WD 98/ 35922 PCT/ GB98/ 00462 A
PROCESS FOR THE ELECTROCHEM CAL TREATMENT OF CONCRETE. Field of the

| nvent i on W8 1835922 nvention relates to a process for the el e®COTHERIEHDERI
removal of chloride fromconcrete and to a conposition for use in the
process. Background of the Invention The presence of chloride ions in
reinforced concrete 10 is known to be deleterious and it has been

previ ously proposed to renove chloride ions by a process which has becone
known as desalination. This process has been described in European Patents:
Nos 200, 428 and 398, 117 and i nvol ves passing an electric current 15 through
t he concret eﬁbgﬁ $nHOR THE HEGPROCHEMICALS TREABMENTt ©Fbet ween an

ext er nal Bhode and the steel reinforcement in the concrete. The
ext er nal tenporary anode is usually covered in a |layer of electrolyte which
often includes in addition to the 20 electrolyte an adherent coating
materi al . Th&FiG¥@cefothehdnyendii9m current is to cause chloride ions

within the cmﬁ@tﬁﬁ&m&saf&ahéguab tah@,x@wsrset&éomﬁds the surface and
into the electrouyte I%%' Eur o ean Pat ent 398,117 descri bes the use of
herh

a 25 fibrouSt&s FRueKalce tﬁta&omiq HEF M GIRCEEEE MR p
fibres with ad iguanpesfoionafeel isediar ene pricydsd. which is applied to

t he exterior %é?@hgé Fget<gu¥53éh%qb§praylng wher eby an anode which has

been previously € concre surface is enbedded in a
fibrous cell mi&@wnw of ockloridekionsi tiy ineinfioferd econcnetete is

al so knop® t Qg P&RILIES | BeISaeTbEet 088 s0bnY lﬁ' iMlid Yodehn I&%@@ﬂom ar bon

di oxi de and ot her atnospheric gases such as sul phur di ox rocess for
i ncreasi ng t RFORPSe] | LY | TERQVEf chiAEigee %@Ypﬁ RECHRSER ‘F%H%ed by
at nospheri ¢ gaseddrsmd aaiowt et odeékildaationed iThis process has

been described in European Patents Nos 200,428 and
398,117 and involves passing an electric current

15 |, through the concrete by applying a voltage for example
3 to 15 volts between an external temporary anode and
the steel reinforcement in the concrete. The external
temporary anode is usually covered in a layer of
electrolyte which often includes in addition to the

20 electrolyte an adherent coating material. The effect
of the electric current is to cause chloride ions
within the concrete to migrate through the concrete
towards the surface and into the electrolyte layer.
Eurcpean Patent No 398,117 describes the use of a

25 fibrous cellulose pulp in the coating and the mixing
of the pulp fibres with @ liquid to form a self
adherent material which is applied to the exterior
surface of the concrete by spraying whereby an anode
which has been previously applied to the concrete

30 surface is embedded in a fibrous cellulose coating.
Loss of alkalinity in reinforced concrete is also
known to be deleterious. The loss of alkalinity is
caused by carbon dioxide and other atmospheric gases
such as sulphur dioxide. A process for increasing the

35 alkalinity of concrete whose pH has been reduced by
atmospheric gases has been previously described in
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Eur opean Patent No 264,421 and United States Patent No 4,865,702. In this
process awe$sasprad ¢ current i s passed between an external | yPEHGBI®E62 °

el ectrode which is in contact with an al kaline solution and the 5 i'nternal
rei nforcenent of the concrete as cathode. The result of the process is to
I ncrease the concentration of hydroxyl ions in the region of the

rei nforcenent and thereby increase the al kalin%y of the concrete. The
benefit of doing this is that 10 corrosion of the reinforcenent is reduced
or prevented. The process has becone known as real kalization. Problemto be

sol ved by thgurdgstn addier agedes2)Rbay ehd Wriasst igwaiian vayede wade of
15 either an|lu§t?@%ter al_for exaggle expanded t.tanium nesh coated with

el ectrocat al i%ox{ Hes of? fFBLFnBRPHESS &1 (?:1 SIS uhBbl e net al
such as rei nfparsden) dtetemean Gketepnadage appliles] alexdtrade which produces
acid 20 aroynd {he.giode: Jiien CQRChELE 1T 3 JBorP G Alied or  damaged
and in the case of a consunable el ectrode, corrosion o he anode nmay
occur. Al Bo iintexnah retrforcerenbsofidtdehfancrsgte /S FAYROR: i on at the

anode produc@mhe Heine @RSt phocdl8s ik @ioC|igRadbsaagfe can lead to
unpl easant |y még%cw even hazardous | evel s of, tgﬁ“%as. Corrosion of netal

fittings may SOERHIAL OB Y| RYSFOXY e 1LHSdN TP WMorine has
been conbat eddiyh fasktcamgeno die theeébgl iniordameercimisliaiasivhiach buffer
the pH 30 | S Gl 0 t 2du 1:Qr ] f oramt, because the
| atter tends-Etril‘oe be .su]‘t)%tfée’sggrdﬁém ?%Llelr’flgge%g %18{-‘4 Dt%lglj'hi(;@rr%‘?%tri al s which
have beeh0 pr @gmesion sl the crédphoncemends 16f MeducedtQlf di ng agents such

as hydrated glravdieand SPhalbheoBESRUREEY Hedomes Usibvts apdi um borate. The

anount of pH buffer. which
realkalization.

Problem to be solved by the Invention
The anode employed in desalination may be made of

15 either an inert material for example expanded titanium
mesh coated with electrocatalytic oxides of platinum
metals, or made of a consumable metallsuch as
reinforcing steel net.

The passage of the electric current produces acid

20 around the anode. The concrete surface may be stained
or damaged and in the case of a consumable electrode,
corrosion of the anode may occur.

Also in a desalination process discharge of the
chloride ion at the anode produces chlorine gas which,

25 in enclosed spaces can lead to unpleasantly high or
even hazardous levels of the gas. Corrosion of metal
fittings may also occur. Previousky the formation of
acid and chlorine has been combated by adding to the
electrolytic layer substances which buffer the pH.

30 This can to some extent reduce chlorine formation
because the latter tends to be suppressed with
increasing pH. The materials which have been
previously used have been mixtures of fire retarding
agents such as hydrated alumina and soluble pH buffers

35 such as sodium borate. The amount of pH buffer which
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be added is not normally sufficient to |ast throughout the usual treatnent
period. * AIW@98B2HH whi ch can be attained in practice i s noPCTIGBIs@a4Eagh t 0
significantly suppress the production of chlorine 5 gas. European Patent No
200, 428 describes an el ectrochem cal process for the renoval of chloride
fromreinforced concrete in which the anode is _enbedded in a coating of a
mat eri al capabl e of 10 absorbing chloride such s a retarded gunite. Qunite
is a finely graded concrete (ie a mxture of cenent and sand) which is
suitable for application by spraying. The gunite is retarded to prevent it
har deni ng befcam kenpiieedoisohothaorhadliyoewdtictlentS 6 oL&se. However
gunite is a n (o] t resents a

di sposal proble a‘\?\ﬂgﬁuye%ég‘ag%%gﬁ%ﬁé&?gﬁ%r g\tgeyladlvI h%%gnd %? §§e process.
It is now pré'!'é*‘F‘édC‘?% heeattainedi i prastiges ishinot drkghighowgh are al so
able to retaitb 29i i PREQRED Uynéﬁpﬁf:'e\é%t Qhea?‘i'cﬁﬁﬁ:mx? $8S&hYo Pig@osed of
at the end of _the process. United States Patent Nos 5, 198,082 and 5, 228, 959
descri bes®t hé3?¥e as the anode of a ferrous netal such as steel
particularly Eurd:pmax&o?aterﬁtangrndp abe Zae&fcfa:ﬁeiesnfarymi chis to react with
the chloride e y i.ng _the libe n of chlorlne
gas. These pa% en d| s %é%ﬂtRL{;Sé%Qngs gg’se%et"ﬁ)e q}e\%# ?)th:g corrosion
products can ia@redrmé@reedfgengyetﬁcmaymgm e/ @nade isvel up to 40

volts but 30 éﬁ@éddéusleﬂeéecaaﬁfﬁglbfﬁaymaee%%qs %ﬁﬂa rgpl ace the anode
grid. A solutlon t0, the above descCri bed probl em of icwlne formati on has

now beenif nvERIFRINGHERICELER| HFRY 8S0Ri Hetardest iR IRl dRRRELe S
enpl oyed as ais3T ciimelnegssdeangencratihe iadae kXt @@ tddcement

and sand) which is suitable for application by

*C

spraying. The gunite is retarded to prevent it
hardening before completion of the electrochemical

15 process. However gunite is a heavy and unpleasant
material to work with and presents a disposal problem
when removed from the concrete at the end of the
process. It is now preferred to use adhesive
materials which are lighter, are also able to retain

20 larger amounts of water and are more easily disposed
of at the end of the process.
United States Patent Nos 5,198,082 and 5,228,959
describes the use as the anode of a ferrous metal such
as steel particularly in the form of a grid, the

25 effect of which is to react with the chloride ions and
corrode thereby reducing the liberation of chlorine
gas. These patents disclose that .in most cases the
development of corrosion products can be compensated
for by increasing the voltage level up to 40 volts but

30 that in severe cases it may be necessary to replace
the anode grid.
A solution to the above described problem of chlorine
formation has now been invented in which calcium
hydroxide or barium hydroxide is employed as a

35 chlorine scavenger in the adherent coating.
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Summary of the Invention According to the present invention a process for
the el ect MX¥W&$¥al rermpval of chloride ions fromchloride- BIN0MGE -
reinforced concrete conprises: 5 passing a direct current between (i) an
anode in electrical contact wwth a coating containing a water retaining
material and an aqueous el ectrolyte applied to,an external surface of the i
concrete and (ii) a cathode which is located internally in the concrete, 10
whi ch process causes chloride ions to mgrate to the anode and wherein to
reduce the production of chlorine gas, the coating contains, as a chlorine
scavenger, sﬁdmha%&o¢ﬁnth9dﬁuMaﬁ;innbariunlhydroxide or m xtures thereof,

the chloriney 1 a a 8% by
wei ght based on tﬁe g# {E$| f§§€ﬁg agfg?t?g?agﬁngc%%segfgeaﬁh
Advant ageous OQﬁeW¥ﬁ? RReYah FReChdQEAE8gaOBE £KEMpresent invention

is that the Zﬁxlcﬁ:FmJaQidmmlﬁ@ﬁéiﬁEoﬁ&édl &oﬁedueed cBmeflsEescrl ption of
t he Draw gs Fagggillsa ers ect and its

We Tna 89 dasthing " Y EF R G S0t BFrREef (i) 98 3RBAS 42 Tn% he

pr esent invemmamtrﬂ&qﬁ:hmnmanpewspbcal ceating, cpataliniogt aawayesf the sane

| Detail ed deseliali o Ole IR LRYCHL' 8udBysTHECRE 86833 Lhobli ol esent

i nventi on may 0 renove ichis
initially pré§emﬁ|Q¥%QKPQ%NE¥%¥%CGT9§ ﬁb?eF°P§F§Fﬁlﬁ§dnéﬂéﬁlal i S

preferably adaesio hyhién cbslﬁoaae@a ihebrhhlilg @ap@hbecahcaélaérl ng to a

35 concrete rfrace which cl.i ned su
10 %ch process cags aﬂlorlde gons Eo mlgrate to the

anode and wherein to reduce the production of chlorine
gas, the coating contains, as a chlorine scavenger,
solid calcium hydroxide or barium hydroxide or
mixtures thereof, the chlorine scavenger being present

15 in an amount of at least 8% by weight based on the dry
weight of the water retaining material.

Advantageous Effect of the Invention

The advantage of the present invention is that the
20 production of chlorine gas is reduced.

Brief Description of the Drawings

Fig 1 is a perspective view of a dry hammer mill and

its driving motor suitable for use in preparing fibre
25 for use in the present invention.

Fig 2 is a perspective view, partly cut away of the

same mill

Detailed Description of the Invention

30 The process of the present invention may be run to
remove from 50% to 80% of the chloride which is
initially present in the concrete.

The water retaining material is preferably adhesive by
which is meant that it is capable of adhering to a
35 concrete surface which may be an inclined surface.
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wat er retaining material may be an organic material such as cellul ose fibre
al t hough iWMOr98@s28 materials for exanple cal ci um hydroxi de PCTEIEISHHNE62be
used. 5 Conveniently the water retaining material can hold at |east 100%,
Its own weight of water and preferably at |east 200% nore preferably at

| east 300% for exanple 300 to 500% In one enbodi nent of the process the -
coating may be 10 cal cium hydroxide itself antPThe process may be carried:
out by form ng a coating of cal cium hydroxide on the surface of the
concrete (desirably a horizontal surface), then applying the anode for
exanpl e in thehéowaretr zeghithiong RRitcarichl hedy aiwla/nrtgr nikt her 15 | ayer

of cal ci um hy o] t en he I|ed to the
coating to pr'g‘{‘/?ékgg% ééueogg I%%(igrﬂ(?vseer ﬁ? WERH%)’/ % tBating. The
wat er di ssol vesteriaadsl famsmﬂet hew 1ol uom myd!;mkme diet sl £ anay abs at ur at ed

sol ution of cgkgyum hydroxide which 20 functions as an aqueous
electrolyte. It Is not essential to nmaintain a layer of water on the |ayer

of cal ci uf hy@PBXPR&CRELHOLYR Water cPAdMiag matewiab ¢an gl eBthat t he

cal ci um hydr oxedeti sobepit@bsﬁn whig matcefr w&séfoear&?l éfbi&lapf &y neans of
a tank 25 te fixed to t rete for Ie%%% ts, Usually

the primary p 3ﬁgeb8¥%fhgoﬁﬁo€§§ %ﬁ? ?%@Tgﬂ?ennve

chl ori de i ons3¢@antostoh%sa process woul d be nor mally referred to as a 30
e Lo BEsbupbUBNRE lethondlodlay i MARESTPSbSE 0o |
(such a pPoceS3labumdhidraxiAe BEsedfl and ddikanocasvmanmie where the
concrete contgapsidd ol Byl gorkaRy aNEJdtaTRy BOH e v fafdetge W th the
on the surface of the concrete (desirably a horizontal
surface), then applying the anode for example in the
form of a grid or net and then applying a further
i5 layer of calcium hydroxide over the anode. Water may
then be applied to the coating to provide an aqueous
layer over the calcium hydroxide coating. The water
dissolves a small amount of the calcium hydroxide to
form a saturated solution of calcium hydroxide which
20 functions as an agueous electrolyte. It is not
essential to maintain a layer of water on the layer of
calcium hydroxide although it is convenient to do so
to ensure that the calcium hydroxide is kept moist.
The water may be held in place by means of a tank
25 temporarily fixed to the concrete for example by
bolts.
Usually the primary purpose of the process in the
present invention is to remove chloride ions (and such
a8 process would be normally referred to as a
30 desalination process).
However there will also be processes where the primary
purpose is to effect an increase in the alkalinity .of
the concrete (such a process would normally be called
realkalization) and where the concrete contains
35 chloride ions and these migrate to the anode with the
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of their being discharged as gas. Such processes are intended to be within
t he scopeW&¥983882pr esent i nvention since sone renoval of cﬁF@qu’?é’“?‘%fRes

pl ace. However when al kali netal carbonates are enployed in 5 ..

real kalization (normally this would be as a solution in contact with t he
surface and the external anode) it is preferrg%_not to use the chlorine
scavengers of the invention because of the risk of precipitating calcium -
carbonate or barium carbonate and the formati on of 10 sodi um hydroxi de

| eading to a | oss of chlorine scavenging ability. Wen no al kali netal
carbonat e i s rdgk @fdhar deany diddmrigedtangasncietlke prooessest he

al kal i i |i g /eahidnddah We Vit g ausagcse dhe ! Bopbppent

i nvention may w antage 15 be used. By re forced concrete i s neant
any concr et e 1FiREH; ifith ¢ idicee |somph Fengwal P b rcpker ige njakesi Btaseavenger

lrec'gCtS W th g@»@vézemnsmmm nRidan rméi@sr@b@texﬁﬁlﬁiﬂéar?ﬁe 20 f
i ber at ed_ an t.erm.scave not nt e to nean that_a traces o
chlori nedsolre F@ﬁ&?@d aﬁfé’%ét"g’m% n"(%‘ﬂf‘?yb%r%ﬁl?iesﬁ utpgn

r ei nf or cenentinofcanta aro neirtdt e.heTruanzﬁmke amitl the extsernal eanodea)i ny

contai ni ng 23 elgct %}lﬁgcg fan tQﬁ ftﬂ{ém&]?cﬂzg ﬁgpéé&;ie P?egogﬁéet e

surface as an asse refe ovvever anode IS to the
concrete sur flépé'@wft hacausa af vﬁltGh W%I%t?@?’el@lt%6hﬂﬁl aphginmdi um f or

exanpl e as deaghidiftd brEWaRARRAD cHi v A 39% lddrmadibhi bed States

Pat ent No_ 5, 320,,722 descri_bed in these patent e anode may be first
nmount ed th tﬁé’d&&’fbllﬁ‘?%wet Heading &P & ﬁ&%ﬂ Q\Et‘ﬁh Aposi tion

conpri si ng a sicawents neeldhilldsiye pwmermnceob]/kaiu ametaébc&:aannatéoikor m an
35 adherent cQahi G £ P NP1 Sl FLLLI¥ Sy concrete prone to
the alkali silica reaction then the chlorine
scavengers of the present invention may with advantage
15 be used.
By reinforced concrete is meant any concrete
containing steel. -
The calcium or barium hydroxide scavenger reacts with
chlorine to substantially reduce the mount of chlorine
20 1liberated and the term scavenger is not intended to
mean that all traces of chlorine are removed.
The cathode is conveniently pro#ide by the
reinforcement of the concrete.
The anode and its associated coating containing
25 electrolyte can be preformed and applied to the
concrete surface as an assembly.
Preferably however the anode is applied to the
concrete surface and then coated with an electrolyte-
containing medium for example as described in European
30 Patent No 398,117 and United States Patent No
$,320,722. As described in these patents the anode
may be first mounted on the concrete and the surface
sprayed with a composition comprising a fibrous
cellulosic pulp mixed with an electrolyte to form an
35 adherent coating containing the electrolyte.

SUBSTITUTE SHEET (RULE 26)



WD 98/ 35922 PCT/ GB98/ 00462 -7- These
patents further disclose that the pulp may be forned of natural cellul ose
fibres wi M?¥/P% on of mineral fire and snoul der retardant gq{ﬁﬁ?s’a%‘%orax,
magnesi um and al um ni um oxi des and certain silicates 5 although- -the need-
for these is reduced in the present invention. For use in the present
invention the dry fibre is conveniently m xed with the solid calciumor )
bari um hydroxide in the process for the preparation of the 10 fibre eg the
mlling of the cellulose and supplied to the job site as a m xture where it
Is mxed with water, for exanple, by supplying the cellul ose

fi bre/ scavenge®hese patenis wesrxthers discldossoidRts the DWLp tmay cbepr ay

nozzl e in Whigghuldieotatin®l 888142 205e0PiMYE Wik PBddfdidnSHEay
containing a mxture of wo. Preferably the water retaining adhesive

t he
material is FAREER NG IPPYLERE Fetardants SHFIRS LA exanpl e
recycl ed or magoesiiunitaed el hminiampoki desd0 aden\wartanin ysihcaeds ul ose

brobucti on oP e i S s Phr LiSRa3% £y 11 HS WPartie o

oper ation. CdRv@ndse®rnfd bre is known as a replacement for asbestos 25 fibres

in a nunber @brapidd Gal S SHEleRe PAVBhYidN thaa W8P Fehréeigactory
linings and especially fibre cenent panels. In a typi'cal process for the

preparati on GPIYENIRHSY Mibfed vhehi EBg Selice qadahult SRR WWhsprint in

30 sheet foraydrosdskedid e spreddes Ebemuneeprdpuratiaddes pwper is
passed t h.the first of. on.mll. The

T hadtd ot SoPRS e W i ad cSBuknE, IJARES e SREEEN B 1 or co
t he mat eri al thier gedh s erdoratrixherel wBbrecriden.s Thxerhtweitial , which at
this point |gaRdkl, ¥or example, by supplying the cellulose
fibre/scavenger mixture and water as two components to
a suitable spray nozzle in which they are mixed and
15 from which is emitted a spray containing a mixture of
the two.
Preferably the water retaining adhesive material is
fibrous and preferably the fibres are cellulose for
example recycled or reconstituted cellulose pulp.
20 Conveniently the cellulose pulp is derived from
newsprint or -other waste paper.
Processes for the production of celluose fibres are
known in the art and are in commercial operation.
Cellulose fibre is known as a replacement for asbestos
25 fibres in a number of applications such as panels,
tile adhesive, refractory linings and especially fibre
cement panels. ) ¢
In a typical process for the preparation of cellulose
fibres the feed in the form of waste newsprint in
30 sheet form is passed to a shredder from where the
shredded paper is passed through the first of two
hammer mills such as a Jacobson mill. The mill has
rotating hammers or blades which together with air
suction force the material through a perforated metal
35 screen. The material, which at this point is partly
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fibrised, is passed to a second hammer mll. At "a point between the two
hammer ni MR85 cal s such as fire retardants are added. |RCT/GB98/00462
preparation of fibre for use in the present invention the calciumor barium
5 hydroxide is added at this point. The material is then passed through the
second hamer mll in which it is further fibrised. The product is then
conpressed and extruded into bags for storage. The fibres after |eaving the
second hammer mill 10 wusually have a length of between 0.5 and 2.0nm The
freeness of the fibres may be in the range 45 to 75[err] SR

( Shopper - Ri ediidrgisddcoidi pgssedanot beseaoper thapmarhaenihllendtoa a

COMpOSi i on g, APALLCALERNAE BwBORGRRAES SHINAL Tridhilta1 { OLfLANa@dher ent
1 I a e o

coating conprises (1)an organic mnater capa retalning water, said
or gani ¢ mat erfiie fERHRFIARES a@FespA8eR-x iy &hfh T IRTARL PR OhafdPrand (ii)
at |east 10%gur Wekghin Ofhéapeedaher ibaentio) tHY dexd tigm bas egapiuhhe dry

ight of _th ' terial. T h JLion. i d with wat
to provi dd a orvie nEt cFadea ffy KBRS PSRRI RR A EE IRl “Tanthere
surface by sipesser. tiiheughouhe sécoadchamn@d miidr dxi dehieh bati iim
hydroxi de preagiinds PIALEEER! YrheOBaluh SWodE BUGLELA0LY hhgM 25 1O

45% by wei ght based on the weig he dry a oating nateri al
whi ch is prefeftaiided BRLe PagscEiprhsEOrAGR-xt ure of cal ci um hydroxi de and

bari um hydr odiie Slbrd@yabeetrSedainghithle GRRrid e mENLi oned figures
refer to_their CQg€£ ed meiggts. The%e anount s of cal iup1h drpx'ge resul t
in a gredfly 4§Hi 9‘%%%p?e ehghoPIcRESSRE fue tq}‘cfl"% aci T9%of solid
cal ci um hydr diretend s reficthei £ bbebsomaye bendn the range 45 to 75°©
SR (Shopper-Riegler).
According to another aspect of the invention a
composition for application to a concrete surface to
15 form an adherent coating comprises
(i)an organic material capable of fetaining water,
said organic material forming an adhesive mixture when
mixed with water and
(ii) at least 10% by weight of calcium or barium
20 hydroxide based on the dry weighﬁ of the organic
material.
The above composition is mixed with water to provide a
adhesive material suitable for application to a
concrete surface by'spraying. The amount of calcium
25 hYdroxide or barium hydroxide present is preferably
from 20 to 50% more preferably from 25 to 45% by
weight based on the weight of the‘:dry adhesive coating
material which is preferably a cellulosic fibre.
A mixture of calcium hydroxide and barium hydroxide
30 may be used in which case the above mentioned figures
refer to their combined weights.
These amounts of calcium hydroxide result in a greatly
improved suppression of chlorine due to the capacity
of solid calcium hydroxide to react with chlorine and
35 also achieves pH buffering which is superior to
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35 also achieves pH buffering which is superior to WO 98/ 35922

PCT/ GB98/ 00462 -9- previous pH buffers in that the quantity of materi al
avai | abl e WQ¥98/358%ction with acids is conmparatively |arge. SPPF&BIFAMOBN of
the cellulose fibre by dry mlling. The feedstock is either a virgin
cellul ose pulp or recycled/reconstituted cellul ose such as waste newsprint.
The feed is first broken up into small portiong having an overall size )
bet ween about 5nmm and 10 20mm square. The iniffal breaking down may be
performed in a conventional shredder. The resulting broken up material is
then delivered to a Jacobson hamrer m |l of the type illustrated in Figs 1
and 2. This paevious |[gH dorffersesim that nghéOghantigyaefematerdimkhute 11
with an inle ' - 2 f agpe Al he casi ng
is a rotary tglvgﬁgn@tﬁ%o(r?porﬁt g}{gnagcég%,ﬁlg\sl iﬁ“d?.eg‘é% \g]g aEgkggﬁ\gtlilnh}g&fi om a
driving not oA8F@e-The hub supports the individual hamrers 18 which
cooperate with the cutting plate 19, 20 screen 20 and back plate 21. The

speed of .operation of. the ine i et weep. 1500, and,_3000. ypm and t he

hamer t i% s?)’é?é’q%ate?p‘b'? o‘%fﬂnﬁpgl ?%@Pﬁﬁ aflléﬁﬁopb’m%rfhénjs£f’e'éﬂ° di anet er

i s appr oxi nattéley fe@dstads iande itheesca eeirgper teldudose palprary from

. appr oxi mat el oy wﬂgg S n_ar 9\ be between
about 1000 a%g%%%ﬁbﬁé&%%res%%% e§#%n%$¥%%£§§ﬁngpggi?% %% preferably between

about 1/4 X pexspriat.ndiws tgep 119 SapsiK brpkeppngpedntohemadle of fl ow

throggh t he B_@m&;dg |Havfi_€H?; \éﬁl{yoé’@r&mséﬂ_ﬁéabéiwé&ﬂ ﬁ%&&em@'_é}{h the type
of mll and Size 'screen siZze and I¥ e of fibre and whet her chem cal

addi ti vel ar @O SGHEF e 1 Thfor LrRreRkE 89 ARYRBEeY &€ grinding ai ds
t he vol unet r perttormeghpui avddnveEntd desBdsirgadércantthy. réguilading

broken up material is then delivered to a Jacobson
hammer mill of the type illustrated in Figs 1 and 2.
This hammer mill comprises a casing 10 having an entry

15 chute 11 with an inlet opening or table 12 and a feed
damper 13. Within the casing is a rotary element
comprising a hub 14 driven via a coupling from a
driving motor 17. The hub supports the individual
hammers 18 which. cooperate with the cutting plate 19,

20 screen 20 and back plate 21. The speed of operation
of the machine is between 1500 and 3000 rpm and the
hammer tip speed is approximately 2200fpm at 3000rpm.
The screen diameter is approximately 30 inches and the
screen aperture size may vary from approximately 50mm

25 down to about 1mm. The screen area may be between
about 1000 and 2000 square inches and the hammer size
is preferably between about 1/4 X2 X 71/4 inches and
1/2 X 2 X 71/4 inches. |
The rate of flow through the hammer mill can vary

30 considerably and can depend on the type of mill and
size screen size and type of fibre and whether
chemical additives are included. If inorganic
chenicals are added as grinding aids the volumetric
throughput will be altered significantly. Typical

35 feed rates are between about 3 and 5 tonnes/hour. The
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35 feed rates are between about 3 and 5 tonnes/hour. The WD 98/ 35922
PCT/ G3B98/ 00462 -10- hamrer m Il may al so i nclude nmeans for introducing vent
air throuyvoasnsmper air vent 22 and a | ower inlet control | ROT/GPIS0OMENL
slide 23 and the resulting pul verised separated fibres are renoved fromthe
base 5 of the mll at 25. To the fibres is added the cal ci um hydroxi de,
preferably 25% by wei ght and the m xture passed through a second hanmer

mll simlar to the first. The invention is iFR8strated by the follow ng
Exanple. 10 Exanple. Four identical reinforced concrete plates (reinforced
with a mld steel net) neasuring 700X700X50nm were prepared by casting from

the same m x goRhér "md¥134a9f atike LHAUNEIBEnS eHOd RS LIRgle. The
pl ates were 15 subéect ed t0_desalination treatnment using as an anode a

titani um mesh’@hbeRYEIEPRORER BP0 IPRSTH R Ini¥ES w4 PRt R r LO%eR
desal i nati on imbetacohedodlitdabylAnwenterslidd Zdradithsuréswrktirdde fibre

In the case e \Y% | I Ll |
addi tives. 2%"%%?%% %ﬁp%r%a%g@r ?}'tl?se _i%‘c{%ﬂﬁm&aéyl\ﬁé}%%%gﬁ%%d I's
produced By EREethenuidlr fEs26tdTion thsh Nates Gemdded cche repd ol it is

comercial |y py@ibabhe, BRerbirBbdy Bohrans e tdifd Aie mipoupb at es was
according to the invention, the fibre itself being 25 _identical to that in
NCT FG 2000 HRAS$Rdt EREOHPh: Re SEGRARSHNAIMAT ik} | AL &P Nk 259 by

wei ght of calg&ipgthydroxi de based on the dry weight of the cellul ose fibre.

The cal ci um hydr oxj begen. i mJtlJ of t ul ose as
descri bed aboh%(/% 3@19%%@%&&ggoﬁagﬁgq‘g%#{/eéfn%%nhr‘g}e a%’aifﬂl)q\’/le%g. lljL%?]’ég#lébre
coati ngslfer Expmppled by spraying together with water in known manner. One

plate with figgerof a8RENCHPT FUli AP TI&ete plates (reinforced
with a mild steel net) measuring 700X700X50mm were
prepared by casting from the same mix containing 3% of
the total weight of sodium chloride. The plates were

15 subjected to desalination treatment using as an anode
a titanium mesh embedded in cellulose fibre mixed with
water. The desalination was carried out at 1Amp/m2' of
concrete surface. The fibre in the case of two plates
was conventional containing conventional additives.

20 The particular fibre used is known as NCT FG 2000 and
is produced by Excel Industries Ltd in Ebbw Vale Gwent
Wales from whom it is commercially available. The
fibre in the case of the other two plates was
according to the invention, the fibre itself being

25 identical to that in NCT FGC 2000 but instead of the
conventional additives contained 25% by weight of
calcium hydroxide based on the dry weight of the
cellulose fibre. The calcium hydroxide had been added
during the milling of the cellulose as described above

30 in place of the conventional additives. The fibre
coatings were applied by spraying together with water
in known manner.

One plate with fibre of each formulation was then
placed during desalination in enclosed chambers

35 measuring approximately 1000X1000X100mm and the
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pl aced during desalination in enclosed chanbers 35 neasuring approximtely
1000X1000X100mm and t he WO 98/ 35922

PCT/ GB98/ 3¥RQ8%35923. concentration of chlorine gas in the at RE{GREPAMO cach

chanmber was neasured at regul ar intervals using Draeger equi pnent. Two

pl ates were | eft unpowered and exposed to the air 5 for observation of the
drying properties of the two types of fibre. Igg_chlorine concentration of ~
t he at nosphere in the chanber containing the fibre fornulation according to
the invention was below the | evel of detection at an 10 early stage.

After a period of tinme corresponding to approximately half the nornmal

desal i nati on ¢prcestratiehngfwshdborige Aaserin nde ftgfospheratimer e passed)

the chlorine &oo eghattbelNGad! MBARLSER at WYL DRSO AL NigEhghe fibre
according to the invention was 15 only between 1/50th (fiftieth)” and

1/ 120th (one PXAR¥eH SAHLPRERALreth) of that of the chanber containing the
conventional fwdrplatestwereatefel unpoveredlsicexosdd Wy etlexpobed to the

at nospherg, the fi taining | ¢ hydr.oxi de .20 formed a crust

caused bygr eacty o Q%%fﬁégﬁggab?i ff%]%h?&&glﬁ%é’ré’r?cfra Jrﬁ)s’sp er Wie Bf%on

di oxi de. The twpesuafclibveate which had formed resulted in a weak

segnent ati on t C I; 0 MRS ' e nmass
oﬂFe @m?ﬁ;‘é SOHEEEI@'%gfng@v%oratloér?M %ﬁ%ﬁ%g%&gt vé;nt age of

| ess prone t 0ss of nolsture

the process ofhamRernGeRtpdRing %‘F?St fipxrep formriadi ot agsrdgPal |y
hydrochl ori c wé diRbtehbeonneds beloadithedlevelVB Ot A ion at an

PCT/GBQS& 04Q§ar1§ stage. After a period of time corresponding to
approximately half the normal desalination process
(during which 580 Ampere hours of current were passed)
the chlorine content of the atmosphere in the chamber
containing the fibre according to the invention was

15 only between 1/50th (fiftieth) and 1/120th (one
hundred and twéntieth) of that of'the chamber
containing the conventicnal fibre.

In the case of the two plates which were eiposed to
the atmosphere, the fibre containing calcium hydroxide

20 formed a crust caused by reaction between calcium
hydroxide and atmospheric carbon dioxide. The calcium
carbonate which had formed resulted in a weak
segmentation of the surface of the fibrous mass which
rendered the mass less prone to loss of moisture by

25 evaporation.

A further advantage of the process of the invention is
that the production of acid, especially hydrochloric
acid at the anode is reduced.
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-12- CLAIMS: 1. A process for the el ectrochem cal renoval of chloride ions
fromchloride-containing reinforced 5 concrete which process conpri ses:
passi ng aW@P#¥92%urrent between (i) an anode in el ectri calPGI/GBIO04R t'h a
coatlng containing a water retaining material and an aqueous el.ectrolyte
plied to an external surface of the concrete and (ii) a 10 cathode which

|s Iocat ej!'ﬂﬂﬁﬂﬂi‘ﬂﬂ"““ﬂlﬂe concrete, which _brocess causes chloride ions -
to mgrat wherein to reducé*fhe production of chlorine -
gas, the coatlng ‘contafns® as a chlorine scavenger, solid cal ci um hydroxi de
or barlun1hyg&§ﬁkgﬁ.or 15 m xtures thereof, the chlorine scavenger being
present in a t of at |east 8% by wei ght based on the dry wei ght of

the water retaining material. 2. A process as clained in claim1l wherein

the water 20 retaining material is cal cium hydroxi de. rocess as
o ol o s PHAthsE far ne et et SR ean Esharal coBunce ve 25 4.
A process as chilaried nmm:l dironl chldy ideredmtd ivei agobeinddreblori ne

scavengerg i's () based on the dry weight of
bt d 3051200 02 Sl gL,

t he mater retal ni ng a process as clainmed in clains
3 or 4 mherepﬁﬂﬂmﬁgMﬁ(ﬁiﬁeﬂﬁuQﬂﬂKﬁQﬁﬂhﬁﬁW@ematb)|®m anedée| Uhose fibre. 6.

A process ase@b@ﬂ?ﬂédﬂ"dﬁﬁhé&EEWE ﬁﬂ%nﬂoﬁiéiﬂfn&h§r§é8e£he anode
is nade of a consunmabl e 35 netal . MD 98/

PCT/ GB98/ 004ESTRLIANG &t?e%%r 1al 4ngd ARy FGUSERS FeSErel BFAsaRPEEeE wher ei n
t he anode istoraa extarnalersurnhice .ob the Acowtpose tamd { 0ijyagplication to

a_concr efe SULLAGH Quliohin A RINNENs FOAHADE § OIR" {74 "onkde 8D OF 92NI ©
mat eri al” capa Bie 26 A1 hiH g ‘water,

which process causes chloride ions to migrate to the

anode and wherein to reduce the production of chlorine

gas, the coating contains, as a chlorine scavenger,

s0lid calcium hydroxide or barium hydroxide or

15 mixtures thereof, the chlorine scavenger being present
in an amount of at least 8% by weight based on the dry

weight of the water retaining material.

2. A process as claimed in claim 1 wherein the water
20 retaining material is calcium hydroxide.

3. A process as claimed in claim 1 wherein the water
retaining material is adhesive.

25 4. A process as claimed in claim 1 or 3 wherein the
amount of chlorine scavenger is in the range 20 to 50%
by weight based on the dry weight .of the water
retaining adhesive material.

30 5. A process as claimed in claims 3 or 4 wherein the
water retaining adhesive material a cellulose fibre.

6. A process as claimed in any one of the preceding

claims wherein the anode is made of a consumable
35 metal.
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said organic material form ng an adhesive m xture when m xed wth water and
10 (ii) at |east 8% by weight of solid calciumor bariun1h¥groxide based
on the drVOR83/22 of the organic material. 9. A conpositionP&I/CH%OME3 | n
claim8 wherein the 15 anobunt of cal cium or barium hydroxide is from20 to
50% by wei ght based on the dry weight of the organic material. 10. A i
conposi { [ N claim8 or 9 wherein 20 the organic material is
cel lul os!ullmﬂu“mummllgnpom tion as clainmed? - any one of clains 8 to 10
whi ch furthér tontains*water in an anobunt to provi de an adhesive
conposition suitable for 25 application to a concrete surface by spraying.
12. A nethod for the preparation of a conposition as clained in claim 10
whi ch process c ' ' ht Qor | v ; Id ul ose
during the m'%I'I ?’Eggg?):%o%fsa%qule%%%sieﬁ %319 %ﬁ%e?%ggﬁaésﬁnc% gﬁrrtgg % n claim12
wherei n the WBPrgilssdhes anfdg it ®ade fhstR pASEE ARFakre net hod conpri ses
shreddi ng the paper, and mlling the 35 shredded paper in tw stages and
addi ng the cblopi eemporitiigel fir eipphechtioh $oage.concrete surface

to form an adherent coating comprising:

(1) an organic material capable of retaining water,
said organic material forming an adhesive mixture when
mixed with water and

10 (ii) 'at least 8% by weight of solid calcium or barium
hydroxide based on the dry weight of the organic
material. '

9. A composition as claimed in claim 8 wherein the

15 amount of calcium or barium hydroxide is from 20 to
50% by weight based on the dry weight of the organic
material. '

10. A composition as claimed in claim 8 or 9 wherein
20 the organic material is cellulose fibre.

11. A composition as claimed in any one of claims 8 to
10 which further contains water in an amount to
provide an adhesive composition suitable for

25 application to a concrete surface by spraying.

1i2. A method for the preparation of a composition as

claimed in claim 10 which process comprises adding the

chlorine scavenger to the cellulose during the milling
30 of the cellulose.

13. A method as claimed in claim 12 wherein the
cellulose is obtained from waste papef and the method
comprises shredding the paper, and milling the

35 shredded paper in two stages and adding the chlorine
scavenger after the first stage.
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