CORROSI ON PROTECTI ON OF STEEL | N CONCRETE Descri ption Technical Field

[ 0001] The present invention relates to el ectrochem cal protection of steel
i n rei nf ovoadicasssset e construction using sacrificial aroteBands9se
particular to the use of distributed discrete sacrificial anode assenblies
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concrete structures suffer fromcorrosion induced damage mainly as the
result of carbonation or chlori @esomlpﬁlozni on of the concrete. As the
steel reinforcenent corrodes, it produces by-products that occupy a |arger
vol unme than the steel fromwhich the products are derived. As a result

expansi on’péeﬁﬁigﬁpm]rdai nforcing steel bars. This causes cracking and
del ami nation of the concrete cover to the steel. Typical repairs involve
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damage anaé 0 renove crete behinc e ‘corroding ste concrete
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mortar. ThenGapelcledtst gt 6RM%bstkd tohetdie "parent” concrete (i.e. the
remai ni ng original concrete) and the "new' patch repair material. [0003]

The parentBank:gpm]nd A&PDt to the repair area is typically likely to
suffer fromsone of the sane chl oride contam nati on or carbonation that
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el ectrochem cal treatnents have been used to treat this corrosion risk.
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tr e%&%ﬁ]t Cl?lgtpg.%%E concrete adjacent to the repair area is typically likely to suffer from some
of the same chloride contamination or carbonation that caused the corrosion damage.
Steel corrosion remains a risk in the parent concrete. Corrosion in concrete is an elec-
trochemical process and electrochemical treatments have been used to treat this
corrosion risk. Examples are described in WO 94029496, US 6322691, US 6258236
and US 6685822.

[0004] Established electrochemical treatments include cathodic protection, chloride ex-
traction and re-alkalisation. These are classed as either permanent or temporary
treatments. Permanent treatments are based on a protective effect that is only expected
to last while the treatment is applied. An example of a permanent treatment is cathodic
protection. The accepted performance criterion can only be achieved while the
treatment is applied (BS EN 12696:2000). Chloride extraction and re-alkalisation are
examples of temporary treatments (CEN/TS 14038-1:2004). Temporary treatments
rely on a protective effect that persists after the treatment has ended. In practice this
means that an applicator treats the structure and hands a treated structure back to a
client or customer at the end of a treatment contract.

[0005]  Electrochemical treatments may also be classed as either impressed current or



[ 0005] El ectrochem cal treatnments may al so be classed as either inpressed
current orgalvanic (sacrificial) treatnents. In inpressed current

el ect r ochwoi2eoal146388at nent s, an anode is connected to theCcpaszinsodser nm nal
and the steel is connected to the negaive terminal of a source of DC
power. An inpressed current anode will often be an inert electrode. An
anode is an el ectrode supporting a substantial oxidation reaction and in
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The backfill provides space to accommodate the products of anodic dissolution and

prevent disruption of the surrounding hardened concrete. Discrete sacrificial anodes

have the advantage that it is relatively easy to achieve a durable attachment between

the anode and the concrete structure by embedding the anodes within cavities formed

in the concrete.

[0008]  Galvanic protection of steel in concrete using embedded discrete anodes differs from
sacrificial cathodic protection of steel in soils and waters (BS EN 12954:2001). Anode
assemblies that are embedded within concrete must be dimensionally stable as concrete
is a rigid material that does not tolerate embedded expanding assemblies. Anode ac-
tivating agents are specific to concrete or need to be arranged in a way that would
present no corrosion risk to the neighbouring steel (WO 94029496, GB 2431167).

Anodes are located relatively close to steel in concrete and embedded anodes are small

(a discrete anode assembly diameter is typically less than 50mm) when compared to



present no corrosion risk to the neighbouring steel (WD 94029496, GB 2431
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connected to the steel and the charge capacity of a cell is substantially smaller than the
charge capacity of a similarly sized sacrificial anode. Because the anode is not
connected directly to the steel, the anode cannot continue to deliver a protection
current after the charge capacity of the cell has expired.

[0012] In US 7264708, an automated means is provided to connect a sacrificial anode to the
steel after a power supply or battery driving current from the sacrificial anode to the
steel has expired. In the example in this disclosure diodes are used to provide the sac-
rificial anode to steel connection. The problem with this arrangement is that power is
required to achieve such a connection and this reduces the power of the protective
effect. A typical diode (a diode based on a doped silicon semiconductor) will use a
voltage of 0.6V to become a conductor and there is not sufficient voltage within a
typical sacrificial anode system to drive a substantial current through such diodes.

Another problem with this arrangement is that the power supply is located away from



required to achieve such a connection and this reduces the power of the
protective effect. A typical diode (a diode based on a doped silicon
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the electric field in the environment. next to the anode whileth

sacrificj Sfctificial anode assenbly to arrestan active ¢orrosion process while the sacrificia
anode is connected to the steel in the concrete, and to improve current distribution
from a sacrificial anode connected to the steel by directing an increased current away

from the nearest steel.

Summary

[0016]  This invention discloses a method of controlling the current output off discrete sac-
rificial anodes that are less noble than steel using additional anode-cathode assemblies
to modify the electric field in the environment next to the anode while the sacrificial
anode is connected to steel with an electron conducting conductor.

[0017] In one arrangement an electric field modifier with an air cathode is used to sustain a
high current output off a sacrificial anode embedded in concrete. The use of an air
cathode in the modifier needs to be combined with an environment like concrete
exposed to the air because in this environment, cathodic protection is achieved by

changing the environment at the steel to induce steel passivity or anodic polarisation



anode is connected to steel with an el ectron conducting conductor. [0017]
In one arrangenent an electric field nodifier with an air cathode is used
t o sust aiwoaotovghssgurrent output off a sacrificial anodecemdBdiadodisa
concrete. The use of an air cathode i the nodifier needs to be conbined
wi th an environnent |ike concrete exposed to the air because in this
environnment, cathodic protection is achieved by changing the environnent at
the steel (©B2420008 banst edlodisarsastinntinesics arsoraklprslasise alnicoNireBRAR6008) and
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the sac rf¥F 5}1 anode is preferably tied to a section of steel bar and the
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an anode Sulrl)rp tl n d p reaction th?i .S in gct r ani nt act
ec ron con uc 1 CO nection to east one cathode electrodé an
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t he anode tla:rmhoﬂ(h enctgattlhmigéweaeo@y from each other. The oxidation reaction on the anode
(anode reaction) and the reduction reaction on the cathode (cathode reaction) can occur
without any external driving potential.

[0021]  One type of electric field modifier is an element comprising a side or face that is an
anode supporting an oxidation reaction that is in electronic contact with a side or face
that is a cathode supporting a reduction reaction where the anode and the cathode face
away from each other (i.e. the anode and cathode face substantially different
directions). A natural potential difference is generated by the oxidation and reduction
reactions on the anode and the cathode respectively that tries to drive a current through
the modifier. If an electrolyte connects the anode of the modifier to its cathode an ionic
current stimulated by electrochemical reactions will flow from the anode to the
cathode. Electrochemical reactions consume reducing and oxidising agents at the
anode and cathode respectively (i.e. reductants are oxidised and oxidants are reduced at

the anode and the cathode respectively). It is preferable that these reactions should be



away from each other (i.e. the anode and cathode face substantially
different directions). A natural potential difference is generated by the
oxi dat i orwendiwedisst i on reacti ons on the anode and t he eatrleBleiwssyecti vely
that tries to drive a current through®he nodifier. If an electrolyte
connects the anode of the nodifier to its cathode an ionic current

stinul ated by el ectrochem cal reactions will flow fromthe anode to the

cat hode. Hs@eiéDsMET G tfARGice GRSsHeANFE BEthe @RI TRR 3 edichieR@] agent s at
t he anode_and cat ode%{ﬁeslpect' vel\yg)&li . e, rled.u tants.arg in d]: sed and

oxi dant's 8Y &CTRIBRDEAATITHB 240 a0V HRIPhE [HRY Hise PRy sl elaceinat g j s

pr ef er abl enddeaindichérode, raadol by psevsiniiy e bleceslyte « tlechnpde ont makisg t o enhance
t he shel fCl)liltL&dKQIth tth%legRQf {el A eél'l{ﬂo%ﬂnay be achi eved by keeping the

modifier ya diyssnvi rondent L9 I the, guantity. of electrolyts at the
ano&e and caltlfsho e “andlor by prevencti ng PR RF S roc11yte a he anode from
maki ng codhaotoduidarindrépsesthe cturrentyitoaviag thrpughcapdtio that iftdOR e thd hedifedi fier is

| ocat ed i bR ehBlaBfdb bf ifel BOHRBELURS éacﬁﬁE{aLzﬂo%ahd %%%d@ﬁﬂthahe steel .
f gh a path that

The nodifier increases the current flowng throu at at i ntersects
the modi f madifigideces Reay FoRo@e syrificke apeds; A5 ereflidBy meHiies glep ifareisel  anode
and the apRdetapturidit dBD@Irdd BF the 3s@Ficanarodd, PR hivairkaeffeddvelybenaade. As a
result the nodifier also |nCﬁeases t he tot@lt curr&nt delivered by the

sacrifici ACUHRYPYMPIAR RISl wrisnt i) Bemedleras a current punp t hat
punps el e : . bhier. Brief Description of Draw ngs
[ 0023] Thﬂ%f'iﬁggkﬁwﬁt{ip‘iﬁmmﬁm ed further with reference by way

of ¢oGUEP! e Thes fnkhentdhawiingsy bedestiilsdd: fuftl}2dith fefgec@ bl Wiyl orsixhmpRsoliite ef f ect
of an el e%tri.c field nodifier on the current flow between a sacrificial

anode and fAENEYBNIR0025] Figure 2 shows an arrangement illustrating the
use [@0244 satgure il allastrates dobedffrodoff dnetlecss Ealdl yodiBeainetie widrdrit filosy lewedny f or med

in the conchetd fihodd iR peses of installing the assenbly. [0026] Figure
3 shows an arrangenent 1llustrating the use of a sacrificial anode/nodifier

asséPiSy wheghre gshaws pmgrrangemgsisidpsirafing gheayseHf @ gasflicid gapdeymogisiech r epair .

[0027] Fi gyembfy REAWS wiht asé’dmg%rn%dﬁﬁmefeté foatheWRgpdsessk hRali@gt the
theory in Exanples 1 and 2. [0028] Figure 5 shows the changes in gal vanic

current offSAECWM¥EN an electric field nodifier was inserted into and
r enpoGEsd| f r digdrl8 shandan arrdneaniphEilllstrdtid@ 29 uskiog uecrdiced ansdd/medigiar | y

gal vani c curr %P};t ﬁut ‘%utta of cstgnt f)?/l' t es% al g tc\fvoet etsé@e i_nvol ving two
G 11 r ent “HSAOR wPeh fisteiips s ombBgp e St ebIL e meci um t or m
gal Veiii7¢ cuhigwat sbovptie saidt@xeontgaphent ést wandsedds test ihevisdovy ngExaneplel f f er ent
nodi fi ersqijpgbxanple 2.
[0028]  Figure 5 shows the changes in galvanic current output when an electric field modifier
was inserted into and removed from the sand in Example 1.
[0029]  Figure 6 shows the early galvanic current output of a control test and two tests
involving two different modifiers in Example 2.
[0030]  Figure 7 shows the medium term galvanic current output of a control test and tests
involving two different modifiers in Example 2.
[0031]  Figure 8 shows the experimental arrangement used in Example 3 to test the effect of
a modifier on the protection current delivered to steel in a cement mortar.
[0032]  Figure 9 shows a section of the steel cathode that was used in Example 3.
[0033]  Figure 10 shows the early galvanic current output of a control test and a test
involving a modifier in Example 3.
[0034]  Figure 11 shows the galvanic current output from day 6 to day 21 of a control test
and a test involving a modifier in Example 3.
[0035]  Figure 12 shows the galvanic current output from day 15 to day 60 of a control test

and a test involving a modifier in Example 3.



[ 0031] Figure 8 shows the experinental arrangenent used in Exanple 3 to
test the effect of a nodifier on the protection current delivered to steel
in a cenmaw0d 20mwi4e388 [ 0032] Figure 9 shows a section of trhe/cH2eslosembhode
that was used in Exanple 3. [0033] Fidure 10 shows the early gal vanic
current output of a control test and a test involving a nodifier in Exanple
3. [0034] Figure 11 shows the galvanic current output fromday 6 to day 2 1

of a contrDetm&r]ge@dﬂ tlbriyol ving a nodifier in Exanple 3. [0035]

Figure 12 shows the gal van current output fromday 15 to day 60 of a
conf@@d6] t esltheaffdctanftae $iectrm/fmd1d! mgliféer wodufrerlawisElestpled i8 Fipirail  lad
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ho di.r ct o oSi t curren h the_electrolyte
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[1] to théomt eetenf ﬂ])wbyrdugle theodléw@grté){aét |Weemertt hredmwndﬁ)nathé saaffivaide of the

difi d 1
roc 110 Lk 08, RS, DR, P G980 AGK. OOR, R RIS LY (1,
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[3] is in¢raaseste tféjéurl;e'ﬂ?ﬂﬁp{;vguld%\x'; &b EﬂBQBatt?M@ﬁ@&?ﬁletrH@dlﬂBd{'lﬁ g [1] is
reduced or reversed Thus the current OUtl%Ut of a sacrificial anode [2] may

be dir ect &i2kpFENGHOiHEdTom thesagitisial appds IRé tethe siep b3y isdngikrsed: FHE t ot al
current i Sheri6fegasesht t}{aeegzi&kselhﬁe modifikl pI i{ fhuact@ rkbvdtRdanhwlt®et ri c current

Th | ectroch t its. el d dr
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use tO i ncrease t ext er na irection of the
external &8 pkeﬁii@de(ﬁurféve@srdrwe\ﬁlfrcgen& (serrenty e it @wd@ffrqrh is exthedardectinder ent .

to its anode electrode. This may be used to change the ionic current in the electrolyte
outside the modifier. It is to be appreciated that the modifier [1] may be used to
increase the flow of external current, change the direction of the external current or
even reverse the direction of the external current.

[0039]  An electric field modifier is preferably in the form of a sheet shaped as a tube or
hollow container. Its inner surface preferably is the cathode and the outer surface
preferably is the anode. A sacrificial anode is preferably located within a modifier
comprising a tube or hollow container. To increase the current output of a sacrificial
anode the cathode of the modifier faces the sacrificial anode and the anode of the
modifier faces away from the sacrificial anode. The modifier may comprise a single
element or several discrete elements with gaps between them or it may be a single
element that is perforated with gaps or voids. Several modifiers may be used either in
series or parallel with one another.

[0040]  The anode of the modifier is an electrode supporting an oxidation reaction, while the



[0039] An electric field nodifier is preferably in the formof a sheet
shaped as a tube or hollow container. Its inner surface preferably is the
cat hode awm0 2toei4a3s8er surface preferably is the anode. ARCImB2f0SIWE anode
is preferably located within a nodifi & conprising a tube or hollow
container. To increase the current output of a sacrificial anode the

cat hode of the nodifier faces the sacrificial anode and the anode of the
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r ed@d4mt s )Thmatht)mOth deddiiertindudes di felegtron peidydeng surtace ah whilchi um

magnesi Umré%fgcﬁ‘&L@a)ﬁ%al&%@B@eOfto efHRF withi& ﬂs&h&lﬂ@ﬁ{a‘?ér%l K fth HIE rQJuc?déé‘C al | oy anode

is preferre e OxXl tIOI’l reactlon Su zinc anode is zinc
di ssol ut i Siterjairoalep termed oxtdigag agamty Wé”‘ﬁ%é‘isf) if‘éfrth"? %Mﬂfégdaﬁif? 10 r on

COSdUCL : N@né HahgGRsddoxae dher&@tw@hlc@ﬁdvb@ﬂ tsaqlfﬁ:eraha@&iucmgﬁltatéﬁm b a
reaucl e

ducj bl e na rla Iso xi di zi ng
agents or B8 ea&sw? i ep oG ARG G S RyBEN R oh UGS i oxi de.
The el ect berffeaivdutht ippgnsairdf aleecasidle iethocd pﬂsﬁwmha&fthabotfenmﬂmf #re el ectrode

that is ngﬁgdegﬁjlt%bhg}?& rE) ? ﬁﬁ%ﬁﬁ%mﬁatcgse ﬂcfhlrgéucgll)n gal%if { € 210 difier to

be effective otenla |s nor e an the
pot ent i al cabon, rﬁelvenmrdel)lckesmhnsaw@%p@&raldm r@mﬁ&j@@datn@ surfaces on whi ch

r Ed;{'%z!z RRelAkRpRL BE Eoé{tﬁe &R AR cihb&&ha@ﬂgls %ﬁh@ hlod-lﬂyr SaftK face
prefera Iné(%rem sts OXI ation exan'? es of possible anode and

cat hode naWiiafthe figld of Pr’étefﬁb@ich(é?gyc §ﬁﬂ}5’ée LTS a5e Pﬁ@llff@évgpnofroraél@q ery
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t hat may be goroua l'id cathode materials include netal oxides such as
manganese "H'6X1Ae ™ T0643] A nodifier differs froma cell or battery in that
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and cat hode™o %]ﬁey modi T er i 8
concrete and an electrolyte connects a sacnflclal anode to the cathode of the modifier.
An electrolyte connection between the anode and the cathode of the modifier is not
required for the modifier to function and is preferably omitted prior to use to preserve
the shelf life of the modifier. The electrolyte connection between the sacrificial anode
and the cathode of the modifier may be formed in advance of using a sacrificial anode/
modifier assembly and may be part of this assembly. Alternatively, the electrolyte
connection between the sacrificial anode and the cathode of the modifier may be
formed on installation of the assembly.

[0045] As a modifier operates, its oxidizable and reducible materials are consumed. Thus the
modifier has a limited useful life that depends on the charge capacity of these
materials. The life of the modifier will end when either the available oxidizable or
reducible material is consumed. Anode materials like zinc tend to have a relatively
high charge density and occupy a small volume compared to cathode materials like

manganese dioxide. However the volume of the cathode and therefore the modifier



required for the nodifier to function and is preferably omtted prior to
use to preserve the shelf life of the nodifier. The el ectrol yte connection
bet ween twe 208emib88ci al anode and the cat hode of the no#cTieB20mesodse f or med
in advance of using a sacrificial anode/ nodifier assenbly and nmay be part
of this assenbly. Alternatively, the electrolyte connection between the
sacrificial anode and the cathode of the nodifier may be formed on
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current
cathode. A zinc-air modifier will have a potential difference between its anode and

cathode that is similar to the potential difference between a sacrificial anode and
passive steel and will therefore tend to use its charge more efficiently than a modifier
with an anode cathode combination that has a higher potential difference.

[0049]  The useful life of an electrode depends on the charge stored in the oxidizable or
reducible material and the efficiency of the use of this charge. In some cases the useful
life of a sacrificial anode (i.e. the period of time that a sacrificial anode has a capacity
to deliver a galvanic protection current to the steel) may be substantially greater than
the useful life of a modifier (i.e. the period of time a modifier has a capacity to increase
the current that flows on a path that intersects the modifier). For example the useful life
of the sacrificial anode may be two or three or ten times the useful life of the modifier.

This is preferable when a high current is only required at the start of a galvanic



flowwng to the steel. One nethod of mnimsing the magnitude of the
reversed current is to use a nodifier wwth a smaller potential difference
bet ween iwe 2arodessand its cat hode. A zinc-air nodifier WCIIGH2a108050986
potential difference between its anodédand cathode that is sinlar to the
potential difference between a sacrificial anode and passive steel and wl|
therefore tend to use its charge nore efficiently than a nodifier with an
anode cat HeH&CabIPUAAL 3 GHTASIPARLPIPEESS B PNgIsE:: apBtesyits H] theinfare pidisécat u§e0049]
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may be positioned to the side of the sacrificial anode facing away from the closest
portion of steel. The cathode of the modifier faces the sacrificial anode.

[0053]  One arrangement illustrating the use of a sacrificial anode/modifier assembly is given
in Figure 2. This arrangement is suited to the embedment of the assembly into a cavity
formed in the concrete for the purposes of installing the assembly. The cavity [8] may
be a drilled or cored hole in the concrete [9] and will typically be no more than 50 mm
in diameter. The cavity [8] is preferably sized to accept the assembly.

[0054] The sacrificial anode [10] is in the form of a bar located in the centre of the cavity [8]
and will typically be no more than 200 mm in length and be cast around a conductor.
The sacrificial anode [10] is connected to the steel [11] with a conductor [12] (typically

an electric cable or wire). A preferred conductor substantially comprises titanium as
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hydr ophobi,Godifier are installed in the cavity such that the backfill fills the spaces between the
sacrificial anode, the modifier and the parent concrete. This may be achieved by first
installing the backfill and then pressing the sacrificial anode and the modifier into the
backfill. In this arrangement the backfill acts as both a filler and a backfill. The sac-
rificial anode and the modifier may be pre-assembled as a separate unit with the
modifier being attached to and spaced off the sacrificial anode. The sacrificial anode
must not be attached the modifier with an electron conducting attachment. The
assembly in the cavity may then be covered with a cementitious repair mortar or
concrete [ 18] as illustrated in Figure 2.

[0058]  An activating agent adapted to maintain sacrificial anode activity may be applied as a

coating on the sacrificial anode, or it may be included within the filler or within the
body of the sacrificial anode. The anode of the modifier may also be coated with an ac-

tivating agent, or aggressive ions in the concrete may be drawn to the anode of the
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concrete ﬂéﬁalqn of oxygen from the air through the repair material and filler to the cathode of

the modifier. These openings also provide a path for ionic conduction between the sac-

rificial anode and the steel in the concrete that bypasses the modifier to facilitate the

continued function of the sacrificial anode when the charge in the modifier is

exhausted.

[0061]  In the arrangement in Figure 3, it is preferable to form an assembly comprising the

sacrificial anode [21], the modifier [25] and the filler [28] as a preformed unit or

assembly. The preformed unit or assembly also preferably includes the spacer [24], the

connector [23] or a connection point, and an activating agent adapted to maintain sac-

rificial anode activity. Openings within the modifier that are provided to facilitate the

transfer or movement of oxygen from the air to the cathode may be treated with a

breathable hydrophobic (water repellent) treatment to improve the diffusion of oxygen

from the air into the filler material.

[0062]  In one aspect this invention provides a method of protecting steel in hardened re-



material [30]. [0060] An activating agent adapted to nmaintain activity of a
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connecting the nodifier to the concrete with an electrolyte wherein the

sacr|f|C|&WXEﬁB@@3?%m%kﬁ%ﬁgﬂnWEggr%E%Ie than steel and the sacrificial
anode is Mba@bf@llelmbcﬁﬂﬁrrfmd@dymmtme sﬁ@ﬁicfldlaﬁoc&i’ld the nodifier
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anode and.j.8RSRM Aolfick LAt by the filler and the filler is a porous
mat eri al contalnlng an electrol yte that connects the sacrificial anode to

t he cat hodéhefactifieiahangde iy matabilesheotdndga sl atde modi fier faces away from
the sacri fitkd @lrififi@bfhode includes a connector to electronically connect it to the protected

steel and

the sacrificial anode is substantially surrounded by the modifier and

the modifier comprises an element with a side that is an anode supporting an
oxidation reaction in electronic contact with a side that is a cathode supporting a
reduction reaction and

the cathode of the modifier faces the sacrificial anode and is separated from it and

the anode of the modifier faces away from the sacrificial anode.

[0064]  The cathode of the modifier may comprise an air cathode with a reduction reaction
that substantially comprises the reduction of oxygen from the air. A breathable hy-
drophobic material may be included with the sacrificial anode/modifier assembly.

[0065]  The useful life of the sacrificial anode may be substantially greater than the useful
life of the modifier and a path for ionic conduction between the sacrificial anode and
the concrete may be provided at least after the useful life of the modifier has ended.

[0066] The sacrificial anode may be connected to a section of steel in an area of concrete
patch repair and the modifier may be positioned relative to the sacrificial anode to
enhance the flow of current in a direction away from a section of steel. The assembly

may include a face that is tied to a section of steel within an area of concrete patch



[ 0063] In another aspect this invention provides an assenbly to protect
steel in hardened r e inforced concrete el enents exposed to the air
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fromthe carbon surface would act as an air electrode (cathode) to facilitate the reduction of the

oxidising agent, oxygen, while the zinc surface would provide the reducing agent

(zinc) to be oxidised (anode). When an electrolyte is added the reduction of oxygen

and the oxidation of zinc would provide an electric field to enhance current flow from

a sacrificial anode to the zinc.

[0070]  The test arrangement is shown in Figure 4. A high resistivity sandbox was used in the
place of a concrete or mortar to facilitate accelerated testing of the theory. The sandbox
[33] was formed using fine damp sand to simulate a high resistivity porous en-
vironment like concrete for testing purposes. The sand was dampened with water, but
it was not saturated, to provide some electrolyte and some air in a resistive porous en-
vironment. Approximately 1kg of damp fine sand was mixed with a tablespoon of table
salt to produce an environment that contained an activating agent for zinc anodes. It
was placed in a plastic container measuring 100x150x50 mm to form the sandbox. A
clean zinc sheet also taken from a D-cell was inserted into the sand at one end of the
container to act as a sacrificial anode [34]. A similarly sized sheet of steel was inserted

into the sand at the other end of the sandbox [35].



casing and flattened and sanded to clean the zinc of any deposit. It
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The cur r efgplassntateided thigugh ewparatien. The quaien| ppsweancige aing spadicé agede. 82 mA

bet ween 5 aadthe2ReMyvAdERSrdedMutifl a 28taldbt. G%e chrrsdtalhEbbhafioshRWiwingRS of
falling. !00;%& The gal vani c couple was | eft connected overnight. After 10
‘a

hours it sured again at 0.68 mA. The air tenperature was
apprexioiat alhy stbtig gdl GATA¢uriehe waamaaxedivithout hensditie fieatg prasenplTaeed in a
war ner envi{onnent tékkﬁke§9 hour s Ehg*sﬁpdbqﬁﬁhad r ned %%(%gjabout 20 to

25 C. The BUFPERt TS TIET RO AR Ay modifier Was heriitencd (e
zero in Figure 5) between the sacrificial anode and the steel with the cathode of the
modifier facing the sacrificial anode. The galvanic current increased to 3.3 mA over
the next 45 minutes. After 45 minutes the modifier was removed and the galvanic
current fell back to 2 mA for 20 minutes. After 65 minutes the modifier was again
inserted between the sacrificial anode and the steel but this time the anode of the
modifier faced the sacrificial anode. The galvanic current fell to 0.7 mA for 30
minutes. After 95 minutes the modifier was removed and the galvanic current rose
again to 2 mA.

[0077]  The above test has shown that a modifier may be used to substantially increase or

decrease the current output of a sacrificial anode.

Example 2

[0078]  Two electric field modifiers of approximately 55x50 mm in size were constructed

using a zinc sheet as described in Example 1. One side of each zinc sheet was first



time it neasured 1.26 mA. The nodifier was renoved and the current then
stabilised at 0.48 mA after 30 m nutes. The nodifier was again inserted
into the wandio/featssthis tinme it was rotated so the sil vecesBoriEesef aced
the steel. The current fell to -0.08 M\. The electric field of the nodifier
conpletely overcane the electric field of the zinc steel couple and
reversed the direction of the current flow [0075] The above experinent was

then repeatded withercopstobsiltramaineand dgndakadosidrecrdanin Exemplpllatieismieer | ost
t[“ O:JQh S a%dh%eet% z?rié{jafn?ﬁflle @tﬁ&ﬂ/ﬁ@rﬁ&dﬂzﬁc@dﬂ&tﬁ@sﬂ%ﬁ dfatifg. mode and the
steel was recorded u a dat al ogge e curren i me Vi o is given
in Figur eS%Verfeﬁﬁfur%?s%@ﬁéb%% teagw}ﬂa%?aé w<fhemmmi¥0r%§<§dﬁf‘eeﬁr } hout a
nodi fier beinng darteadiat frofhtke galtreafiazigucarbet bateabivhi @@deddoyust over 2 mA.
The nodi fier, was.then |nserted at tine zero,in.Figure agar % een t he

sacrifici AlCHRoaE SR PPHEOYEE: Fﬂ‘wf‘ﬁer B TUAE 38 45T OR RESTREAUISF faci ng the
sacri fi ci ahrnghcdd apffmlngmlvdﬂ|txrnaswsmwhviannshe®$\@dt thmr@r%nﬁbower t he next

45 m nut es; nldéfbfa% 1§§1erﬂrg§\£1§§fiﬁlggf %@%f th&h 1@@%2&%‘%}5&9 T‘l@p&&@d gk vani c

current fe nut es. m nutes the nodifier was

agai n i nsehectwapiiendaked HeheHerempyg e salneie Thmerndreidied | thepainedi s ti me
t he anode sﬁaffadeheasrasﬁéldla‘eu%gmfgaqaﬁstam B@&T With ¢ ipadbed ROES. w&%gﬁﬁt& pRBded current

fell to O. ter 95 m ny er_was renoved

bnd t he QRN Ebor reid Yogee A9 s s e eSf%‘Whl] Diiveeeost has

shown t hashe&tnwal dseébs aaiclad medifiet amdsis beferaett toak lthe zinG meamehfwr inlddy ease t he

current O%&%Hé‘l of a sacrificial anode. Exanple 2 [0078] Two electric field
o)

modi fiers pproximately 55x50 mnmin size were constructed using a zinc
shedt07824 desmangmgsd ioEderepiben mix@newss awligd tedicivarbon coathésurfaga ot the

firstcoat %ﬁle}"ﬂzﬁnb cArobRah&:t. thesrhiﬁg‘ﬁﬁes@@'l(&tld@ngar%&?ﬂmpcﬁll%e\gas%uﬁg§ Glohped in
Exanpl e 1. Thus one side of each sheet was zinc and the other side was a

conduct i véhesqarhpér: sidg@f aﬁandarﬁé%thfé}deé%@%aelk&W%?caép%a%a%%@Merctaéh%d with a
carbon ri elrbpitdted SumrceBREnd Hfc- e@b&@me@mmtherac&afdalo\mﬂb%ufpapdﬂptahe centre

f b bat f b wd
She: povior UBMeRR Rt i R BETBF e ae st B ORs GeRed B HG RSB R a1 y
10 ti nmes asdermohelglarqflapproxmmwdmm%guTimenang&ncsardhlmdet arbomaertureando in the
dr y paint %glr%n? Elsﬁﬁ %@ats ?ﬁen tﬂﬁﬁ'ne]doto tﬂe &%ﬁ otf a{egz%lsﬁ eetﬁgﬁrm&éu ? qc gftl&? sheet

was t hen urt 0 renove the so6lvent e conductivity
pai nted s wtﬁla?cfénmﬁn@memewsilwgd@— cabpr {ayaeen fq vde $id lﬁlcgatpd alye @nv\m ch

were i gh&ﬂeyotpér%&&eqfhfa MQUitidlas fFéRA0GQ ekt AR didhge ROt i Vity was
|l ess than 1 m One of these sheets was used as a zinc-air nodifier and is

referred % éert he zinc-air nodifier in this exanple.
[0080] A batch of a damp fine sand- salt mixture containing both electrolyte and air was

made as described in Example 1. The mixture was used to fill 3 small sandboxes
measuring 90x65x35 mm. A bare zinc sheet measuring approximately 55x50 mm was
partially inserted into one end of each box and a similarly sized steel sheet was
partially inserted into the other end. The zinc was connected to the steel through a 100
ohm resistor in each sandbox to form a galvanic cell. A galvanic current flowed
through the resistor and produced a voltage that was measured to monitor the galvanic
current. The general layout was similar to that shown in Figure 4 with the ammeter
being replaced by a 100 ohm resistor.

[0081]  The galvanic currents in the sandboxes were first measured without any modifiers
being used. The sandbox that produced the highest galvanic current was chosen to be
the control. The zinc-air modifier was inserted between the zinc sacrificial anode and
the steel of the second sandbox. The carbon surface of the modifier faced the zinc sac-
rificial anode. The zinc-manganese dioxide modifier was inserted between the zinc
sacrificial anode and the steel of the third sandbox. The manganese dioxide surface of

the modifier faced the zinc sacrificial anode. The galvanic current was logged



[ 0079] A manganese di oxi de-carbon m xture was applied to the carbon coated
surface of the other zinc-carbon sheet. The nmanganese di oxi de - carbon

m xture wwaie 2006388 from t he cat hode side of a standardpzirmagB2etiiosoisde D
size cell. It was applied as a layer 16 the carbon coated surface of one

zi nc-carbon sheet and then covered wth wall paper paste and then covered
with a thin absorbent paper tissue and then pressed firmy together under a
wei ght of (I@@@ﬁ@d(bmﬁgﬂayogéék)gjun'ﬁgehlg@m@ese di oxi de-carbon m xture and

abs pgeent tTh%%!dea%%uﬁQ@t@ fﬂohi m@%@aﬁ@o(ixéﬁa@%@w@in Fl@ﬁre% '6%d$h?§é to provide
a zi nc sheéatvmth car bon r on one side

i ck nman XI de -
and uncoat&quisififdd nghcf 585 w?rﬁé?segt%gi %‘? sandBefiverfh |Zé“0r3é1P€‘? it gtogh o
zi nc- mangan@se zehoax ittee (iMneR ) Iminmedii £t¢1¢ aftel t@@&ﬁ)]dlfkrbaztamhnm‘rtea tikeggdvdnine sand-
U g AT T T A
90x65x35 KinguiR thalleweven this hightinitebaurennhdecappl aser dlhelry aﬁ@ﬁ@@ tham was

par tial |y hRS@E Lo witlRe ﬁﬁ@ .’h‘l’ocﬁﬁe SclfthéPﬁlee}ﬁ mn!l@édr%:n?lﬂl%d st eel

R
sheet was pal‘tl ally |nserte Into her el‘l%n ! ZI NnC was connected to
t he steel chreBtgRAMalhbresris decayat %&ra sllcrw &%WO@&WM%@W@S@W@W@Q vani ¢

cell. A gabtaeh ﬂleCZﬁlidzﬁﬁitthé ht@mﬂyﬁqgmugﬁt& h@a&@&bgamoamw&é@@éﬁs&i a vol tage
t hat was measired m)nlto E] g%0¥ 8urrent1 Sn]gral out was
o oo e RHrEE Rl bRl 8 Aol Aee S b FR S el s by 2" T00
ohm r esi storent} Q@& L}edl hepgraknlgshow alaily éntteations tiine mhﬂlbmaseeclwed evithi r st

measur ed 15)29&531‘[1%@’ in nl?\i)gllaﬁﬁ'é &ﬁgﬂgﬁ g’l) "@ﬁeq 'tl{l}-!?-&h the (%%MB%%U%\ER‘E prB&&c%H% d the

hi ghest ga nic current was c e ‘ZI nc-

modi fi er hescellivsidy the dinge mapganesehdiozida enaslafeerirédoyergid t@hcrdlelealmeltthéh%t eel of
t he seconds gRNAROXr mbhgiesar bon surface of the nodifier faced the zinc sac
rificial anode. The .zi nc- manganese di oxi de nodifier was inserted between

the 10083 5 ddire resliindiFeia SR dha R el wisIfiest MORier ki capa i ALBERANTH
manganese bdd)s@ﬁgdl(ﬂa Slortaee c@ient berpooek af Saeﬁflélapzﬁﬁbdé hﬁ aaﬁln@n sagddifierci al anode.

The gal vani. urrent ed( de n duri this

o oces.  PiBETPORRRSARD e e élgwﬁ ol tuin ol mpdigiude dfoDisun |+ n
Fi gur es 6 vathchn7ir Chtferde laget the ecnahigalede dlo)dldeuespenmesummidmledudmmbast e sand
bet ween tPgth %1411% .@AQ9de and the steel at time zero in these figures.

| medi atel'y after thé nodifiers were inserted the galvanic cell with the
Zi nc-nang@gm-\{g?/m@e nodi fi er produced the highest gal vanic current
(Figure 6). er this high initial current decayed over 10 hours and

t heh0Q&4¢ gdlhederit erraredeimend fon Exhmplei nis shown moldighiedt. Twrooueetimbter bgisest

gal vani ¢ gs tzﬁg%}nél&f%&“ ’fs‘%ﬂhlswde%Sﬂla}b'mﬁﬁM%ﬁh%&%'ch& Wi g@éﬁ% ghga sl ow rate

pr obably e sand”between e zinc an st €el drying
out . Aft ePortlagd gemeiand avpdsdik Ee Wikl rpiie d1le(y Thetmaortarveps 96 apelaidtale bag to

sl ow the basequafityf dndtsbsie i iiderdbrih&iPob P b A akig:. dadt¥a@Rhtode [42]
with a surface area of 0.12 m? was positioned in the outer edge of each mortar block
during the casting process. The steel cathode was formed from two 300 mm by
100 mm steel shims that were cut and folded to form a set of 20 mm wide by 90 mm
long steel strips connected by a 10 mm by 300 mm strip to allow both sides of the steel
to receive current during the testing process. A segment of the cut and folded steel
cathode is shown in Figure 9. An electric cable [43] was connected to the steel cathode
and extended beyond the cement mortar to enable electrical connections to be made to
the steel cathode. A hole [44] 40 mm in diameter by 70 mm deep was formed in the
centre of the cement mortar block to house a sacrificial anode assembly. The cement
mortar blocks were covered and left for 7 days to cure.

[0085] An electric field modifier [45] was made from a zinc cylinder from a standard zinc
chloride D size cell described in Example 1 after removing the base, top and inside of

the cell. The zinc cylinder measured 32mm in diameter by 55 mm long. It was lightly



currents stabilised, to primarily show daily fluctuations that would be
associated with daily variations in tenperature (Figure 7). Over tine, the
gal vani c wonoanideidsoduced by the cell with the zinc- nmargamgRelodisssde
modi fier recovered to a value closer ® that of the zinc-air nodifier.

[ 0083] These results indicate again that an electric field nodifier is
capabl e of substantially boosting the short termcurrent output of a

sacri fi ci aindgdgaé washedgegh tdapho eenpygiany depasits fhaingige of Beviers Qllindeinganese
d:c ?X' dtehCWaE"ﬂg:% cdhtell gﬁth% Saks MV&%@H@C'{@C ﬁgﬁﬂé&éné’\éotah(t)%ﬂ%nr cat ho?ﬁ q

af ter e nmapganese di o e is.s nsu ducti on S cat hode
materi al . YePan g ?edr%ﬁedets daér%é lteno )[%6? o€ thenown i 1
Fi gur e 8. mbdlifie eNnduterosuiface &l the kﬁhl{d@ﬂ.iorﬁlzﬂ) tHeranb o0& g 7 i thEansﬂiﬁw de by 110
mm hi gh We%}?%ﬁs?elrhons hn ofd a sr{grclsl% Sel \&E)acf{ ;altpanga}s%;e arrrl%r}able sa r\?ltmearnl he wei ght

ratio 4: 1! ar was of a re poor and EONE bl eed
wat er f or phldride) m@guaifvotum@smtmmgd uphad q&ihedm ﬂn@d)gteﬁ 42110 swfach? o thaur f ace

area of 0,120 PRASHBOF:L {nggn ibRidd afﬂ%% SEYS ﬂbc%? bs p@ﬁ&t@gtowrgck —

during the casting process e steel” cathode was forned fromtwo
100 nm st &¥lsaEpps aﬂ%&ifﬂ»@e@fést&&%yeaﬁﬁsaﬂtcﬂndéﬁ OpigT e miFrcselheopurpeseh wi de by

90 mm | OnﬁlesStaﬁ%kar@ﬁ Edafifig SRR AeploR ey aa,uda@m it 130 ﬁ’fﬂc%h()dl@ The al | ow bot h
to recelve current. e testi. n €SS. segmant

si des of thglﬁts d i h 9\% J% $
of the cut™ berfl%’ieéf‘éff’ JP @t 75t HIYe 1§r e rﬁfi‘cé‘ﬁ’rlés KHOBP%‘?:E’ ic cable
[43] was ecikned tlectcatlmdidieadionds theat:dmdenaﬁdxg;ehémﬂedlebﬁyond t he cenent

Tor o SRPL: SLSALL falcRansehans, LR e TR ARG, S5 55k )6t hode,

cen of t h
c e rre nt nobapet mecwaundoa oo wirsablrd furferad! tha e baswantstajed Witle theespitnt

nortar bl 9§§$§d¥§%f1§ed3%5 8fd 8N dl8 tdrnd PErudt Ci@é’% o{f QaIFdH e Z[RQ87hcAN el ectric
field nodifier [45] was made froma zinc froma standard zinc

chl 699%fé DAt dhecesmengmogtay 1psginens Brhryre f% 7a43tyé’rth‘? advn digmetfs heleda, t op
and i nsi déheQfentrbef €fhlspeclinen Wa@pa@mhy ﬂ(iedi witgaisnd @dtydBoTaddnhéziagedaer by 55

nm | ong. htl ysanded .a W th tor noy e eposi t.
The.  nai aelTishT fide SRV ED R A AATRRE R bab e b ERL Godf uf Ther
conduct i vdqmltmfllhaddtppmmz{tehy ) 74 c"ethbhnlec?dmjmtifiviel ep:xwidmwaandmtmteddo as

descri bed ] r ... The outer
surface o%ﬂ&h dtﬁ rotu%lcl)raﬁre Cﬁﬁgcag%ﬁ?ﬂ%ﬁi[ }eggt(%??i alngt \ sal't paste
consi st i ngalganig cgltrmto’fﬁsmé@redvanql reseisied aﬁ)é@@@b%@ Exapipde %a:ﬂle tper i mari |y
sodi um chkgdchHe)s Wdte RIURI 15044 FRSaBSe dHRHspeRindidthanRbiRed iR Hifgesput er

zinc surface of the nodifjer E@ nodi fier. was _ then bakcg galn in an oven
at 240C f 8AlVEBC et splegied at the conire! spadmgn ey e andE s e Wfer of
salt on t hedautiet thei - aum‘oaﬁ&:r The purpose of the salt-starch coating was

to %(%\é'] de A?t?erel%t Ill(yu?‘st {Vg r 44 ctlded(%o the' 1finé i)u % A espe-(l:_lrrllllesns to soften the
putty. The zinc-air modifier [45] was then pressed into the putty [S0] around the sac-
rificial anode [49] in one specimen to substantially surround the sacrificial anode. The
galvanic currents were recorded and are given in Figures 10 and 11. In the figures,
time zero is the time when the modifier was installed. The control specimen has no
modifier.

[0089] Initially no positive effect of the modifier was seen (Figure 10). Indeed the effect
appeared to be negative. The control specimen with the wet putty appeared to deliver
substantially more current than the specimen with the wet putty and the modifier.
However as the putty started to dry and harden a significant positive effect of the
modifier became evident.

[0090]  To explain this observation, it is noted that a galvanic current of 3 mA is a relatively
high current for such a small sacrificial anode assembly in a cement mortar. It equates
to a cathode current density on the modifier of 550 mA/m?. It is postulated that it is

difficult for the cathode of the modifier to support such a high current density in a very



nodifier is referred to as a zinc-air nodifier as the anode reaction is the
di ssolution of zinc and the cathodic reaction is the reduction of oxygen
fromthe wOr010f@6BE] Two zinc sacrificial anodes were fecrrEB2bLW/S6WEI Ng a
15 nmdi ameter, 35 mmlong bar of zin¢®around a titaniumw re. The surface
of the zinc bar was coated with the salt paste descri bed above and baked to
forma crusty layer of salt on the zinc surface. [0087] After the cenent
nmortar spEEiTPHEY AReXXaeh S@nt Bie ap raesy some o gontagh ithathecabonenéhd n t he

centre of .ga6dk SRBE MM ITiras et tl@'ch%o{iicgé&@%l% %%chdl)mn B %étée kRO] ha[]g E hteh
zinc sac ri s inserted in e |i u suc a e
sacrifici & La&r‘o@éhaﬁwgffwéwalj 3?@0?17 e ha‘ﬁ‘ﬁ’f%k‘i? 14 BEREY e hole. The
sacri fi ci akygendde e acegznacthe dathodd bieths redifies athile dige iﬂaﬂeu@buaﬁs @eectric
cable [51 1 m.resistor [5 he vani.c.cur was

reasur eq. i dad JEGEE Pty Rt s P AN U hhehever e
left for EuﬁmhmsﬂmqnmwabﬁSambmaddmtEbwQpeﬁVMEmJnmamcmwadmnbdbcm@yh|ghest

gal vani ¢ gHjLenfe J)/@M@g%taﬁgdlﬁérmﬁaﬁemm JSREFLAEN Whil e the second

speci nen was_use e zinc-alr ier. [0088] After 1.5 hours
vat éP09%ds AHirsd-G rys e pacHbicil arre; sl v insgRe B icaBpRS m@”t%ép%c‘éme@ Wasputty.
The zi Pc @b‘lierm)d’ltﬁ e t4Rdrtab@shi¢EMedOthe $& e ndditop tHeJ}ﬁ)lelpifﬂhE)(W{) 51§chgér§ésﬁnd t he
sac rificia 1IN one S Cl ne 0] a surroun e
Sheri 1t At o e R whte Rt e S M s i o

Fi gures lﬂnaMQHimnyhmddhewﬁhgmﬂﬁsmﬂgﬁnﬁﬂhmg@nﬁmspamnmmmaﬂwmaw the nmodi fi er
was i nst al T ly no
positive g#t?rgg?n %fd @g %%%JB I?P‘g%e ny %Il—gﬂmg fﬂlﬁ{y)eatll?ro‘g%] d ‘L'[[A]h § fect
appear ed tay bb Theghily weaxinmia aerdnmp@mug@msﬁ fiom W €rontdag 3vie26 dudayy 8appear ed

to delivep,gyhsh 65'}13 i AlHe\ir RIS s@HEsr (ﬁrgol& f8its %}5’5%6@9@&"[15@31% ontdRdiRed Mgt putty
and the nodifier. However as the star ry and harden a

si gni fi caMEXBREn{§TReraipedippRad tp ﬁéo ilf {CarThpis e 280 mpsm e loufpggoFssTo

exlol ain ltbmsshﬁiﬁsehuay IIQﬁt%began toSrﬁﬂlo\tJﬁldsctrh@mgﬁlﬁg?it\t@ﬂisﬁowm w&ﬁngqﬁg |3 mAis a
relative current O SucC Crifrl asse in a
Cemant " o bpettiess bl Fber oy et® Rt B oRdhihidy Th20p SRR R7 iRIFERNY s e o
550 MV m 2f thetconsolpadtzidcatietotlifit mottar Blodksf wascawitchedro mhem(satﬂhﬁﬂfﬁacof t he
modi fier li)f)a e aéés 1ﬁ%@ro@lh@a§:hTﬁé’aaﬁ§ﬂ%aﬂﬁﬂﬁi &1 t et 8 XQD&)%% ty as

oxygen fron1t cone into contact mnt & carbon on t cat hode
of the nodhf?2@r to sustain the cathodic reductlon reaction. In this case

the [@@2']"0defh@fgaIviﬁﬁlcrEﬁ%lf1ﬂs ElomPE o BpQEKetsNR GG E agMb | df%rgil/érb’m As the

putty dries ox easi er_acces o the cat hode. of ifier while
t he anode F?élé%il?gﬁ?d?{aﬁélg&‘?sé%%qu IFTGEs 3 FyRsfang Wﬁﬁ%fg“ ficted. Thus

t he nDdIfgeWamendﬁmﬁ@quSbﬂmlahhﬁn&ﬁﬁmﬂyfﬂ&&nb&ﬁcﬁﬂ%@kﬂdﬁMﬁSVﬁﬁgahardens

This obsety tr|118 r(]:urlrer:]n o%g‘t eﬁ% r}lotur ﬁgltl(f(hd E(l)n%ccfag/ %l War sn[gatav!/ars B3 Weeneleéj zefrgd for the

modi fier WA an art ca
5.6 times higher than the control specimen. The effect of the daily variations in air
temperature and rain on day 15 are also evident in the data and indicates that a be-
neficial responsive behaviour of the protection current output to changes in the ag-
gressive nature of the cement mortar was retained and amplified by the presence of the
modifier. The most pronounced daily variations occurred between days 7 and 12 when
the specimens were directly heated by the sun’s radiation in the late afternoons. These
pronounced variations disappeared when the weather clouded over. The effect of
wetting the specimen with rain water is a slower process that occurred after day 15.

[0093]  The galvanic currents from the two specimens between days 15 and 65 are given in

Figure 11. The data suggests that the effect of the modifier lasted until day 45. After
the modifier expired, the sacrificial anode continued to deliver current at a similar
magnitude to the control specimen. Thus it is possible to produce an anode assembly
with a modifier where the modifier delivers an initial boost in the sacrificial anode

current output without any substantial adverse effect on the longer term galvanic



[ 0091] After 2.6 days, the sacrificial anode assenbly in each cenent nortar
speci nen was covered with cenent nortar which filled the remai nder of the
hol e. Thewowoigpesssnmens were pl aced outsi de and exposedPrCo/dBreivesedsher of
the UK M dl ands. The weather was initE&lly sunny and dry with direct
sunlight falling on the specinens in the |ate afternoon and the speci nens
were drying fairly rapidly. This weather was sustained to day 11. The daily
maxi mum aPFW@@B&W&@%E‘éS%%Ef@laflla@@ﬁeﬂ Con day 3 to 26 C days 8 and 9. On
day 12 the first of a series of cold fronts passed over the region and the
dai |y maxi num tenperature dropped to a low of 13 C. There were al so nore
cl ouds and | ess sunshine. On day 15 it began to rain with sonme significant
rain showers wetting the specinens. Intermttent showers continued through
to day 19. On day 17 the position of the control and zinc-air nodifier
nortar bl ocks was switched to mnimse the effect of any changes in

m croclimate. The daily maxi mumair tenperature rose to 17 C by day 20.

[ 0092] The galvanic currents fromthe two speci nens between days 6 and 2 1
are given in Figure 11. The data suggests the nodifier has a substanti al
positive effect on the gal vanic current output of the anode assenbly. The
nodi fier resulted in an average gal vanic current over any 24 hour period
fromday 6 onwards that was between 1.6 and 5.6 tines higher than the
control specinen. The effect of the daily variations in air tenperature and
rain on day 15 are also evident in the data and indicates that a b e
neficial responsive behaviour of the protection current output to changes
in the ag gressive nature of the cenment nortar was retained and anplified
by the presence of the nodifier. The nost pronounced daily variations
occurred between days 7 and 12 when the specinens were directly heated by
the sun's radiation in the late afternoons. These pronounced vari ations

di sappeared when the weat her cl ouded over. The effect of wetting the
specinmen with rain water is a slower process that occurred after day 15.

[ 0093] The galvanic currents fromthe two speci nens between days 15 and 65
are given in Figure 11. The data suggests that the effect of the nodifier

| asted until day 45. After the nodifier expired, the sacrificial anode
continued to deliver current at a simlar magnitude to the control
specinmen. Thus it is possible to produce an anode assenbly with a nodifier
where the nodifier delivers an initial boost in the sacrificial anode
current output w thout any substantial adverse effect on the |onger term
gal vani ccurrent output of the sacrificial anode.d ains [0001] A nethod of
protecting steel in hardened reinforced concrete el enents exposed to the
air using an ionically conductive filler and an assenbly conprising a sac
rificial anode and an electric field nodifier that includes the steps of
connecting the sacrificial anode to the steel with an electron conducting



conductor and connecting the nodifier to the concrete with an electrolyte
wherein the sacrificial anode is a netal |ess noble than steel and the
sacri fi ciwab 2arode3sss substantially surrounded by the noecrics0endodshe

modi fier conprises an element with a 81de that is an anode supporting an
oxi dation reaction in electronic contact with a side that is a cathode
supporting a reduction reaction and the cathode of the nodifier faces the
sacrificial anode and is separat@lgjypag it by the filler and the filler is
a porous material containing an electrolyte that connects the sac rificial
anode0Gld t he Gamnkibdé obprotdeenge@elfindardanell tehdomaddencodte tlhmensdixposed f aces
away fromthe rifici : : J 40 claiml
wherein the cgf g ierdgﬁg?allﬁ‘elgﬂg%ﬁ% ?%ggg%ﬁﬁeg%%&%ﬂa%?{?ﬁl gét()@glgin%at %ﬁa
reduction reaéficishanadgand gpsteatitcifigld oddiep fas wsludgethestipe of on of oxygen

fromthe air. c$Q0%g Me MR IRG1 ARodd Bitheded] Wit 4 dRctrotheh@idinghe assembl y
i ncl udes a breat ablewgy drophobic material. [0004] A nethod as clained in

any of cl ai ms PG5 herein the useful life of the sac rificial anode is
substanti al | ycoireatigg the haslifidrao dsefoutretd wih af clebweolpedi fi er and a path for
ionic conduct&%ne%§tmeen the sacrificial anode and the concrete is provided
at |east after the useful life of the modifier has ended. [ 0005] A nethod
as cl ai med i ntherspcficiall ampdeisk metaldlesshenbéd than keelsadri fi ci al anode is

connected t0 gSEEHHQR a%défs%ﬁbst&rﬁiaﬁg s@h&@hdRfi b$ AMChHBLiEePAlLh repair and the
nodifier is positigned relative to the sacrificCial anode to enhance the

f1ow of curreffte ModiferonRitspon efmentyisht sids et iSoi HPIe WPPItinEEtos] A

net hod as cl abRE@tidireat@inh 2leshishieiconthbreyi@ss siabkhat isncdaddris sapforese 4 hat s
tied to a sectipon.of steeugﬁfthln an area of concrete patch repair and the
[

modi fier is pSStIYhEA“T M3 ve to the sacrificial anode to enhance the
current fl ow tdg dathode of thechodifierdnesy the owrifibiel drede and istseparasd €l i byhat 1 s
tied to the syeeh;..L0907] A nethod as clainmed in any of clains 1 to 4
wherein a cavity, sized to accept the assenbly is formed in the concrete
and t he assentiefilies is nperans watevipk ¢ontpining eavieciyolyfegb@gnpectethhgdcas cl ai ned

in claim7 whefiglalakdie 1@ aR&AMoMe bBtheMgddidi@@ddl N a backfill in the cavity

and the backfill contains the electrolyte that connects the anode of the
modifier to tHE @8&%9@@5 _rnodif?er faces away Trom tthe sacrific?al anode.

[0002] A method as claimed in claim 1 wherein the cathode of the modifier comprises
an air cathode with a reduction reaction that substantially comprises the
reduction of oxygen from the air.

[0003] A method as claimed in claim 2 wherein the assembly includes a breathable hy-
drophobic material.

[0004] A method as claimed in any of claims 1 to 3 wherein the useful life of the sac-
rificial anode is substantially greater than the useful life of the modifier and a
path for ionic conduction between the sacrificial anode and the concrete is
provided at least after the useful life of the modifier has ended.

[0005] A method as claimed in any of claims 1 to 4 wherein the sacrificial anode is
connected to a section of steel in an area of concrete patch repair and the
modifier is positioned relative to the sacrificial anode to enhance the flow of
current in a direction away from a section of steel.

[0006] A method as claimed in claim 5 wherein the assembly includes a face that is tied
to a section of steel within an area of concrete patch repair and the modifier is
positioned relative to the sacrificial anode to enhance the current flowing in a
direction away from the face of the assembly that is tied to the steel.

[0007] A method as claimed in any of claims 1 to 4 wherein a cavity, sized to accept the

assembly is formed in the concrete and the assembly is installed within the



[0009] A nethod as clainmed in any of clains 1 to 8 wherein the assenbly

i ncl udes an activating agent specially adapted for use in concrete to

acti vat e wheonaasisgi ci al anode. [0010] A nethod as cl ai med/dB20BEME0ME Cl ai NB
1 to 9 wherein the sacrificial anode 8db stantially conprises a materi al
selected fromthe group consisting of zinc, alum nium nmagnesium a zinc
alloy, an alumniumalloy and a nagne3|un1alloy [001 1] An assenbly
adapted for u§&iiyn any of claims 1 to 10 conprising a sacrificial anode and

bI dmts ric vaeﬁl@lthagd% ElaRied 1Ly \ltm&eﬁaﬁé asfselflb lis fRQA6d iSa ?adkﬁIIQh | ess
no e an s an acri i Ci a I NC es a connec

el ect roni cal | { ecf&mée%fp i%f%%kf&{ %utalmnt f? fralyle ﬁthOPH%:t%%raP‘F c‘?fé]lle anode is
substantialIynﬁﬂﬁk@mmmedobmekhe nmodi fi er and the nodifier conprises an

ele wth g si |5 an anode. su L Qxi.da reaction in
o1 oTFRBI coft BeOet iy HanF LRSS ERL MRl BB BB B et on
reaction and @hemoaghgnesmﬁumm@dmmdﬂﬁneweﬂa@E@ﬁim@HEatmcﬂﬁn%emﬁqdode and is
separated frogij. and the anode of the nodifier faces away fromthe

sacrificial anode. [0012] An assenbly as claimed in claim 11 wherein an

i onil@A0ly condudeihod as ¢lpinegd i gAN BE tlaimshbtoshwherincthe pacaifisénd apeslet #b-cat hode

of the nodifi @ﬂanﬁﬁ@]&}npﬁsﬁﬁﬁﬁiafé@hl Qec@d fBéin AFSABHY YorR&tiah af pmd i n any of
clainms 1 1 or éwgand a backfill n@alnln an. eI troI 41 A net hod

of protecting e Hla&n%%%rae%lﬁ‘:% %6’96 émB&‘Bb atfﬂaeg“%f'l}l %y an
el e¢®0lil¢ fi el dnmsshnfiblendgnel for ssciniahy of a]alrambctel(eaubﬁpmmtg abdcyifiaml her ei n

descri bed abog&x%%gdahlgﬁlﬁgﬁggnk)ﬁig%ﬁggﬁfnpanying drawi ngs. [0015] An

assenbly conprising ier and a sacrificial anode for
protecting st é@lsaﬁmflqalc?@ndfr sraengieklgestnabés Grpesdantdo the air substantially

as herein desgfdhediaRonedandiddbd #eSIRERH d dedtRBiANG CHMRRY I RYsteld @y NYS.
concrete and
the sacrificial anode is substantially surrounded by the modifier and
the modifier comprises an element with a side that is an anode supporting an
oxidation reaction in electronic contact with a side that is a cathode supporting a
reduction reaction and
the cathode of the modifier faces the sacrificial anode and is separated from it
and
the anode of the modifier faces away from the sacrificial anode.

[0012] An assembly as claimed in claim 11 wherein an ionically conductive filler
connects the sacrificial anode to the cathode of the modifier

[0013] A combination of an assembly as claimed in any of claims 11 or 12 and a
backfill containing an electrolyte.

[0014] A method of protecting steel in a concrete structure exposed to the air using an
electric field modifier and a sacrificial anode substantially as herein described
above and illustrated in the accompanying drawings.

[0015] An assembly comprising an electric field modifier and a sacrificial anode for
protecting steel in a concrete structure exposed to the air substantially as herein

described above and illustrated in the accompanying drawings.



