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RECENT ADVANCES IN CATHORIC PROTECTION OF SHIPS

23

By N.S. DEMPSTER B.Ss.

‘i.je@w?pgugw Qngngn'xalaOag

This peper deals primarily with the cathodic
protection systems currently in use on ships of the Royal
Austzalian Mavy Flret. Jany of these systems are based on
rscently developed materials on which performance data have
aow been accumulated but which have not yet found widespread
fntroduction te the Merchant Navy in Ausiralia.

The authox’s experisnce in thig field aroge from a

projset with Depaxtment of Navy ergineers and golentilic
£ Defa ' ries, Departmsat of Supply,
the parpose of assesging the applisability of cathedic
-geticn o the Nawy in general and wiith Ths gpecific aim
developing sffective gystams for shipbirard applisaticn.

The more rsecont and majer inits of the Flset ars now
squipped with impresssd curren® sysitsms and while gome further
develcpment is proceeding on dielectric sghields and underwater
paint aystems, The pressnt systems are providing affective
protaction. Tt is envisaged that there will be a continuing
requirsment for rvefinement of these systems imeluding the
introcuction of avtomatie contrel and the ¥e-siting of ancdes
10 previde impreved current distributien,

1t iy proposed firstly te discuss general conglder-
ations guch as principles, csrvent denglt T
contrel methods and available gystems and ascondly to
the cathedie protestlen systems currenitiy i

CENERAL CONSIDERATIONS

WHen a motal ia in centact with an electrolyts
ther: ars, for a vaviety of reasons, arsas formed om the
aets] surfaes which are at dilferent potential lewels. At
soue areas of high snergy (ecalled anodes) metal atems ean
T pave the erystal lattice and enter the electrelyte as
pegitively charged ions. Tu sc doimy, electroms are freed
at these metal sites. The anodic reactiom for irem iz thew
Fs 2 Fa++ . 20, While thig reaction is proceeding at the
snode sites, in other areas called cathodes, electrons are
heing consumed by a reaction such ag Oy + 2Hs0 + 45 + 40H’,
Mis i3 the predominant cathode reactilen at neutral or near
seutral pH conditions and involwes the reduction of dissolwed
ozygen to hydroxyl ier, Since electrons ars being produced
4t the anodes and congumed at the cathedss, a stveam of electrous
will flew through the metal from anodes to cathodes.

~ The anode and cathode rsactions are procesding
2t exactly the same ratse and the resulting corvosgion rate
san ba reduced by restricting either the anods reaction vate

an A=

ar the cathode resaction rate.




Chyom3ane q
he 'xI‘“de

RS et~ 7_\(7 .33“ is
f—hﬁ:ﬁ‘ 31L(J€je

.
oedd e
FEASLY S

L cathodas will
ne logal apmdws,

the :
viidery selely «
TEDIUOY

in ci_u)n
he proLeﬁ

Type and condlitian of i&e pa Lot 3y ';~L hs &iLJMJ y o
WL Mary of these factors aitesr il 2% ? %@msliy
reTui vsments by ] ¢ i en th '

dicated earlier,

Lol ent elecfzcug nr“
rthe leoecal cell
rogquirsd f
availabili

27, aat hwu¢v prefaction is

y 40H7 .

Since
rhe alec

.,J.‘

'42.-‘., B




@
>3

Por axample, the prolsciion of bare steel may require an
instial currant dengity of 20 ma/Fré et this can be reduced
To a small fraetionm of a millianpsre by a 6 mil, coarting of a
yi paint systen,
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Contrel of Cathodic Protection

.
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Zystems baged on

@le@Li@adeﬁﬂhL cal or mugma*lw amp ; .neiples are at
p?ese»z undee test oy overseas Navies, but are not yet in use
in the ?RAGM The moat premising of thage systems 13 one in
whdohb :the Imll petential ig md;@heu.againgt A miandard fixed
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Calthodic Protegticon Syatems

Thers are two general msthods of applyi ng cathedie
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{a) The Galvanic System in which metals less noble than the
structure to be protected are joined directly to the
giructure. Active metals such as magnesium and zing
provide a source of electrons by virtue ¢f the eaae
with which they corrode in elestrolytes such as sea-
water.

{b) The Impresged Current Systam in which electrons are
supplied by connecting the structure o be protected
t¢ the negative gide of a convenient low voltage D.C.
sourece while the positive side ig connected fo an ancde
of suitable type.

' GALVANIC SYSTEMS

\

1. Zine Anodss

{a) Development of Effective Anodes

It 4s somswhal surprising to vealise that alihough
the use of zinc anodes was originally suggested by Sixy
Humphrsy Davy in 1324 for the proteciion of coppsr sheathed
alls, there had been ne significant developmen’ in this field
vntil seme 10 o 15 years agos It had been cownoy marine
practice on steel hulled ships %o fit ccmmersial guality slab
zing ancodes in corroszicnsprone areas desplie thelr apparent
inability to protect the hull over extended pericds due to *ths
early formation of thick resistive films of corrosion produect
on the ancde surfacs,

The discovery in 1246 that the presence ¢f ilron
impurity caused anode stifling led t¢ the final development of
zins allcy anodses which would maintain a high eurrent cutputl
throwghout thely wseful life. Initial wexk at Naval Regeaxch
Laboratcry, Washington, and research sponscred by the Ameyican
Zine Institute showed comsiderable improvement in anode
performance by substantial redustion ¢f the iren content, and
in 1354 the U.S. Military Specification MiL-A-18C01 limited
the jron sentent fo 0.,0014%. —In 1955 Andergon and Toel t2)
confirmsd 15@ need to Limft iron content To O,0014% and showed
2hat the addition of 0,1% aluminism %o zine containing 0.033%
jron was effeetive in maintalining the samse current output as
$hesnalloyed zine centaining 0.0014% iroen.

Tn, United Kingdom in 1956 Crennell and Wheeler ()
ghowsd that the ill effeets of 0,02% irer cculd be largely
cvarcome by alloying with 0.5 te 1% aluminiﬂﬂv An important
further develogment by Reichard and Lemnex / in U,S.A. showed
That redueticn of the irorn limit to 0.0002% gave congiderably
higher current ouiput than ecculd be achieved at the 0,0014%
ievel and that alloy additions of 0.1% aluminium pltis 0.05%
padmivm gave even higher current cutput than the 0,0002% iron
Jimit or compozitions conitaining aluminiium additions alene.

Ir 1958 Crennell and Wheeler (5} reporied that the
performanee c¢f the zinc-aluminiumm alleoy could be greatly
improved by alleying with 0.5% aluminium plus 0.5% silicon and
more recent tests have shown advantages in the addition of
cacdmiam to this alloy.

A recent paper by Lennox (6) has given the following
range of compositions of the zinc-aluminivm-cadmivm alley which
have been found to give raliable perfoymance with maximum
current output:-

" Cadmiunm G.025 = 0.06%

Spscial high grade zine - balancse.
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LMPRESSED CURRENT SYSTEMS
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n iyen ia still used in rod form anodes for
f shivs during fitting out at one dockvaxd,

A lead alley containing 1% silver
TET the gstandard ancde foy hull mounted i
tama on the more vecent ships of the flest. Th@ 3€ anodo@
) the form of a flattened dome 107 base diameter. While

aurrant densities of

are ?efL to a form of passivity at

S5 20 mmp/f operational sgxperisnwvs with this type of anods
a Qer¢ud @f 4 years hasz been sntirely satisfacstory.  The
nrticn rate in cperatvional gervies is only of the order of

1b. /anpers yearn

ﬁiV@'?Oﬁ with iner ere of curyent
tad at DuS.L. It has beem

at high congumption rates are

3 of gea=watex such ag may be
ﬁd in e: ;arjre waters and 1* ig kuown that they
ﬁL ~x"¢me': high consunption rate if usged ag ground

.
bad anodsa on the zea F‘ﬂaig

Platirua Ancdag: The United Statss Nawvy has used platinum
Fad anodag Yoy hul. pzo*ecti@nu The anodss have been

d fyom copper wire clad with an alley e¢f

~m, TOL : More regently an 80:20 and
¢ 50 pdau, Laddum foll has been mounted on a

forced poiyestaer backing of disc shape. While %the
03 @x 1n de have given gatisfactory gervice, the
13 high.

ﬁha UniiediKinngmf Impexrial Chemical Indusmirie
ted a p?aLirnmwele ‘iupla”ed titanium ancde
many @ *anvages 3empa%ed with clad anodes and

: F¢y zhesper. With pia inmm clad silver or copper
defect in the cladding will result in rapid

Lo On “he cther hand, bare titanivm
te under anodic treatment by the

ides, Porosity of the plating ig there-
and damags to the ceating will not resuit
of the basis metal,

“he bass me
Wely pﬂgg;

Whe p1a$ipﬁgad titaniwm anode ham cartain advantages

3 x itz small gize minimisss undsx-

pai annum ig low. Two anodes of this

al on an R.AN: destroyer. The

Jneén in Fig. 4: dimengions of the disc

1% inch thieck.  The sntire anode

red from titanivam and the working

4 with 0.000L inch platinum. Within The.
fengity 5-50 amp/* 2 {he detevmired

loss of platinwm in seaswaltsy amcunts o0 5 %

which would give this anode a theoretical lifs

Theae arcdsg have been on tyrial fer only one

one ig showing no defectg, the other has lost a

5 platinum from neax *he centre of the ancde.

- be geen irn Fig., 5 as the gmall dark areas;

- teshaped areas wsre pleeent 1n3%ﬁaliy

) ed dlﬁh +the original welding of the stud.

3 baen ope?a%img at an average current density c¢f
he maximum and mzrimum current dengities hawe

t2 and § amp/fl“
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form has pIOV@d.ﬂOSL suacessinl G
wi r¢pg and has permitiad dgmpio adeowa”‘ sealirdgo. A furthe
advantage of this form of anode the i¢m"’ed area of dielectri
chield required comparsd with the long ancde faveured by scme

L4

overseas avthoritles.

Tralling Artdee

The U.3.N. hasm che¢ope0 an xmpV¢3304 current system
baged cn a piakmuvm rod anode towed behind the ship €7>

Prem'ded “hat the d¢u;“ﬂra betwzen ancde and quﬁ exheeds abcut
20 feet, a sultable ant formity of huel po ~ertial Ls achieved.
Some difficulitles ware experienced 35 OCQAQH ng a sgultably rebust
ancde and eablie bul a recent Dutch dex gn has cvercome +hesge

a zooc. whish is

preblems by zrcl}jrg aluminlom wire m
b@nneezed o +the DaCa u@pbljn The f?awl¢ﬂa aneds sygiem
QFerCemes Wha necensity for dieled! ' shjel”“ which can be a
troublesome and meoderately expeanat of hﬁll mountad
imp;edued.curian- Y TSNS, A dLJ@O%c .g;g vymtom Ls

“hat unifcorm 0(0: ation cannot bz QLdgLavafy
conditions but 1% is ﬂefer{h@qud RSN .le mathod Foy
pro%egLJoP ef linerz and zome cargo shaps WAk cperate on &

fagt: Turm around.

Current Digtribuilon

The matigfactory pxo ~octlion of an underwar
Vequix e3 a mnifczm potential to be achi ered crer the whole of
+he underwater surfaces Thigs ia anenqent e the uniformlTy
of current distribution. While Lh*ﬁ aim may be approached
with a remotle ancde system as used on regerve unip or ghips
fitting owk, it ils moxe U Eflcalt wher’ the ancdes have to be
fitted +¢ the hull as cun an aciive ship.

_ With galwvanic zinc ancdes 3y atoms @ sarge number of
ancdes can be disztributed around The hnil and a reagonabl.e
wnd formity of carrent can be achieved. hg - the higher speed
frlgates and dL°t?o;@rs however, the effect of +heme ancdes oOn
resigtance to movement and the deveiopmen? of underwater ncigs

becomes imporiaAnis

wrrent
pPOWexr

The number of ancdes vsed in an 'mpfcssed
= 3
; L5 meYe

am st be reﬁﬂr‘ﬁzed becatse of “he wwmplexiiy ¢
ribution within the ship. On the o+h er hana, 1%
¢iaa1 to achiare unilcrmlgy &7 p@t ntial with a 1i
mber ¢ £ ancdeso. The Daring class ert?cjerg are T Pt
th ancdes and Zhe ,yye 12 ffigates with foure To 3na
he Syread of current from the ancde, and %o oTeércoms it raL
damags tc the paint film, it lg necessary tc use & dﬁeleCTric
shield arcund th“ ancdes. Thege shields are thick coatings
heavry duty oxganic. materialss Flg. 6 shows a typical
insfallation.
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The size of hijd depends cn the anode current
outpnt and the i’pe oF palnL ays%wmn Vinyl pa s are capablu
of withstanding a huil pot +artial of «1000 uV. for a period.c
12 menths, & “hat ghield dimengiong can be aetaﬁm:nod e glre
a pcuentjai at the edge of the un“ejd ne more negative +han
1000 mV, for the deslred current catputia

WheeWe%(g) has prepared a ma‘hcmaslgai +xeatment
which permiis caloulation of +he dielectric shield dimensions
for certain 3hape anodess For the deme Lorm anode & dielectric
shield radius of 5 £, will limdt the potettlai at the edge of
+he shield to 1000 m”n when “he anode current is apprsximately
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g anp, > therefure be possible to operate the
caviedrn o pr cL"vL = t@m on Daring claaz de &tfcyeru at up *o
- derericra ”OL around the dielectrie

¥

78 anperes. withcu'
< ._,’q d_,_-:. a

"a‘w941 abuve that regaired if the
iy xeasonable condi tion, For an oil
eld sizes would peei o be extremely.
niial at_ths edge of “ha ghieid to the

NG %50 mM Huli mounted amp‘re.zued
rcable on wa1ps codtad with ell-
‘¢3¢111J wire ;mbzmsaed LJ:TSﬂ:

quﬁmﬁm
syx ema are

Tosyghems
ﬁld be suliial

::'_1)7 sSram

s

of a lengltudinal underwat
on 2 Darang class ﬂ,wthf,)
Txaverse L shews The pﬂreﬁ:ial
amp. solely on Ne, 1 avode and
a soryent of 3 AWip. oo No. 2

sewg line) shows the poltential

& ware both obgia*‘ng wilh

AWM S 5 {Arncde Ne, 3 was nol
The dielectric shie.ds 3T€7
radivg and the obe
oFf the crder o
note “ha ith
tential is uniforn

7 zhcows the reaﬂ
L survey underial

@34’;}1{1. a %;:; '
L an Lnter-ancde
within 20mV,

is a reagonably gu@d pm*qn:xaT
impreased current system.

A wids range of crganric materials has been testeod
lity as dielectric shields, but the choles of - .
able m“ballavg is still small, Since the ancds
n 19 “inscluble” ancdes invelves the ddscharge of
and QiAOlee the shield materials musi be $‘s13tant s
2 A% qw be acderate conuentraitions :

By defectn which occur dn serviee will be subject
fofapﬁ dengity wlth consequent developmert of highly
saed 1s at the metal interface.  The shield o
alo*e be alkali wresistant, pariticularxly at the
Other necegsamy Charac#eri"ii@sla"d'

ra *eo good adheslcrn to gteel, resigtancs

: *4 Flexing, ﬂmmpa”abllh,x wi?h anti=feviing
.»e»@f apg¢gﬁam¢un o a

ma’nxiaW ugsed by U.3.N 3 necprens sheet,
ﬁHe hull by adhesives, RoA.N. has adepied
the use of plagtic resins for dielevirls:

yl @A&hwzgh some adhesion prcblams ha?e be T sxperienced,
als of ep@rlgjbxs glags and ap@xj»pm egler=Ffibre

™~

bhaan sunes szml for pericds in excess @“ 3 vears.

n e evidence of vﬁamical deterioration of these
the adhesion is iikoty te be greatly
diuotien of sreeW gxit blas Ljrg in place
y Wall preparation. The aim is %o
@L at lsast § 3 yearss At present theass
‘a lay-up technigque to a thickress of &

T Db, radiwud avousd the ancde. Hot
are ar present under b@naAdefafi@f. as
a substantial reduction in applicatier

UNDERWATER PAINTS

ion aust be Iegaxddd ag a method of

i dad by palnas and an ingugance
ch ecan oosur the event of painpt
Lderations inpos e damandg guch ag the
hmlﬁ:nm&n@ﬂﬂmdm@nﬂmmﬁ




and The extenaion of the inu d ““
The design of the ea hodie prot musa therefore
be inte ioh o the vary i rwRLeY Da‘unﬂ and
he nsau$’ 1 weed for dields ohric mhredwuo fmptwvcmemﬁs
iy waint perw ,:u“fmanw* will limpt A uwrrent regui v'crxeslwp with
in size of drodes ana & electric shi o“dum
ard shields in an installation may als

r paat years the R.AN. uged cil medified alkyd

g with a mereurial anti-fouling coating. The antls=
o this system in Aupiralian and Far-Eaglern
re 'ﬁcian:B goed o permit an extehsicn of

g beyond 6 men” E@ﬁ&ﬁst of the better
Rige perf””m1°@e of % sprons oxide plomentad vinyl

; ) aham Was Lﬂi"ﬁ(iﬁegw Hfgm
thig permiltted an exiensiorn of

chl entmrely i vvi pa

‘but the rigk of corxzosien with
LY L e Cahﬂhdiw protection wasg
ndt ja] for this reason.

The winyl pad v 33 o hrosh and
rellax, whish p“cou ced Lerads Filma per cpat and
made 17 lﬁLii(unA tO duh che desiyed alnioum xo-ad Tilm
thickness of 10 mil. a8 Am O Ay of the
crder of 67 amup and in I © less,

Cand paint De:rc:mdﬁn, WS mgiow chon i raunak ba too

yFopalns quvlﬂ
¢O 30 gann ba

»
<1ey

ghrongly stresssed That the A
be appiiaq in the first dnsxamce a . T
reotified by subsegquent ZSvCOatifﬁa While thepe %1f‘1ﬁ~
with the vinyl vairts might have been overceme by The int
doction of hot or ahrless ?p“ajit-v R. AN, drtwe
alaminivm px mented bitumirous anii-ccrrosive (A Cﬂ) paint
dyﬁ*em whicn conlid be Lead;ly ballt %c Tthe regulglite Ik}m

Do
thiskness. For ships sguipped wx%h cetaodie pretaction &
vinyld ahtiﬁfQ“J ng (A.F.) systen is usedo fhe p rFoymance of

’ﬂ"@ bi
QA hrﬂ LU p
stond £icand

.C. paint appeacs 33l ?3:ac*©ry daﬁa and the
ion carrent raguirsmentd bfeu raduﬁed

he Nafy Depaximent i3 ?pCESQIJIg regearch by -
Commenweal. a Scisp ifie and Industrial Research ngaﬂi%dle%
and Defence Standards Laboravorie%a Depariment of uappu , on
the de?elopmem' ef impreved toxins and antiefouling palnis,
and alse on “the ﬁw?mlopme"t oFf wmpvowbq anti=corresivs paints,
in watch iniitlal bakkgr@¢wﬁ Ln»@vmattom iz belag cbitained on
the alectrical propesties and ionie dffuzics vhara terigtics

o

0% antiecorrosive paints.

SUMMARY AND FUTURE DEVELOPMENTS

Of the available galvanie ancds gysisus, there is
ii@tls dopbt +that ths zime alloy anodss are most suitabls for
il pretsetion of active gaipup and withiz this fype, the
R.A.N, iz uslng ene of the megt el Ffagtive uQmeSLihQﬁb Inown
Yo data, Furthermere 1% is highly improbable that further
impzo,mmauws wan be mads to the zinc alloy composition withou:
duparting frem the desirable solutien petential characteriglias
s tae based materials, Theve nave beer scme rseent

gevelopments in aluminium alloy anodes which will be of imterast
ag thess low p@v@?t 21 anodes will be competitive with zinc on
a priee basis i§ they havse gufficiently high currsnt efficiency.

A major 3 Fficulty which exists with all galvanie
gvgtems is that the ﬂummeT @% anodss raqvldad mest e es”xmaiei
“he time of docking frem €ae condition of the axd gting yaiut

wystsm aid ths proposed feagai“tlmg orx tonchaup smﬂadmleo

3~




R

RoBo W,
the in:

Srre

R T
SR

or

>

Y iy £
WS




s

N 3

a

S

@
b5 “

Fean C’l ) anse
ZCD?' & 3 @ .k. ] @l o

and R.B. Teel, Nawy
\"r«‘l‘“oc.;:ac Pfo‘u”*c,,:wzvg PPe 8=14,
4, Nawy Dapartmernt, waghingbenu

nd WoC.Ca Wheele
&, PP- 415w44&0 195»0

REFERENCES

3 LaSa. Birunbaunm,

Corromicn, Vel. 17,

=~ &)

= Indus
April

%

Nﬁ’:’« o :L v

atiry Zine Symprsium
1

v Bureau of

Jonrnal Of ﬁppﬁled

nJs bannox, Corrosion, Vel, 13, No. §,

Gu th«el"‘
571=375,

F.E. Cook, Mate

Pretectlon,

¢, Journal
1858, -
Vblu 1

rial

Correaien Techrology,

Lo
¥

Cook, Corxcsion,

3 B

0CAaNDCODB0DRACHNBONVBOBDO

<
&

VCr?, 9 3.30 NOD 2/}

<

Appliad

L

s FP»n u:@égo

by - B3] $ T8 .
o PP209-217,

=“i<nv PPal8=23,




ANQDE ;'

ALOMINIUM MAGNESIUM ZINC

‘33 09068 @:./26

vz Ag/EgCh, =1,00 =1.5 =1.08

» @e te Cathode at 0,20 0,70 O.28
{ JOl't.:,, C

)
R

!

d
s
O

RS

o

o

Sz

je:e]

[

]

@

ey

HRS T T

()
2y 8 R G

.

2 1. Comparative Properties of Galvanic fnodag.

e N Lk N

ANODE CONSUMPTION DENSLTY
Lo/ anp . veay) (Ibfine) REMARKS

0.4 SLbﬁ@f*
paau

g.08

.
0,77

0.13
APPION

o\
A
-
-
)
=
&)

of Imprapsed Current Arod=ga.




- 5T
el A Rene s
N bl 2o i@i@&;}‘ as
I EC gt :
S —— g gg / ) O .
! % <j 07
oy LY <
ST T A o9k | 2
,,f.«”“% '\5\ I
A H . éﬂk& '
j’sgffi...«._m.__%.‘gﬂ J £ e N
L i 212 | £y i,
& ! 2\\~u &%% &9 JLWITING CuRRENT
- i § U e g% i3 1 Far erusion QF
5 ; g ! J‘ i onveen.
i : £ ‘Sr gld A
" R LoG CURRENT  ——me—or
Jeugratic BEEPREZSENTATION aF GG, B CATMoDIE POARIBATION  QURVT
WD CATHODIC FRLARISATION for SIEEL  \NT3EA WATER,
FOR STEEL 1N GRAWATER .
A\
e, TRbvease 3.
e
oo T ah;r‘}%vﬁg?‘% ¥, ’“'»-w______::‘i:::':ﬁ"i‘“m
Lk nnTeasElh  PoTenTak. et XA
Ho do Jo B8 10 gt T 4n 40 o[ 49 To w Wi 0 Be 3 4o {40 Jo e 3%
& ¢ &
THETANCES  FAGY ANODES W FEET
fi, 7. lomgivouwial  POTCRTIAL DURVEY 0P RORTIoh BF  UNDERWATER
g 6F T Damms? GLASS DESTROVER.
S . . .
e ; P2 VHTROUT CATHODIC PROTECTION
¥, Swwn cATHOMT  PROTECTION.
.@é [ 1A .\,t . . ———
& ¥ UNDERGOING MODERNIZATION
7 ) Winiyg 430
& 7 AT TS OVER HAUL
% B - - o — -
e v;‘:: R 4 ; -
N Z R0 7
R - S 7, 7.
E I~ B L4
2 YR 7 I 1 U
LR Vel SR 72 NS v, W - T 7/ 1 ¢ T /.
0 /3 s g A.n
3 :
S SN N N
SAME OB o S ol o) "
Gde o, o 8 OB B OE % £
fnx'aww.gﬁ%@g‘;r:g. ;‘«»" & = | TR ;:) ‘B 3 g
5 08 = = 5 & 7
i, B, Comenristsl OF  MAINTERANCE Cosvsy PER OVERMHAGL
{ArreR FRamcrs swp Coor  Reference 9 )
. po

§
i




Fig. 2., Condition of various zinc alloy anodes

after extensive test period.

YLegend
E ——
Anode No.| Aluminium| Cadmium| Silicon Jron
node XNo. um1n1‘ ml admiumi Sllico Nominal | Actual -Free
1 0.3% 0. 05% - 30 p,p.m| 29 p.p.m -
2 0.3% - 0.1% | 30 p.p. m - 2,1 popo m
3 0.3% 0, 05% 0.1% } 60 p.p.m | - 1.6 p.p. m
4 - - - - 6 po po m » -
5 0.5% - - 30 p, p. m {29, 5p. p. m -




Fig, 4. Platinised titanium anode,




