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SUDJECT: Reprint on
Lead Anodes

To Members of the Lead Industries Association, Inc:

We have obtained coples of the attached reprint on lead allcy
anodes for cathodic protection, for distribution to menmters of “he
chenical construction and others concerned wvith protecting structures
against ccrrosica.

In addition, this reprint will be offered in the "Lead Library”
1listing in LEAD pagazine, vhich is sent to about 8,000 design
engireers ard almost 3,000 chexical engineers.

Me=bers may obtain 25 copies of this reprint free of charge,
ard larger quantities at our cost of 25 cents per copy.

Very truly yours,
——
/ .
G5l t-lnere’s
Robtert Travis
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SUMMARY

Containt data describing use of feod-silver anodes in cath-
odic protection systems operating in sea, fresh, and
brockish woters. Leod samples were operated in vorous
clectrolytes to determine deterioration rates. Yariables
iavestigated include current density, specific resistance of
the electrolytes, olloy composition, mechonical damage
To protective coatings, ond galvanic couples with other
materials. In low specific retistonce electrofytes, which
were simidor 10 1ca woter composition, favaroble anode
performance was noted. High resistance clectrolytes,
especiatly at 1000 ohm.cm, coused severe anode deteno-

rgtion

titonium mounting devices oppear suitable for
lead oiloy onodes.

Toad it ammedis aps externad

vt enatent ssaress toc catheub

e tien of shape b prea e G

e advantenes et hanw aneafe

prrotatine setomn Mendy, they anead

the grema b termsanon of atualis ne

fotrnt it asfm talioy oo Safia st
tems Replacenent ol vonedded nnales
weuaily involves dn des bt thie ship
Aant of the U8 Nuoe's wemaels
e ate g water, bt inany tioes
then ate doehe! i hoodwas o e
containtine betb frsh and b kih
water The intlurnces of e conadic
etan, thetefore, uree devokgarant of
et av ale treatetrabe i cdeien fen
cptiiin oreratihan inall sititions
e exmnpbe, @ Lip e e
wa water it beachisde o feesde water
creonaten chantn i st gt
atice of the elevtrolite, and aneedes in
ans ssafenn taast e sellioenth conee-
ey gesistant under all conditions
The inpetance of cathodically o
teatinag bigh speexd swebaee and sabe
neatitie vl has Jong been pecoge
nied by the Nt Kevent devebope
et e coteadlers  and repulated
prenet sappdies have ocassd peopu-
Litsty o amipressed cuirent svtets,

-
at 1k Aunsat
wew il fecrim
Aaneae Gy

Al inpresaed current svatetas can
preante Lagh capacity, ks ble, e
fean oot iy whae bocan te desiznet
tot stunernienn dtae and e e mer g
e, and foliter wocht flimever,
caltawne sstemns ove cortan advane
ox Vhesw qredude toyuaing e ex-

ternal pever Caances catnent contred
ll"\“l‘. o faaintenarue l’\l"l" “'
fo ricwhic ancdde teplacement

The exprtinents desotbed an thas
atile prminiy are concetmed with
the elvtiaciaoms sl beliavuy of dead
allen endes i vanons electiohtes,
Advantaees of dead allns cude:
ddac ity don quelting for ease i st
e, amd refativedy bagh el il vene
dudctivity Reantaiee 1o deteeusatida,
hemaver, laeeeh depended  on the
formation «f adberent, buown-black
protevtine coaties of lead  diesad-
W which eshibited gond ebee
tercal vondativity,

To Yead avid stewage huttenes, this
coating cetibnihates to longer hie In
Mininsng penitive eiid cormaion in
the sllune acd ek trolte. Lot alln
anodes abas e wand i chroinam
plating.

Spaviticatlvs the exprerithonts cone
asted o detenntning  detenonadion
toten of dead alln anodes invelvne
cuttent domsite, spesific st of

Golvanic couple tests indicated thot exposed

vie with

elctrodsiin alkes  comppueituds  itie-
chanual danage 1o protective coat.
s, ared culh st comptis wadds vdhier
tratriish

Tewt Apparatus and Procedure

Flauohtn test el were Hgalion,
vlass walled aquania srraneed i haee
teris of fiar Fach cel) cotitaiemsd W
Lter ot diluted svnthete wa salt el
trolyte with s et enteationm cingesgrond-
ing to it tesistames of 16§, M,
1oy, and W0 oo Pemngeras
taze was mantained at 43 G dichithy
alnae anbeat, fir ease of contiod,
Comramion tates are shighth soeker.
atedd withe this arvtrased tonpetature
bt ot tee thee peoing ol vty

The 16,3 chinin elestralyte pros
aubed A compo ition similac 1o that
found i Averag w2 watet contdine
ing 19 pants per th wand <hlorinity,

lead alkny amsle nad specimens
WL jach in diameter, four incles
baig  were mashed with 4 swadheti
e pressute sensitive tape aid e
Lets to evprne B9 wquare ineh ancas.
Sproimens were either extruded,
teddexd, or cast, €Cathades entinisted of
vkl steed stripn formed inte ninesinech
dianwetee Ainge. The  anades were
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figure 1~ Deternratunn retes of lead
alloy aneder lane percent wirer, s
peecent gatimoay) g1 9 Puaction of
enade Cyrrent  denuty metiured W
emperes pet square teel lemp/aq M)
Groph ot leit shows detrneretioa retes
1 gremy pot squire decameter per doy.
At gt the retes are recorded W
peeads por ompere yeor.

prnitioned toeentiatly within the
ringy

The amsdes wrere clectrnlvml at
cutrent  densites frown U e 28
Anpares et sgte tot amp s {1
Elvtrolvars were wntenipted prerwdd.
wally and the anodes nnusd, driad,
coolivd ain 4 dewnaater and weghed
Sures toand T deew the reualts
wrn o deterevaten pates

Rewshs and Anabyaie

1he rmudte of the tests are i ket
ater waetal wetine as follims

® Floctrenlaameal belavws ob ead
vttty o perent sihes and
G\ pEreent antaneony,

@ Ftfine ol daruace o PHO)
tiv e Coralinigs

Jrtee.

® Platipuin el tnade o had
arwade an high resistivity water.

® Galvanu couplm b PHOY. coated
wrfaces with other 1naterizis

alkn  aredde

& Varimss  other  fead

cottprmitione.

lead Alloy Anoda (one percemt
silver, six pervent antinnay }
Deterioration rates of lead-sibvers
antitony A ate presented in
Fable 1 and as & function of cuneent
density in Fizure 1. Ainades eapnemand
for 31 davs at 'y anmp v (v are
shown i Fiente 20 Ditfetences in
Yrbaviow in the Jow 161 and W)

ohtamy and the hich sprate vee”

wtatce electrolvtes were immediatehy
cvident. Anode weight changes in
the hm  Jedistance  wlution, wete
wnall while svere deterioration and
wesght Joss ceursed in the  hich
jevstance solutions,

In the 163 ohmi-cm clextiolyte,
contistently  favorable  pedermame
was chtained  at current  densities
between 4 and 25 amip s ft. Rapid

el
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rates

avalic  polatization o e

foaming range, adherent thn
blims, and hm  deternsoratnen
were tvpieal in thiv elrctendae
- Aveeptable perfarmance was
schiesed e the 0 Wi ekt
ir, whnh ccastasted g comjanitnn
apgreentnately that of vane highh
beackindi waters, betwern 1) amd 15
amp sq f Padanization ad PO
fertuatnnn were tapnd. ddeteeistaton
tates wete bae Hoswerer, P gout-
s were el as thin oo adbernt as
i Ahe th Uobinan wdatune, al sn
wane ateas thu ko geadules of 140
formed  and eriatn beloner was
tetend AL 2T ange g £ fes exanipde,
fean dete notation cecnniedd dunne the

sed tn

st werh of e qumgre. U0

wrere hpeakdonwn of e soatane sl

crackine and detereeatione ot the
atwade.
fo the U0 edineain ccttolte,

which had 2 sp itk gesotaroe winalar
te some fresh watets  aithewch fresh
waters vary widely in sctual compaos
sitions -, failure o form Y was
noted at stent all cutient dedsities
froen Py e 2% anip w1t Anedes
fontoed whae cootran irad chlonde
and were rapidhy diantegrated,

In the o adineaan elevtrohe,
togh  deterration st~ wete ge-
corded ot ke cuwrrent densties.
Alune tua amp s f detenoration
rates were chne (0 thone (diaineld in
the low 1eistinaty electrsdutes but e
av b PHOY (oatings femed buat
weee bulhy, pranly  adherent, il
oftrn mived with farge ammounts of
white lead salts,

Detetioration rates of the anedhes
at 10 amp s {tin wdinm chfonide
wlution were shightly hugher than
m euinalent dilined sabetic sea
water, av shiown in Figure § indicat.
ing beneficial effect of atler dons,
wich un walfate, present o swuthetic
wa waler.
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Damnaged Coatings

Pranines el opeecaticn of kead
albn aneades e ship cathedse s
tee e apphications, the couting mas
surtain toechameal damaze sl s
b cediionnny ot detun, T
wa water equetation, the Bm fosane
prregrotes of the allon induwate vapnd
1ot stnd extended aade Tite o
ever an fresh waters whese the agwedes
faldl e polanze suitabdy te devebops
Md) canings, atunde behasin: 7o e
froedsn table

A sheeroantimsin cbead stk agudke
chvtielhvast m 1608 cdigom
sonthetie wea water Qo forn e protec-
tne B0 Continned
ey s i clevtinlage
bt 12 ebans at 10 aiup s 11 paeslieed
o A bie damace A Tboine b wnde
vtoone s nedaned in the contineg

with

W
Coatnyg il
aa whisneom

exprminge hare vatal and electeeti
way contuewed e the 20 chimaom
wbiae b wven dave A PiK),
wos re-fonrtedd althouch et
4 tichtiy adherent av the onemal.
and o ogelatnely lom rate of andde
e terua aion was recarded.

The vioove sas se-machined
17 2uiru i wide ta expene bare Jead
atud elettrelias was centinued. The
A)  coatite wheh ae-fontned was
kameh adberent, pully and botde,
and concred an undething laver of
white salts of Jad. Neere . amdde
detenoratien at the tate of 281
prostids gy atnpere vear was pevocded.
However, with the coating uncdaine
aved. snedes coukd safely be exgumnd
for o timwe i fiesh water,

conetiey

Matinum Wire Invert
Uwr of u platioten tdcterlecteode
o a dead nade inowa water o
motes fonmanen of protective PR,
cmting.” * ¢ T is panticularly  benee

fral at hich cunrent dewsity,
A test was conducted te deteamine
plasinund’s intluence in high resistivity
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sesde was electreds ed e
o 10 ehanean clectieivte
cane cathedioally predented e
viterpeg frsh swaters wodld pedably

cpmrate At b cgnont donsty
tosit of baely el
arad tined ananane veltaere 1te
arale Sonded o oo FBOY The bead
sithace was cesited sath whate bead

tolvte peanbanee

chiorade, wndd the dien wveredy
doterionated.

Mieade peentuads were beliow the
Yol dioside and dhkecine feannon
fances Qo Ha wa water e e
vienndy gepontedt appied petentiads
Poanede caneat densities weer
ottt cabsly bucher thoas i the alune
teat Hhus facaitatedd bead iionade gl
chdinine prosbucten,

Gabanic Couples

Pl cathaddic natare of prdtonine
Py Klias doriedd v bead tides
wod the poetentiaby that coabl fwah
froan e dvanie ceupbne with ath
vl ed e the fedhscrres et -
ton Fest apecnnen of dead alloy

Sove antineny were ateatiood o
shmeat 20 ot I aep s tem
chincan withetie aea water 1o lonm

4

o

P

o

tzht PIAY  ceatines Flus was fol-
cod By dternute preriodds of
Al the anede  ta Vaneus
eatertabsy aad avealizineg the couple
At 10 anp st bl in 1603 oo
cieoanthite sea waters Spedine
aere panedicallv o onsed dewds and
veeled Tlhe folloning tests were
e theme condadted:

Opon Crrenit Load Dioxtde,
Anodr 24

Perals of open civiit conditen
tesultind a0 no visble daniaee to the
1A coatine, and eelatively hade
Adaft dn vl tiede peaentiale Sinal!
werzht lews were geamded dn cen.
st to shieht weigl cains noted on
il ukades that were anodized
continnaily,

faad haude Coating and 1. ad,
node 244

Lo and P90 conpling conkd
et when P coatings were
ey hane sty dansard I abe cale
vane pe st cgqaal aeas of tead
atsh PHOL were esprrad onthie e
specnien Iy enname sone of the
sk tapes Dicchiaree of the M),
aned ovidation of the fead ocunal
av o antapated, with white dead
chlonide otming in bothe ateas. The

figure 1~ Lend oleay eadsder tone pov
cent piver, us percer st gatimony) gMer
clectrolyres $30 31 d2rt vt 015 emperes
per 1qeace foot (amp/eq 1) a 16 ) 38,
1030, sad 500D ohem (m gyathet tee
wat:r bew ctict-a'ytes. Assde brhaveer
for cothaduc protecton of iy hully
under «3toun eletrolptec Conditons ore
wven 18 Teble |

bk « lenide s the basw ametal was
it adbicrent and et wadhusd ol
durine nosg. Anediztng 100 teeen.
crate o P pesecdtedd it siginibie ant
woght bas itdiating fetal kas in
the encr-all prowess,

Load Dovvide € oatiny and Fitanium,
Ancds 23

Cuttent qecttving  preguertus o
titanom and antalum wetal mtio.
ducel the penalilitn of g the
Pretals a8 Cennouton o ey
devices wath lead anodes tor catbaadi
Pt b VPO coaten] dneade was
conphed 1o a punel of Glatmum, The
cmple way abernateh ancdiasd and
allossesh o walk ognenaciromt PHWO TR
Nll (,'J'\ul' i A'IIN dAlatu e
of the IMAY coating was noted and
aneedes werght knaowas aliebitly lesothan
m o epea-otout wnouplal pereale
The hich el tehite eastance of the
ammsdizal Gtamn diesde iline pre.
ventedd cutrent thm in the cabvani
wapetne i depolatizatien of the
P ceating.,

Coneprled

Liaud Divade Coating and Ntiol,
Anods 2

The posability of accidental
roancdhng of Tead anndes e ateel hulls
when g cathedic protection sstemn s
net energiad hd 1o the following in-
vestivation Dhting calvani wyuenoe
a PO coated aende was conpled
o a steel panel. The P, anface
was tedacd o white bead chlonide
atdd exprmesd grey base netal in wome
atean A hne i anede weicht was
wenrded, T anodizing syucic s, the
coating ecame prognssively thicker,
Coatings  enlubited  blistenne and
fongmadioad coacking amd contamed
ateas of white bead lide, s 4
tesult of the thicker ceating and poor
conduanity of  uncomented  lead
ehleride,  coating pesblance rowe
matkedly av dnedicated by a greatly

T Y
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ncteased vt pretontial, and e
atede e waes genddered anetfecune

Lead Tnoved Cuating and Stedl 111
Nelowtue faatafror, Lnode 247

fn salianic weouencs, an atasde
was coujed o single plate w o
A nlier tesistant to feverswe cuient
about 1.7« 100wl Vs sharpiy
benited  cureend flear betwern the
MO, coated anede, and the seel
panel amd rnected enduction of the
casting o small, soatterrd white spots
of lead chlotide A proviesine e of
weight was teconded, Bt po sndreawe
in ande jesistance was dinened,

Other Lead Allay Componitioas
Silier .

Deterksation rates of bead  alka
Aades containing 2, 0 amd 10 per-
cent silver at 1and 18 amp @ {tin
the lovs resistivity vl trohites praee
tenlardy 165 oimam, ¢encrally were
tow becanse adberent 1O, coatings
forened capricdls. Yo the 1000 ohsnan
Viectialuie at 10 amp s L fennatken
o PO wacskm, cratings were balls
and mived swith white bead chilenide
and deterionation tatey were hich
Thmever, deterionatinn rates seduced
as the PR, developed At cne anp
w1t the ancdes taled 10 preduce
P10, and detecineation was srere I
the X8 i chectiohite, 4 nose.
e of PHO. and white bead chloude
ferned annd deterion stion vates were
agh, althouzh not e hich as in the
1) ohim-cm wiutieon. Average amde
potentialy denend the fuiture o ali
anexbes 10 polatte effvctnely in the

st o curzent

Ite) whageom
dewsing Fable 1y

tnceadng the alver (ontent une-
priney the tendeney 1o form PIAY,
at 1 aenpr «f ftin the Ligh resmin
clectaliies Howemer, overiall pere
fonmance in thise electiohites was
convidered gamor, At Jos current
desisity e wnp wy {4 and in the
fow resistivity swlations, oo sarked
clunge in performance sesulted (v
increawed vhver content bavond the
one to two prercent tanee. Figue 4
diowns peaulte of the vanous tests
Fizure 5 shoves prenter s of detetiora
tion in several invances

Moriwry, Tin

Drterioration  rates of keadwilver
allons containing un o mercuty abo
are ndduded in Ltide 2. Petflonmance
of these anodes in 163 olunecm clece
tnlyte was favacable, but no cwra
advantage was angibutable w the ad-
ditions Savere detetioration idnened
in thie hich resetivitny chctioles,
pactictlaly ot 1000 chunecn was abe
prenent with these albine

Coating Weizhis

In the Int and % olun-cm clece
13 W, soating weight i appreciable
o cenputiea with total weiglt
danze However, deteriogation cates
i tume wilutions are telitinely bw,
I the 100 and W00 chimaom chees
trodvten, conting weicht waallh sone
stitutes a sl patt of the merall
weight ke,

Oihes Anode Studien

(3hier stredies muade in Conneixm
with desehiping sutable ancedes (e
cathodi protection ilude deternnn-
ing the el trabrtin 4l bedianior of
wroapdate and slicon-itn® and the
siftucnces of el bdeim and cine-
tnenn adiditions 1o wihicensiton cooee
FLLOL T/ TR

Taleratons esperiments with plan-
oum nnctecks trder indicate the in-
fluctue of platinum o prdatization
and foruation of P, o dead amodes
in chlaride wlationu! ' In chkonde
emitontenly, pute lead anodes {ail
m mainin Gbacen,  adherent
PHO, s and satler waere deteneor.
aton’ Homeer, siherbead  alkw
atwsdes appar 10 oveneme  this
diliculty. Tead alkw ancdes contain-
e ote petcent ather and six petoont
were  repwated o ke
{avetable peifomuance in wa water,
diluted wea water, and aline mad.**
Ak, tevh on g Canadian distrenct in
Ny wan luve diowmn sucoesul
wivice of dead ancabes containing two
jretcent salher 't .

Hich pericentace of wlor i bead
allin amdes 1eadd in wca warer at
Hay e wp @0 at the featoa Naval
Shgnaed, shened benetciad offeon
attribietend tothe e dhoer content.*
Mo information vn wivice expens
dary with Jead alka anodes was
sottanattad o a nepeit e NACE
Fechiiae ad Cosnuttee 220,774

TABLE 1—Deterioration rates of lead alloy ancdes (one percent siiver. six
percent antimony) in synthetic sea water base electrolytes.

goin la ansde welght. Deterlarativa rutes ore based sn wolghhy
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Figure 4—Progeess v detecintuoa of L X
lead oller oredss ttwe percont wleer! 1 b ‘ }- c
ot cyerent dearitas of | oad 10 om " ot o OV ’
pores pat squere oot ‘amp/iq ) Levw ‘ l -
dertngratigs 1y wigoted @ the law o
renitence elecreaistes Progravmee de ! al ! 1
tersargtion resaited o (he B rrul. ot
ance electioivie Bt vat empirq Bt A2 -
10 emp/sq # 13 the Dgh rovrtasce
alectealpten, bgh 1aitml deterrarotron w »e
wditgted Mellowrd by lwemotes o L L
protective leed dwride Ko
.
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TABLE 2—Deterloration rates of various lead alloy anodes in sea water elec-

i trolytes,
a Negetive velums lndicate goin la enede wolght, Dotacierarion retes are boted oo
kS weights o sacdes with costings prosent. bomple Ne. 201 hed white snd bloch tosringe

Uneor rates snibude inirtel test porieds, Linear rates wf onsdos 3335-38 wore ned
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Figuce $—Progrenn ol detererution of
lead wiver amoden 1e 161, 30, 1000,
and 000 shm.cm electreirtes Toble 2
shevs text cosditioar and detenereton
retes (Sample sumbers corrrrpend te
avebert 1 tonie ] lacresred sdeer con-
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DISCUSSIONS

Question by M, I Peterws, UL S
Naval Revcanh Laboratory,
Washingtow 25, 1), C

1. Why was 35 C Jown as the
tnal temperature?

2 Have coatings peifonied in swa
water subwquently been imted in
hivh 1esistivity water?

Reply by S, Tudor and A. Ticker:

1L the wperature of 35 G was
und in ot of the Laboratory tests
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) enmmiat it Cotnmion
tatin ate alichile areeloanad In e
st v i tomperataee. bt
heee ctfocts ate cotnitdost oo e
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2 New reply o guestion In Mo G
1. D
Quentions by Cadon 1. Darestias,
1. () Box GAMT, Tloustens & Tenan

Was amy infosation ohtained 1n
the sutixas on the perfiname o
the feadaiver antutiy allen aicales
where a PBO ceatng was preifonmed
0 wra water and thet transfened 1o
10 ol ot but with heeh
Jensits paintained on the amade In
e svased deadng woltage pather tun

alleraiing water geistivaty control e
penftaut densin 2 1ot what would

Y the wepmpon of dhe anthors ay 1o

atae of  an

the  produable perh

aneate s foranad and opaegated

Reply by S Tudor and 10 Gicker:
A PO veatiieg was peesforteed on
4 leadiihvetantinneny alln ke i
o bcdimecin sinthetic sea water at
owrepr g 1, and ahe anoede was
then vpreeated i 100 obir—c i -
ntd svnthetic wa water gt {68
aip st for 119 dlaiyes Novvisble
unge i the appearame of 1he

weaating was nated A sall wain

2ht was teasire:l Tno ol tets

of amwbin wnh 0, caatines e
foenmt @ wnthet wa water Lnd
optated i A0 ot diduatedd
Mttt wa water 4t ko carient
demnity, ande deterioration was

twited A2 the hicher cunent denan,

ateste jelavatmon and naitename
o O sartaces ate entamoed )

Question by Eenest Fo Nebwos,
Sacoeta Mobil O Co, Pauhbora,
New Jerey

W the dlectinlite dlangd often
enoaesh s the e ton prroducts did
ot wreath change the prope e of
the wilitun?

Reply by N Tudor and A Ticher:
tleciolves were jemened re.
quentiy, depeding o e amadi
current detsiny . For esanpde. at 23
atip g {6 she chtuohie was e
newslapptointtely eveny o dane
Pencalic obneinations and detertina-
tions of Pl snd gEvile pevistae
were e b 1w ot thar
» st vodurem svstem o s tpe,
e bt chanes in the chettalite 2
i W bedeved, fomever, that
Py clatohites wete gonerallh e
newed belon vreat chanss s prop-
cttes oo e solutiaan senaend

SIONEY TUDOR n rescarch chement
with the Y 5 Navel Appled Scmence
Veteraterr, Bischiza, N ¥ He b
doae catrmwe revcarch m cotheda
protectoa, clectralyen devviting, peler.
ogrophy. ead cicctrochemicat setece
tcactuas Prereatly, he n cspaged -
recarch ead development 1o alectre
hemanl  cacrgy  coareruos  devn,
sacluding tuel celly ond Battersen A
member of NACE ALS, sad 13 New
York Arsdemy of Scicaces, be hes @
BA trom Brocitya Callege, @¢ M3 lrom
New York Uaceeraty, 4 postqreduete
work of Palytechaic lectaote of
Srowdbra

ARTHUT  TICKER, rvconch  cherwnt
wth the U § MNevel Applad S oo
Lebsratory. Brochiya, N Y, ey o W3
trom Leng lalesd
done gradeate neik ot New Yed Um
veruty ¢ Palprechan  (asivic ot
Seooslys Me bas dcne rereencd =
oi%dn  pintsttea,  electrochemcel
serlace phenomenca, clectraninting. end
metel chemintry Preneutly, b o sludy-
g cectrechemas’ €rergy Conecruce
srstems wheb saglvden tuel coths and
butteres. sad nensgoctvt meral colloid
sntcmy He n @ member ot NACE gad
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