method of cathodically protecting

steel reinforcenent in concrete, in which a

sacrificial anode assenbly in accordance with any one

of clains 1 to 19 is cathodically attached to the

steel.22. A reinforced concrete structure wherein sone

or all of the reinforcenent is cathodically protected

by the nethod of Caim20 or Caim2l.



