COMMERCIAL IN CQNFIDENCE [LIMITED DISTRIBUTICH )

Circulation of this document iz limited to staff
af Fluid DVnamics, and those UKARA staff on the
distrilbution lief, any further distribution ta
be authorisod by Dr.A.M,.Pritchard.

' COLLOID-ATRON"

Patents panding

AERL-C

Contral of Scaling by
celiaid-a—1ron Deyvice :
Mochaniatic Experimonts

T.C.Duckley atnd A.M. Pritcohord

Materials Development Division
inilding 3921
Hatwell Laboaratory URARAL

daniarzy 19849

COMMERCTIAT, IN CONFIIMNCE (LIMTYED DISTRIDUTION)
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ta DACEGROIND
i | Genera]

Fluig Dynamics nanefactyre And market & duvLCH, @allod tha
“ollaid-a=Trap (CATY . that 1= olaimeq te reduce BCaling frop

bar of » sepacig] allaoy Gontaining maindy COppar andg zing, b

In 1%B4 Harweil Carriod aut ay Analyale of oap Performance datg
collectead by riuig namios Rgents from g5 numhber af Europoan
Countrias, Althaugh thijs data was vory limlted jinm i1t hature,
Harwvell was akle, using g computer Pragram +ao Predict yater
chemistry Bquilibria, tg Suggest pome Paossihle Correlstions
betyaan reported Performance andg watey chemistyy,

Fluid Dyhamics Bas malntaineg its contaet With Homieslq thraugh
mombership of the Fauling Forg: and  in  Karch logy
M&asrs.H.J.ﬂpenEEr and E.0uttan Vigited Harwaell +g discuss

with three MALN aspectg . the corrosion Lehavicur of the gam
Alloy, FoEsikle adsorption of ions from water an rg it= surface,
and its effact Oh macleation pr CatiDy  Fram hard waters, Thisa
documant Feports the results of that Programme .

.2 Corramjaop L Drocessag

Cxidation of most metals [ the anodjc Process) 4p Vater must hae
ACCompanied by oa Cathod o Process in which reduotion tukes BFlace
to balance the oiidatien or the meta]. The moet oommon cathodieo
Process iz the Feduction of Atmospher i FXYIen dissnlveg in the
water to hydrexide lans, thaugh in Aacidic ENViTonmoht s hydrogen
lang may alzo Qe reduvced to Uive gazsaoys hydrogen, Inder norqa)
Sooling watep ¢enditions tha main Cathods o Drocess = reduction
oF oxygen. The hydroxide ions thne Braodooed incropze tha PH, and
alse rege with bicarkonate ions and carbonic acid Prosent in the
water, either Baturally or frap dizaslution or dtmospheric o
incrgasing the Cencentration of Carbonate ippe and thups tﬁe

than in the bulk. The PoEsibility therstors existes that COrrosion
Brocessas in the CAT might influence the chemiess | Builibria in
the watay PRBSIng Lhrough it, and thus 2Cale formatiop,
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In samples of waters IT, III, and 1% that had bean e¥posed Lo CaT
powder difficulty was axperichoed in obtaining an and-point in
the titratisn of {CaiMg). The preblen WRS ot enceuntercd ir the
watar had not heen Bxpoaed to the cap powder. 1t wasz found that
satlafactorsy end-polnts could ke achienved by heating Tl salutian
Ea boiling. Additicnal tests in which either a fay mg af zinc
thloride or zine dust were added to a sagple of water IV produced
the same reszults as if tha water had been sxposed tg CAT powder,
and turned the wolonr of the soluticn from Wine-rod +to
Purple,

It iz =een that there are few, if any, significant differences
batween the concentrations oF the iche in solutiane that had been
in contact with the CAT alloy PCwder, and those that had net, The
total carbaonate Plus bicarbonate “oncentrations are more or less
constant, though the ratio changes as a result of <@hanges in LQE

(ot net Hg++] in water I, and Mg+ {but not ﬂa"+J in wators 1T
and TII. If the first af theas iz significant, it ji= vlearly wery
dependent upan RH, =ince a docrease by ene pH unit fram 8.5 to
7.5 romoves the effect. The othor tys Would  appear tao aUggest
that deoubling the magresivm cancentration increasen the anocgnt
Adsorbed by a factor of nearly three, which iaz unedpectad., The
failure of water IV to shaw a sinilar cffent to water TIT mpzt
Call thiz result inta guestion, The Inecrtainty could be rosalved
by using g higher ratis o alloy =urface to amount of =at
diszolved,

It wa=s noticed in some preliminary measurements that alfter & days
Precipitaticn had Loturred spontancously ip waterz 1 and TI in
contact with the car powder in a closad ¥ersael, and was alsn
beginning in watare II1 and IV unfer the gam= conditions, Aftar
<1 days precipitation was also noticed in waters I and 1I +that
had net been in contact wWith the cap podder, and a day later a
Precipitate wa= noted in water TII, though not in watar IV,

Measuremeants of the BH of all four waters in closed flasks, with
and without oap powder, were made OvVer a period of 732 haurs, anag
are presented in Figure 3. This ehows that the Freschice af the
CAT powder led +to increases in FH that were pozt marked for
waters T1, III, andg 1v,

3.4 Enlk Precipitation studies with netal spinners

The pH wvalues at which bulk precipitation wae Obsorved in the
three waters I/T), TII, and v at 207 with spinneps of copper,
Zine, and the CAT alloy are listed in Table =, Simillar rosolts
wera obtained in the twa cells. Lulk precipitatisn was eheservad
within pericds ranging frem 17-5g mioutes From the start of
Aparging the water at PH 5.5 with argon, The Periods in general
Appeared o bo shortest far COpper and longest far the pam allay,
but it is dgubtful 4{f the differohces ara significan®.

Micregraphs of the deposite from the waters I/IT, TIT, and Ty GE !
bErezented in FPiguras 4, 5, and & respectively. Theso zshow that
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Tabla 3

Bulk Precipitation ipn The prosence of =pinners

Water Spinner Motal H

I/I1 Copper E.2
CAT alley Fiai
finc B.l

ITI Copper B.45
CAT allpey T.BF
&ing 8.25

Iy Copper B, 25
CAT alloy 7.8
Zinc 2.1

Lhe individpai cryetallites wers basically Needle-shaped in a1y
throa waters, though with zope differences in Dorphalogy, The
shape of thae Fryetals suggests that they yere Prohably aragonita,
rathar +than calaoite (Cubia) ar yaterite ffan-shaped]. Depo=its
formed in the Presence of the =zine fPinners contained SE0lle much
finer matarial that had a mueon higher zinc content, gng W
Probably a corrosien Froduct of the zipa, With tha exception ofF
this material, thae Cr¥etals formed in cells with the sing GiE AT
alloy spinners weps larger than Chose formed with the wopper
spinners, Thig would he conaistent yity the formatign of &
Sraller numbeor of haclel at a lowor suPersaturatinn, followed by

3.3 BEucleatisn op 8 heated surface

The pH values af whidh nucleation WAS observed yera §.3, 8.3, ang
B.45 For waters IATT, 11T, and IV Fespectively, and Were the sapa
whether or pat the CAT Seviee W8 Iin the Circuit, The
morphelogios of tha deposits Formad are shown in Figs,7 and &,
and  Zhow much larger sheavas af crystals Chan in the bulk
depo=ites {Figs.4-6 ang 2} . The deposit  farmed from water TALT
without the cap device in eircyit (Fig.7a) also shows some cuhie
Crystals, and X-ray¥ diffractian Qxamination of this rcoupen
conlirmed that the deposit wan mainly calcite With a 1ittle
aragoenite, whereas Lthat formed with the deviece ip clrouit wace
Mainly aragonite With a 1itt]e Calcite, and the Bulk Procipitate
formed on I'urthor ihcreasfng the pH was almost entirely aradgonita

4. DISCUSsToN

e Banera]

Tha nonker oy variableg +that could he investigateas within thae
=Cope of the Brogramme was limited, ang did net cevgy the full

Fange of towparatyras under which the CAT deviece TAY B2 used., z
himber of the tosts were undertaken ynder AcCelorated tonditionas



{2.g. at higher temperatures}, and resylts fropm these tagtg must
be considered aa indicative of de2neral behavigup rather than
Substantive,

i.2 Corrosign testa

The corrosion Lests =how that A TUrroht pasees when the caT 2alloy
is coupled to Copper. This does nob by itself BIeva that the
alloy corrodes, =ipce the cathedic reaction Could be sclely the
Yeductian gy REYgen to hydrowida, This wiew ig =upported hy
similar changes in tho magnitude zna gign of the potential of tha
CAT alloy when the water is =parged with either ArJan or carbap
dioxide, Tha Changes arae consistent with tha CAT alloy acting
mainly as an inept Grygcn alectroda, gng with a lowering in ths
voncentration of QXygon 1n the water. Porhaps the most Convinoing
evidenoe Iop COTrroSion comes from the Adaorption teste, where the
Same diffinultien ip analysing the watmrs fer calciun ang
nagnesium wore experienced when tha Water had bean ex¥passd to the
CAT alloy, zino dust, or 5 Zinpe Chloride. This 2Udgests wory
Strangly that zome #lhc, ar passibly anothar ceupenent, dissclverd
from the cap Allay.

The magnitude or +ue current flowing betwoen the cap allovy and
the copper showe that the amount or COITOEion of the caT alloy i
2kall enough (2 few micrometras Per year at mest) for no
significant Carrosicon to pe likely to he Sbserved in instaliag
uhits. The considerab] o drop in the Furrent obzerved, sven daring
the relatively short duration of Lhae tests, EUYgeste that thae
BUtiace of the allay rapidly Paszivates. The change ig sign of
the current in water IV, which would be axpootod to be the post
CArrasive bocauss of the higher thleride and Sulphate contents
canld POsSBlbly canae Sdme breakdown of the pasajve film wf
FETrasion product that Probably forms on the surfame of the Cafg
allay. 1t cannot ha ruled out that a similar reversaj ef aign
Might have baen chgerved with the cther waters iF tests hag Eeen
carried out fap lohy enough. Thess JEarvatiange auggest that it
would be warthyhile to examing the surface of unitz that havre
been in service for some time, to look for evidence of Corrosion
“r deposition on thepm,

4.3 Adsgrption measurenonts

It would not appear from the adserption teats that the parp allay
adsorhs significant amcunts of the iops in Lhe waters. The waight
of powder added to 2ach rlagzk, Aassuning it to consist of egqual
Ferfect] BERaoth spheres, would have had a SUrlace asros pf
C.0.1 mm®. The true surfuco Ared was not determined, but was
Probably at least an order of magnitude larger, a factor that
would have been fnrthor }ncreasad by any Corrosion. Azsuming a
Surface site aras 1g- m~ {one =guare angstrom] and a monalayor
Coverage, this would Correspond ta a drop in Loncentration in tha
water of (0.3 millimeleeflitre, which should have haen detonted
for any of the jaqna Present except, possikly, bisarbanate,



4.4 Noucleatlon studies

The observation of bulk pracipitation at lawer Pl values with the
CAT metal =spimmer than with ziqe Qr copper, and the larger
crystal sizZes than with copper, hoth indicate that nucleal lon
Lakes place at laower superaaturationg in the Rrasence of the oamT
alloy. The fact that the zine spinner gave larger crystals, while
not producing bulk Frecipitation at a lower PH than copper, is
net understood., It is clear from the bualk precipitates that the
zine spinner had suffered significant corrosion in wateps ITI and
IV. It suggests that bulk Pracipitation is not puraly concerned
with any zelective corrosion of this element in The CAT alloy.

In this comneotion it ay be significant that a Sample of the Cap
#alloy, polished for metallographical gxanination of the grain
Sizo ta determine its relation Lo the particle zize &f tha powder
supplied, showed that it apparently consisted of tuo phazes, one
of which appeared to hawve sclidified hefore +he other during
casting. Dilferences In the Compasition of these phases cayld
lead initially ta =elective corrosion of pna aof them, implying
that the CAT metal contains its own anodeos and cathodes, and dogs
not need to be connected to Another conductor for correcaiocn to
take place. This wauld explalo the incresase in PH aobeerved in all
the waters containing caT alley powder, presunably dus te axygen
Feducotion,

The obeervation that calcite was the main component of the
deposit from water IAIT on the hentod surface in the abzence of
the CAT device, ana nmainly aragenite in its brescnce, or in the
bulk precipitate, is unexplained. At the =urface temporatnres
~ohncerned aragenite is the most likoly specics ta ke Tormod, with
caleite being more likely at lowar tomperatures. It would he
worth examining the depazite formed from the other waters, and
gome formed at lower Lemperatures, te estabh] izh whather this iz g
general result. Contrelled teste under conditions that weoyld
normally lead to calecite Tormattion, in which swall cancentrations
of the individual carpanent ionz in the Cart alloy were added to
the water, wmuld help te establish if they playved a role 1n
determining the Crystal ptructure of the deposzit,
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3. CONCLUOSTIONS

(1} In all of the waters testeod o small cmrrent tlows beotween a
bar of the cap Alloy conbected o a coppor tube, bot this
rapidly decays and in water IV revorsed (e Sign within za4
hours, The magnituda of the current wogld Carrespond to i
Uniforn corrosion rate nat exceading a few miorometros per
Year.

{2) The potential of the CaAm allay in the waters tested wvariod
With thair compositian, but fppeared mainly to depend on the
concentration of dissolved DEygen.

(4] Spimners of opp allay led to oalk Pracipitation at lower pPH
values 1in all the wateprs tested than those or Cappar or
zine. This, and the larger aryetals obeerved, suggeat that
the CAT Alloy or itz SQrrofion products bProrcote nucleation
in bulk solutien,

0. RECOMMENDATIONS FOR FURTHEER INVESTIGAT Tons

(2} The corroszion bahaviour af the individuai Phaser Iin the car
alloy should be investigoted te ostablish thair possible
Tole in the devicer= action, pessibly wsing the Harwell
lager electrochemical microscope.

(3} The affects of flow, and thus Of mass tranatfer coelficient |
Pl corrosion of the aoarp alley should be investigatcu,
Possibly u=sing a rotating disc, which produces well-defined
flow conditions.,

(4} Furthep Er¥staliographiao ftudies should be undertaken on
deposits formad with and withagt car devices in circuits at
different temperatures, to chtain a hatter databage rqo
demenstrate the Ppossible action of the device in promating
the formation of arageonite rather than caleite,

(3] Hueleatian tests Should be undertaken te @#=2tablish the
pessible roles af paf alloy corrosicn products in Promoting
the formation of Aragonite (or oven vaterito) under
eohditions where caleite i= harmally found.
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® WITHOUT LAT POWDER

X with caT POWRER
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XeAAY CIFFIACTION PATTERNS OF DEFDSITS FOSNMED CROGM WATSA 14
ol SUHFACE DEPDSIT FORMED IM IHE AIBSLENCE OF THE CAT DEVICE

bl SURFASS DEFOSH FORMZD IN THE PRESENGE OF THE GAT JEYIGE,
c] BULK PFT. FORMED IN THE PIESENGE OF THE 2aAT BEVIGE.
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