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ELECTROCHEMICAL MEASURING METHODS - A SURVEY
OF LINEAR POLARISATION MEASUREMENTS -~ THEORY
AND INSTRUMENTATIONS

Ivan Falk, Tormod Kelén

SUMMARY

Theoretical and practical conditions of
measuring corrosion rates by using polarisa-
tion resistance technique are schematically
described in this report. Today there is a
rather wide range of assortment for measuring
equipments from simple mobile instruments to
automatically models with larm and regulating
functions.

Measurements at high pressure and temperatures
can also be made by using electrode systems
constructed for these conditions.

The measuring method is most suitable for
actively corroding materials such as mild
steel. The usefulness for passivateable
materials such as 18Cr8Ni stainless steel has
to be checked in every application due to the
risk for interfering processes during the
measurements.

Today linear polarisation measurements are
well tested and examined in laboratory work
to measure corrosion rates in many combina-
tions of materials - environments. This
litterature survey and instrument inventory
show that the technique offers good possi-
bilities to obtain an improved control and
monotoring of the corrosion levels in water
systems.
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HUVUDINNEHALL

I rapporten ges en schematisk beskrivning av
teoretiska och praktiska f&rutsdttningar for
bestdmning av korrosionshastigheter genom
médtningar av polarisationsresistans. Det

finns idag ett forhdllandevis brett sortiment
av mdtutrustningar fran enkla mobila instru-
ment till automatiserade modeller med larm
och styrfunktioner. Mdtningar kan &dven
utfdras med elektrodsystem som &r konstruerade
fér h&ga tryck och temperaturer.

Metodiken &dr bdst ldmpad fo6r aktivt korroder-
ande material som kolstal. F8r passiverbara
material som till exempel 18Cr8Ni-stdl maste
tilldmpbarheten undersékas fran fall till
fall p& grund av risken fOr stérande proces-
ser vid matningarna.

Linjdra polarisationsmdtningar dr idag vil
utprovade och undersdkta i1 laboratorieskala
f0r mdtningar av korrosionshastigheter i ett
stort antal material/miljdsystem. Genomfdrd
litteraturstudie och instrumentinventering
visar att metodiken erbjuder goda mdjligheter
till férbdttrad kontroll och dvervakning av
korrosionsnivan 1 vattensystem vid vdrmeverk
och kraftverk.
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1 BAKGRUND

En primdr uppgift £0r vattenkemisten vid vdrme-
verk och kraftverk &dr att begré&nsa korrosionen
hos kontruktionsmaterialen. Man Overvakar idag
systemens korrosionsnivad indirekt genom att
f8lja upp vattenkvaliteten. Detta gdrs genom
bestdmning av ldmpliga storheter som konduktivi-
tet, pH, syrehalt, metallhalter, klorid- och
fluoridhalt, permanganatfdrbrukning, inhibitor-

halt m m.

Som komplement till uppfdljning av vattenkemin

finns elektrokemiska metoder som mera direkt ger
besked om korrosionsprocesserna. En av dessa ar
bestdmning av allmdnkorrosionen genom uppmdtning
av polarisationsresistansen. Metoden kallas &ven

linjdr polarisation.
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2 INLEDNING

SVTF-K33 "Elektrokemiska midtmetoder" &r ett
projekt som finansieras av Stiftelsen Io6r
Vdrmeteknisk Forskning. I denna rapport, som
avser projektets fOrsta etapp, redovisas en
litteraturstudie och en marknadsinventering d&ver

kommersiella instrument.

I litteraturstudien ges en elementdr introduk-
tion till bakgrund och principer f6r linidra
polariationsmdtningar. Vidare behandlas osdker-
heter, begrédnsningar och felk&llor. Framstdll-
ningen avses ge en schematisk Overblick av
metoden utan att l&saren behdver fdrdjupa sig i
den teoretiska bakgrunden £8r mdtningarna. For
mera djupgdende beskrivningar hdnvisas till v
Stern et al (1), (2) och (3), Heitz och Schwenk
(4), Callow et al (5). Pa svenska har metodiken

beskrivits av Wranglén (6) och Kulera (7).
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GRUNDLAGGANDE TEORI

(%)

3.1 Elektrodsystem i Jdmvikt

Vid en metallyta 1 kontakt med en vattenldsning
instdller sig en dynamisk jamvikt, d&r en eller

flera anodreaktioner {(oxidationsreaktioner)

balanseras av en eller flera katodreaktioner
(reduktionsreaktioner). Detta innebdr att
oxidationsreaktionerna avger lika ménga elek-
troner per tidsenhet som f&8rbrukas av reduktions-
reaktionerna. Om reaktionsprocesserna sker jamnt
f6rdelade Over metallytan, innebdr elektronjém-
vikten att summan av de anodiska och de katod-
iska stromtdtheterna dr lika, eller

Ti_ =i =1
a c o

med beteckningarna:

ia = anodisk strdmtdthet
i = katodisk strdmtdthet
io = utbytesstrdm vid jadmvikt

Detta dr t ex fallet vid allmé&nkorrosion. vVid
lokalkorrosion dr reaktionerna lokaliserade till
olika stdllen av metallytan. Man fdr d& uttryvcka
elektronjédmvikten med totalstrimmar 1 stidlliet

f6r stromtdtheter.

Mot den dynamiska jdmvikten av anod- och katod-
reaktioner svarar en vilopotential. Den kan
uppfattas som en blandning av elektrodpotential-
erna fran flera elektrodreaktioner och xallas

ddrfdr blandpotential,

P4 en allmdnkorroderande yta kallas blandpoten-

tialen korrosionspotential. Utbvtesstrdmmen vid
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sdmvikt kallas korrosionsstrom. Sambancet mellan

blandpotentialen coch utbytesstr&dmmen framgdr av

potentialdiagrammet i Figur 1.

Potential-strdm-~diagram £dr uppldsning av Zn 1
syra.

3.2 Polarisation

Om en metallyta 1 kontakt med en vattenldsning
paldggs en yttre strém eller potential, fdrskijuts
elektronjdmvikten s& att strdmmen i den yttre

kretsen (Iy) balanseras. Strémvillkoret blir

1
[..J
I
™1
|.,J.
i
[an]

Om Iy >0 dominerar anodreaktionerna, om Iv <0

<

dominerar katodrezktionerna.
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Férskjutningen av elektronjdmvikten far till
f61jd att bédde utbytesstrdm och elektrodpoten-

tial &ndras. Fenomenet kallas elektrokemisk pola-

risation. Str&midndringen kallas polarisations-

strdm och potential&ndringen polarisationspoten-

tidi.

Det f&rekommer 1 huvudsak tre olika typer av

elektrokemisk polarisation:

- Koncentrationspolarisation
- Resistanspolarisation

- Aktiveringspolarisation

Koncentrationspolarisationen beror pa att
koncentrationen av ett reagerande &dmne pa
elektrodytan avviker fran vattenl&sningens.
Intill ytan uppstdr en koncentrationsgradient
som ger upphov till ett diffusionsskikt. Det
aktuella dmnet diffunderar genom skiktet mot
l&gre koncentration med en hastighet som bestdms
av diffusionskonstanten och koncentrationsgradi-
enten. Koncentrationspolarisationen f8rsvinner
langsamt, (flera sekunder), da den yttre strdm-

kretsen bryts.

Resistanspolarisationen eller ohmsk polarisation
beror pa ohmsk resistans i ett skikt, t ex ett
oxidskikt p& metallytan, som ger upphov till ett
ohmskt spdnningsfall. Aven elektrolyten mellan
saltbryggan till en referenselektrod och mdt-
elektroden (metallytan) kan ge mdtbara ohmska
spdnningsfall. Detta dr sdrskilt patagligt i
hégrena vatten med lag elektrisk konduktivitet.
Om spdnningsfallet Over elektrolvten inte
kompenseras, uppstdr ett mdtfel. Resistancspolari-
sationen fdrsvinner inom loppet av nagra mikro-

sekunder, da stromkretsen bryts.
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Aktiveringspolarisation beror pa reaktionshdm-
ningar vilket leder till ett lé&ngsamt steqg i
elektrodprocessen. Fdr att reaktionshdmningen
ska ¢vervinnas, maste en aktiveringsenergi
tillféras. Aktiveringspolarisationen fdrsvinner
L0 10Ppet av adra aerilSEawlucel da oorbOmkret-

sen bryts.
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4 BESTAMNING AV KORROSIONSSTRUOMMEMN
4,1 Mdtprinciper vid polarisaticnsmdtningar

Vid polarisationsmdtningar polariserar man den
korroderande metallen genom att koppla den som
médtelektrod 1 en elektrodcell. Man méter polarisa-

tionen:

1. genom att ldgga en spdnning E mellan
elektroderna i cellen via en yttre
stromkrets. Polarisationen avldses som
den nettostrdm som uppkommer igenom
cellen genom att endera av anod- eller
katodreaktionerna gynnas. Om potentialen
hélls konstant vid varje mdtsteg sigs
mé&tningen ske potentiostatiskt.

Om potentialdndringen gdrs kontinuer-
ligt, sd&gs mdtningen ske potentiodynam-~
iskt.

2. genom att driva en strém I_ genom
elektrodcellen. Polarisatidnen avlises
dé som den spédnningskillnad som uppstar
mellan mdtelektroden och referenselek~
troden. Matningen g&rs hdr galvanostat-
iskt.

T fall 1 registrerar man sdledes polarisations-
str&mmen som funktion av Eolarisationsspénningen.

I fall 2 gbr man tvdrt om.

Om man varierar strdmmen eller spdnningen och
ldgger in métresultaten i ett diagram, far man
en polarisationskurva. Normalt avsdtter man
logaritmen £6r polarisationsstrémmen pa x-axeln
och potentialen pa y-axeln. En idealiserad

polarisationskurva visas 1 Figur 2.
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y.

logaritmiskt omrade

logaritmiskt omrade

linj&drt omrade

log i Log 1

corr

Figur 2

Polarisationsdiagram.

En viktig principiell begrdnsning hos alla
polarisationsmdtningar dr att polarisations-
strommen alltid maste madtas som en totalstrém,
Iy’ genom en yttre strdmkrets. De anodiska och
katodiska delstrdmmarna kan aldrig mdtas upp var
f8r sig. Detta innebdr att korrosionsstrdmmen iO
inte kan bestdmmas genom direkta mdtningar. Den
kan emellertid bestdmmas indirekt fran polarisa-

tionskurvorna.

4.2 Linjdr polarisation, princip

Man kan visa, att det vid aktiveringspolarisa-
tion ré&der ett linjdrt camband mellan polarisa-
tionsstrdm och polarisationsspdnning 1 nédrheten
av vilopotentialen. Det linj8ra omradet kan
variera mellan olika elektrodsystem. I de flesta
fall ligger man dock 1 det linjdra omradet inom

+20 mV fran vilopotentialen.
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Det linjdra sambandet kan skrivas:

=B
R
p

1
corr

[

dir R &dr riktninaskoefficienten AF/AT for den

It
linjdra kurvan. Rp kallas polarisationsresistans

och kan uttryckas i sorten ohm.

B dr en konstant, som maste vara k&nd for att

i skall kunna berdknas.
corr

Det finns tvad principiella tillvdgagangssdtt att

bestdmma konstanten B:

1. B kan berdknas ur lutningen £f8r de
logaritmiska kurvdelarna i log=-lin-dia-
grammet. Metoden dr omstdndlig och
knappast aktuell fdr praktiska rutin-
mdtningar.

2. B kan bestdmmas empiriskt genom att
korrosionsstrdmmen 3&mfbrs med en
oberoende mdtning av korrosionshastig-
heten. Denna metod dr den vanligaste
f6r kalibrering av rutinmdtinstrument
som bygger pa linjdr polarisation.

4.3 Elektrodarrangemang

Ett vanligt arrangemang av elektroder i en
midtcell dr det s k tvdelektrodsystemet. Det
bestdr av en mdtelektrod och en referenselektrod
eller motelektrod. Motelektroden har hdr tva
uppgifter, né&mligen att mdta eller hdlla en
spdnningsskillnad mot mdtelektroden och att leda
en strdm genom cellen. I mdnga fall &dr elektrod-
erna av samma material och utfdrande. Man
skiljer d& inte pa& elektrodernas funktion som

mdt- och motelektrod.

F&r vissa mdtningar kan det vara lidmpligt att

lata referenselektroden arbeta strdmldst. Man
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kompenserar d& strbmmen mellan mdt- och referens-
elektroden med en ld&mplig bryggkoppling. Polari-
sationsstrdmmen leds i stdllet mellan mdtelek-
troden och en tredje elektrod. Mdtcellen utgdr

dd ett treelektrodsystem. En fdrdel med detta ir

aUT mall Lidvikel stdlilingar vaua plleliciaimdt-
ningarna p& grund av spdnningsfall i elektro-
lyten. Man undviker ocksd stérningar fran

eventuell polarisation av referenselektroden.

4.4 Linjdr polarisation och lokalkorrosion

Om elektroderna i mdtcellen utsdtts f&r lokala
korrosionsangrepp, kan man ur médtresultaten ej

bestdmma allmdnkorrosionen i systemet.

Ndr det gdller fragan om man med linjédra pola-
risationsmetoder kan indikera lokalkorrosion, &r
meningarna delade. P& vissa hall, t ex hos
Rohrback Cocoperation (8), hidvdar man att mdt-
signalerna kan ge besked om att lokala korrosions-
processer padgadr. FOr en cell med mdt- och
motelektrod i samma material anger man att man

fdr en indikation pd lokalangrepp ("pitting
indication") genom att en spontan potential-

skillnad uppkommer mellan elektroderna.

Andra kdllor varnar for att dra slutsatser om
lokalkorrosion ur linjdra polarisationsdata.
Moreland och Rowlands (9) t ex, konstaterar att
man inte fadr ett palitligt matt pa& lokalkorro-
sion inklusive gropfrdtning, spaltkorrosion och
spdnningskorrosion. De anser dock att instabila
midtsignaler kan vara en indikation pa att s&dana

korrosionsprocesser fOrekommer intermittent.

.
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4.5 Linjdr polarisation vid h&ga tempera-

turer

Mdtningar vid temperaturer over 100°C har bl a
gjorts av Hibner et al (10) och Tarkpea et al
(11). s&vdl kolstdl som rostfritt 18/8-stal och

Zircaloy har undersdkts.

De praktiska problem som tillkommer vid hog-
temperaturmdtningar hdnger samman med de f8r-
htjda tryck och temperaturer som rader i hég-
tryckssystemen. Det gdller att f£& tdta genom-
f6ringar utan risk fdr kortslutning och &ver-
ledningar. Elektroduppsdttningen maste tala héga
temperaturer, vilket bl a stdller speciella krav
pa den elektriska isoleringen. Speciell uppmidrk-

samhet mdste &dgnas A&t jordning och skdrmning.

M&tningarna hos (10) och (11) tycks ha gatt bra
f6r kolstdl, medan man har haft problem i
syrefattiga hdgrena vatten med Zircaloy och
18/8-stal. I syrerika hdgrena vatten gick

mdtningarna pd dessa senare material dock bra.
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BEGRANSNINGAR OCH FELKALLOR VID LINJARA
POLARISATIONSMATNINGAR

For att allmdnkorrosionshastigheten skall kunna

midtas med linjdra polarisationsmetoder, mdste

man beakta ett antal faktorer som kan begrinsa

metodiken eller som kan stdra mdtresultaten.

Ndgra av de viktigaste kommenteras i1 det f61j-

ande:

1.

Polarisationen maste vara tillrdckligt
1aqg.

Ju stdrre polarisationen dr, desto
stérre blir avvikelsen frdn linearitet.
For praktiska tilldmpningar kan man
utgd frédn att polarisationspotentialer
mindre &n ca 20 mV ger acceptabelt smé
linearitetsfel.

Korrosionsmediet (elektrolyten) maste
ha tillrdckligt h&g konduktivitet.

Vid mycket 1l4g konduktivitet och léag
korrosionshastighet kan polarisations-
resistansen drdnkas i bidraget fran
elektrolytens resistans. Problemet
motverkas genom att man optimerar
cellgeometrin med avseende pa elektrod-
ytor och elektrodavstdnd. Kommersiella
tvdelektrodceller kan anvdndas ner till
1 mS/m enligt Feitler (12). Samma kdlla
anger att treelektrodceller kan anvdndas
ner till 0.1 mS/m.

Elektrolyter med mycket 1&g konduktivi-
tet kan &dven ge problem med ingdngsimpen-
dansen hos mdtutrustningen. Detta
motverkas genom omsorgsfull skdrmning

av signalkablar och utrustning.

Konkurrerande redoxreaktioner far inte
f&rekomma.

Utbytesstrfmmen &dr summan av samtliga
anodiska respektive katodiska delstrdm-
mar. Vid en korroderande metallyta kan
man dock i regel f8rsumma Ovriga
strommar i forhallande till korrosions-
strommen. Detta gdller speciellt for
metaller med jdmfdrelsevis snabb
allmidnkorrosion, som t ex kolstal.

e
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I hégrena vatten med f&rhdjda vidtehalter
kan védtgasoxidation &verskugga korro-
sionsreaktionen hos lattpassiverade
metaller som t ex rostfria stal och
Zircaloy. Den beré&knade utbvtesstrtmmen,
som motsvarar summan av all fdrekommande
oxidation, ger da ett fOr hdégt vdrde pa
koarrongionchagtiaghaten

Jadmvikt méste hinna instdlla sig fore
varje avldsning av polarisationen.

R

Tiden till jamvikt &r kort f&r snabbt
korroderande metaller, t ex f&r kolstél.
FOor system med mycket 1&g korrosions-
hastighet, framfdr allt l&ttpassiverbara
system, kan tiderna till j&mvikt bli
besvdrande langa.

Vilopotentialen far inte dndras alltfodr
mycket under en matcykel.

I verkliga system dndras vilopotential-
erna med tiden. Detta kan bero pa
férdndringar av hastigheten och dven
reaktionssdttet hos delprocesserna,
vilket i sin tur kan bero pa foérédnd-
ringar i korrosionsmilijdn som t ex
inhibitorhalt, syrehalt, pH, temperatur
etc.

Variationerna i vilopotential beh&ver
inte ge nagra problem s& lidnge de &r
léangsamma i férhdllande till m&ttiden.
En gradvis foérdndring paverkar inte
polarisationsspdnningen, om referens-
punkten f&r vilopotentialen korrigeras
mellan varje mdttillf&lle.

I vissa situationer uppstar stora
snabba fluktuationer hos vilopotenti-
alen. Sadana fenomen dr enligt Callow
et al (5) typiska bl a f£8r passiva
material som t ex aluminiumlegeringar
och nickellegeringar i miljder som ger
lokalangrepp, samt i miljder med hdg
stromningshastighet. Fenomenet kan ge
svara problem vid likstrémsmdtningar.
Den verkliga polarisationspotentialen
kan hinna £fluktuera léangt utanfdr det
linjéra omradet under en m&tcykel,
vilket medfdr en kraftig felskattning
av korrosionshastigheten. Som motat-
gdrder har det fdreslagits vidxelstrdms-
mdtningar, d&r man polariserar provet
med en vixelspdnning, som har hégre
frekvens &dn potentialfluktuationerna.
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Mitelektroden fédr inte polariseras
irreversibelt vid m&tningarna.

Polarisationen f&r enbart paverka
hastigheterra hes anod- och katodpro-
cesserna. lagon irreversibel fdrdndrinc
av reaktionsbetingelserna fa&r inte
FAvelomma MEy Fdan rolaricervande
strommen eller potentialen upphdr, ska
elektroden atergd till sin ursprungliga
vilopotential.

Ftt exempel pa irreversibel polarisa-
tion 1 det linjdra omrd&det har under-
sOkts av Epelboin et al (13). En
elektrod av Jjdrn 1 sur 18sning inhiber-
ades med propargylalkohel, som &r en
adsorbtionsinhibitor. vid h&ga inhibitor-
halter gav likstrSmsmdtningar av
polarisationsresistansen kraftigt
dverskattade korrosionshastigheter.
Fenomenet fdrklarades med att likstréms-
polarisationen trots sin litenhet
paverkade graden av yttdckning If6r
inhibitorn. I det aktuella systemet

fick man god &verensstdmmelse mellan
mdtresultaten ndr man till&mpade
vaxelstrdmsmatningar.

Ytan hos mdtelektroden méste vara
representativ IO6r materialet 1 systemet.
Mdtningen ger ju enbart besked om vad
som hdnder elektroderna och gdller inte
automatiskt £8r det Ovriga materialet.
Det dr da&rfdr viktigt att elektrodma-
terialet dverensst&mmer s& ndra som
m&jligt med detta. Potentiella felkdllior
gr skillnader 1 tillverkning, skillnader
i ytbehandling och skillnader som berocor
pa& icke-representativ fOrsmutsning av
elektrodytan med korrosionsprodukter,
fett eller kemikalier.

Lokalkorrosion pa elektrodytan kan
stbra mdtningarna kraftigt. En speciell
risk som maste uppmdrksammas dr spalt-
korrosion mellan elektrodytan cch
intillliggande isolermaterial.
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7 INSTRUMENTINVENTERING

De vanligast ZCrekommande instrumenten pd mark-
naden tycks vara Corrater-instrumenten fran
Magna Instruments (en division av Rohrkack
Corporation) och Petrolite-instrumenten fran

Petrolite Corporation, bada USA. Moreland och

Rowlands (9) ndmner &dven instrument fran Waverly
Electronics LTD, England, Polartron fran VPZ,
Tjeckoslovakien, Corrovit fran Tacurrel Elec-
tronigue, Frankrike och Atel SRL, Italien. En
sammanstdlining av dessa instrument redovisas 1
Tabell 1. Tabellen dr publicerad 1977 och &r
ledes inte helt aktuell. Den har dndé& tagits

s&
med f8r att ge en Sverblick &ver utbhudet.

7.1 Corrater

Rohrback Corporation i USA sdljer ett flertal
instrument under namnet Corrater. Svensk aterfdr-
saljare &r Kemi-Intressen AB, Box 618,

172 06 SUNDBYBERG, tel 08 - 28 91 60.

Matningen gar till s& att instrumentet ldgger en
konstant potentialskillrnad mellan tva identiska
elektroder & att den ena elektroden polariseras
anodiskt och dern andra katodiskt. Polarisations-

strommen mdts ddrefter upp mellan elektroderna.

De flesta instrumentmodellerna arbetar med pol-
omkastning, vilket innebdr att de bhada elektro-
derna polariseras vixelvis anodiskt och katodiskt.
Efter en polvidncdning berd@knar och visar instru-
mentet medelvidrdet av de bada polarisationsstrdm-
marna. Denna strdm dr proportionell mot korro-
slonsstrommen enliigt teorin 3r linj&r polarisa-

tion.
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SAMMANFATTNING AV LITTERATURSTUDIEN

Den linjdra polarisationsmetodiken dr
idag vdl utprovad och underscékt Z6r
dtskilliga material-miljd-system. Det
har gjorts omfattande studier, bade
experimentella och teoretiska, som har

LPlavlacm+ mo+rAdAiborne srnuindhariha-

felkdllor och begrédnsningar.

f

Metodiken fungerar utmdrkt f£6r mitning
av allmdnkorrosionen hos bl a liglegerade
stal med ji&mfdrelsevis snabb allmdn-~
korrosion. Detta g&ller &dven 1 hégrena
vatten med lag konduktivitet. Metodiken
fungerar bra dven 1 hdgtemperatursystem.

P& ldttpassiverbara material, t ex
austenitiska rostfria stal, Inconel och
Zircaloy, kan linjdra polarisationsmét-
ningar ge helt missvisande resultat 1
hégrena vatten. FOr sddana kombina-
tioner &r mdjligheterna att bestdmma
korrosionshastigheten med linijér
polarisation helt beroende pd& cm &dven
andra redox-reaktioner innefattas i
mdtningarna eller ej. Detta maste
undersdkas f£8r varije enskilt fall.

Metodiken ger inte utan vidare sdkra
besked om lokalkorrosion. I vissa fall
kan man m6jligen f& indikationer pa
lokala korrosionsprocesser. Sambandet
mellan linjdra polarisationsdata och
lokalkorrosion dr dock oklart och
tolkningarna av mdtsignalerna osidkra.
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7.1.2 Kalibrering

Corrater-instrumenten dr gracerade 1 mpy (mils
per vear). Det avldsta vdrdet cskall multipli-

ceras med en kalibreringsfaktor, den =& kallade

probe multiplier, I8r att ge ratt avldsning av

korrosionshastigheten. Instrumentets kalibrering

har valts sa& att kalibreringstfaktorn fér kolstal
skall vara 1.0 1 ett ordindrt industriellt
kylvattensystem. F8r andra material macste

kalibreringsfaktorn ber&knas.

. —— S~ —— " - — o —— - { ——  —o — —"  ————————————-

vid lag konduktivitet hos elektrolyten péaverkas
métresultatet av spidnningstallet mellan elektro-
derna. lMagna Instruments uppger, att man Xan
anvidnda tvaelektrodsystem utan korrektion f£for
spdnningsfall s& lé&nge produkten av korrosions-
hastigheten (mpy) ganger elektrolytens resistivi-
tet (ohm - cm) &r mindre &n 10 000. Motsvarande

viarde f&r treelektrodsystem uppges vara 25 000.
Sambandet xan &aven uttryckas

m 5.1
W

respektive

M . 5.25
¥

med beteckningarna

Cm = korrosionshastigheten, mpy
K = elektrolytens konduktivitet, mS/m
I ett vatten mea exempelvis « = 0.1 nS/m svarar

dessa samband mot en maximal korrosionshastichet

utan korrektion dr spanningsfall av 0.010
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respektive 0.025 mpy f0r tva- respektive treelek-

trodsystemet vilket &r undre grdnsen av instru-

mentens kdnslighet.

Om man skall utfdra mdtningar 1 system ddr man
Llgger over omnamnca Jdransvarden maste Korrek-

tionsdiagram anvdndas. Dylika kan erhdllas frén

Magna Instruments.

Corrater-instrument finns i1 utfdranden bide for
batteridrift och f£8r ndtanslutnina. Till néagra
modeller kan endast anslutas tvdelektrodsystem,
medan till andra kan anslutas savdl tva- som
treelektrodsystem. Flerkanalsmodeller finns.
Reldutgangar fo6r larm och styrsignaler kan

anslutas. (Ingdr 1 sexkanalsinstrumentet 1136.)

Specifikationer f&r Corraters modeller redovisas

i Bilaga A.

Ett tvpiskt tvaelektrodarrangemang visas i
Figur 3. Bada elektroderna &r av samma material

och har samma dimensioner.
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Hos treelektrodarrangemangen dr de tva testelek-
troderna identiska, medan den tredje, referens-
elektroden, &r av rostfritt stal. Denna &r
placerad omedelbart intill aen ena testelek-

troden.

De tva testelektroderna dr utbytbara. Referens-
elektroden dr dock fast ansluten till instru-
mentet. Ett stort scortiment av elektrodmaterial

finns pa& marknaden.

Testelektroderna kan levereras dels 1 standardut-
f8rande och dels 1 ett antal speciallegeringar.
Utfdranden finns fo6r tryck upp till 7.0 MPa och
temperaturer upp till 150°C.

Elektrodspecifikationer framgdr av Bilaga A.

7.2 Petrolite Corrosion Rate

Petrolite Instruments, Texas, USA, sdljer ett
antal modeller under den gemensamma beteckningen

Petrolite Corrosion Rate Instrument.

e e s Cn s ——— e - o ]

Samtliga instrument midter pad treelektrodsystem
med sa kallad PAIR-teknik. (PAIR = Pclarisation
Admittance Instantaneous Rate). Detta dr 1
praktiken konventionell linjdr polarisations-
metodik. Instrumenten mdter skillnaden 1 korro-
sionspotential mellan referens- och testelektrod.
Darefter sker en automatisk inkoppling av en
polarisationsstrdm mellan mot- och testelektred,
varvid 10 mV potentialskillnad uppstdr mellan
test- och referenselektrod. Polarisationen av
testelektroden kan vara antingen anodisk eller
xatodisk. Vanligen anvdands dock katodisk polarisa-
tion. Potentialskiilnaden resulterar i en

polarisationsstrdm, I, mellan testelektroden och
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cch referenselektroden. I dr propcrtionell mot
korrosionshastigheten enligt teorirn f&r linjédr

polarisation.

Kalibreringen mellan elektroder och instrument
dr gjord f8r en antagen korrosionshastighet av
det aktuella elektrodmaterialet 1 en "typisk"
miljd. M8tsignalen avldses som mpy. F&r att man
skall £& optimal precision p& médtningen kan det
krdvas en kalibrering £6r den specifika miljdén.
Midtvidrdet multipliceras d& med en konstant

kalibreringsfaktor.

Petrolite Instruments uppger, att deras instrument
kan anvdndas f&r mitningar i elektrolvter ned

till 0.01 mS/m. Eftersom spdnningsfallen i
elektrolyten kan vara avsevdrda vid sa lag
konduktivitet, krdvs f&r optimal precision en
utvdrdering av spdnningsfallets storlek 1
“Grhallande till polarisationsresistansen f&r

det aktuelila matfallet.

4

olite's elektrodarrangemang &r alla av tre-
elektrodtyp. Samtliga tre elektroder &r normalt

av samma material.

Modeller “inns bade £6r batteridri®=, och £or
ndtanslutning. Flerkanalsmodeller Zinns med
larmnivaer.

P& de enklare modellerna maste voltmetern iOr
votentialbestdmningar mellan test- och referens-

elektrod nollstédllas manuellt [Ore mdtningen.
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Detta gbrs f8r att kompensera potentilalskillnader
mellan elektroderna innan polaricationspotenti=-

alen l&dggs pa.

P4 de mer avancerade modellerna gbrs nollstdll-

OADGEn Ldludialasal - eow j4n oV WL o wGolykel.

Mdtcykelns l&ngd kan h8r i regel stdllas in pa

mellan nadgon minut och ca en timme.

Vissa modeller registrerar "cffset-potentialen",
dvs potentialskillnaden mellan test- och referens-

elektroden vid bérian av varje matcykel.

Pa de enklare instrumenten védljer man med
manuell omkopplare mellan anodisk och katodisk
polarisation. P& de avancerade instrumenten
finns dven ett mdtalternativ med successiv
mdtning vid s&vdl anodisk som katodisk polarisa-

tion under en mdtcvkel.

Specifikationer pd instrumentmodeller l&mnas 1

Bilaga R.

Elektroder finns med tva geometrier. I cen ena
sticker elektroderna ut fran hallarplattan 1

form av tre likadana pinnar. I det andra ligger
elektrecdytorna infédllda som koncentriska ringar

1 h&dllarplattan.

I "pinnmodellerna” &r elektroderna 13tt utbyt-
bara. Detta ger mdjlighet att byta ut testelek-
troden efter en mdtperiod och j&mfdra mdtresul-
taten med viktsidrlusten hos elektrcden.

Ett stort sortiment av elektroder firnns, £0r
t 0

le
O
0

[
»)

r

temperaturer upp

t1l1l 27 MPa.

C och ©Hr —zvck upp
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Elektrodspecifikationer ges 1 Bilaga E13 - 16.
7.3 fvriga instrument

7.3.1 Waverly

_______________ —

Enligt Moreland (9) tillverkar Waverley Elec-
tronics 1 Storbritannien ett vadxelspdnnings-
instrument som ger en signal med fvrkantvag vid
10 Hz. Testelektroden cscilleras + 5 mV kring
korrosionspotentialen. Instrumentet dr utrustat

med ett treelektrodsystem.

Elektroder levereras dock normalt inte med

instrumentet.

7.3.2 Polartron

Moreland (9) refererar till ett instrument,
Polartron som tillverkas av VPZ,
Praha-Bechovice, Prag, Tjeckoslovakien.
Instrumentet levereras for tva- eller
treelektrodutfdrande. Det finns 1 utfdéranden Ior

laboratorier och industrier.

Polartron kan polarisera bade med 0.25 och
1.0 Hz fyrkantsvagor och med likstrom. Den

maximala amplituden &dr 6 mV.

Korrosionshastigheten bestdms med hijdlp av

nomogram eller fran omvandlingsformler av typen

;U‘UJ

i
corr
p

ddr B &r en konstant och Rp ar polarisations-

resistansen.

.
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7.3.3 Corrovit

Moreland (9) refererar 4dven till instrumentet
Corrovit tillverkat 1 Frankrike av Tacussel
Zlectronique. Instrumentet utnvttjar en treelek-

trodcell, och ldgger pd& en polarisationspotential

mellan + 1.25 och + 125 mV. Potentialen xan

l4ggas pa& som likspénning eller som en signal
med trianguldr vagtform (sdgtandsspdnning) mellan
0

10~ och 1

Instrumentet finns endast Idr laborator:iebruk.
Elektroder och kablar f0r industribruk levereras

inte.

Ett instrument som omndmns av Moreland (9)
kommer fran Atel, SRL i Italien. Det &4r batteri-
drivet och utnyttjar ett treelektrodsystem.
Elektroder finns bade f&r laboratorie- och

industribruk.
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8 SAMMANFATTNING AV INSTRUMENTINVENTERING

Samtliga redovisade instrument &r baserade pé
teorin f&r linj&r polarisation. Enligt denna
teorl dr korrosionsstrémmen proportionell mot en
konstant B dividerad med polarisationsresistansen
Rp (Callow et al (5})).

Samtliga instrument genomfdr aven likstrimsmat-
ningen pa principiellt samma sdtt, genom att
hdlla polarisationspotentialen AE konstant och
registrera polarisationsstrémmen 41 som en
bercende variabel. Man kan d& omforma sambandet

f&8r korrosionsstrdmmarna till

- B
R

B _ B:Al
AE AE
P 7T

i
corr

Eftersom badde B och AE &r konstanta under

mdtningen kan de skrivas

och man far

ot

o

dvs korrosionsstrdmmen vid konstant polarisa-
tionspotential &r proportionell mot polarisa-
tionsstrdmmen med K som proportionalitetskon-

stant.

Bidde Magna och Petrolite levererar kombinationer
av instrument och elektroder med kalibrering i

mpy. Kalibreringen utgdr Zrédn vissa standard-

former av korrcsion. Vid mdtning 1 ett syvstem
an kalibreringsfaktorn ha ett avvikande varde.
Innan man drar nagra slutsatser Iran matningarna

vad kbetraffar absoluta Korrosionshastigheter i
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svstemet, maste man dadrfér fdrvissa sig om, att
man arbetar med korrekt kalibreringsfaktor. I
vissa system dr kalibreringsfaktorn v&lkidnd och
reproducerbar. I andra krédvs det att man g&r en
empirisk kalibrering mot oberocende metoder for

Gerl asflueioa dalllifidges.

Samtliga instrument arbetar med treelektrodsystem
utom nagra Polartron- och Corrater-modeller som

anvdnder tvdelektrodsystem.

Treelektrodsystemen har fdrdelar framfér allt i
vatten med l&g konduktivitet, d&r spdnningsfallet
1 elektrolyten kan minimeras och kompenseras.
Tvadelektrodsystem kan vara att fdredra vid hdgre
konduktivitet. Det anses av vissa fdrfattare,

t ex Callow et al (5), att tvaelektrodsystem &r
mindre kd@nsliga f6r skillnader mellan elektrod-

och konstruktionsmaterial.

I Corraters treelektrodarrangemang dr referens-
elektroden av rostfritt stdl. I vissa situationer
kan den enligt (9) uppvisa potentialfluktuationer
av helt annan karaktldr &n test- och motelektroder
av t ex kolstdl, varidr resultatet maste tolkas
med viss férsiktighet. I system med hdg redox-
buffertkapacitet finns risk fdr att referenselek-
troden mdter pa buffertkomponenternas redoxreak-

tioner istéllet £O0r pd korrosionsfdrloppet.

Nagra av de redovisade instrumenten har midtalter-
nativ fdr wvéxelspdnningspolarisation. Ccrraters

polvé&ndningsmeted kan i princip uppfattas som en
vidxelspdnning med ldg frekvens. Det samma gadller

f8r négra av Petrolite's modeller.
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Mdtningar vid hdgre Ifrekvenser kan ibland l&sa
problem med fluktuationer hos elektrodpotentia-
lerna. Kalibreringsiaktorn fdr vaxelstrims-
midtningen kan avvika starkt frén den fér likstrom.
Kalibrering 8r den anvanda frekvensen &r d&rfcr

LOuWVandiy.

Overensstdmmelsen mellan linj&ra polarisations-
mdtningar och andra metoder f8r korrosionshestidm-
ningar, t ex viktfdrlustm&tningar, &r 1 regel

god f&r system ddr korrosionen fdrsicgdr i
aktivt tillsté&dnd. Inga mdttekniska svarigheter
foreligger hdrvid normalt. Resistansen 1 elektro-
lyten dr fdrsumbar 1 férhédllande till polarisa-
tionsresistansen cch tiden till stationdrt
tillstand dr kort. Vid sé&dana betingelser &r
férutsdttningarna f&r de kommersiella instrumen-

ten goda.

Vid mdtningar av laga korrosionshastigheter i

t ex rostfria system kan problem dé&remot uppstéa.
Mdtningarna tar lang tid d& stationdra tillstand
uppnés langsamt. Spanningsfall kan f&rekomma som
Sverskuggar polaricsationsresistansen. Resultaten
kan dven innefatta andra redoxreaktioner in

korrosionsreaktionerna.

Tabell 2 - 6 korreleras linjdra polarisations-
mdtningar pa& ett stort antal kombinationer av
material och miljder med ocberoende mdtningar.
Tabellerna, som har zagits fran (5), ger en god
Overblick Over metcdens anvandbarhet och

begré&nsningar.
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9 SLUTDISKUSSION

Overvakningen av kvaliteten pd systemvatten i
viarmeverk och kraftverk sker vanligen genom
kemicsk analys. Trots god vattenkemisk kontroll
har i wvissa fall skadefall intrdffat t ex genom

att spdnningskorrosiorssprickor uppstatt i

L
P

fjdrrvdrmerdr. I andra fjdrrvérmendt med samma
analysvirden pa vattnet har ddremot inga sprickor
uppstatt. I skadefallsutredningar Zramhalls att
sprickorna sannolikt uppstadr som £6l1jd av
spdnningar 1 materialet 1 kombination med kemisk
inverkan fran vattnet. Konventionellt framtagna
analysvérden ger mot denna bakgrund ej tillfreds-
stdllande information om vattnets inverkan pa

materialet.

Linjé&ra polarisationsmdtningar erbjuder en
forbattrad karaktdrisering av den miljd materi-
alet utsdtts f&r. FOrbdttringen ligger ddri att
dessa mdtningar ger en direkt och kontinuerlig
mdtsignal p& hur materialet k&nner av miljdn.

Den kontinuerliga mdtningen dr speciellt varde-
full som kontroll av vattenkvaliteten 1 samband
med start av svstem och under inkdrningsperioder.
Md&tsignalen kan kombineras med larmsystem sa att
larmsignal erhd&lles vid f6rdndringar av vattnet

uttver fdrutbestdmda riktvirden.

I ett mer utvecklat utfbrande kan mdtsignalen
dven anvdndas fOr styrning och reglering av
doseringspumpar. Inhibitorhalten i1 ett system-
vatten xan sdledes automatiskt upprdtthédllas
inom &dnskade vdrden. Fd8rutsidttningen dr da att
mdtsignalen intrimmats mot férutbestédmda gréns-
vdrden £&r inhibitorhalten eller att en bestdmd
mdngd inhibitor doseras till systemet varie

dygn.
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Linjdra polarisationsmdtningar &Zr idag vil

r

Fh
[@H

utprovade och undersdkta 1 laboratorieskala
mdtningar av korrosionshastigheter 1 ett stort
antal material/miljdsystem. Denna litteratur-
studie och instrumentinventering visar att

NEUOGLKEDn wiljuudl Juda Tujrigneter tor Z0r-

bdttrad kontroll och &évervakning av vattenkemin
1 aktuella system vid varmeverk och kraftverk.
Projektarbetets rfortsdttning bdr da8rfdr inriktas
pd utprovning av instrument i fd8ltfdrsdék. Prov-
ningarna bdr gdras pa systemvatten med och utan
tillsats av inhibitor och dven omfatta viktfdr-
lustmdtningar pd provpldtar. Resultaten fran
faltfdrsdken kan sedan ligga tili grund £f£o6r en
sdkrare beddmning av metodens praktiska anviand-

barhet.
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Tabell 1

Commercial Instruments for Polarisation Resistance Measurements

*Ranges in mpy for Corrater and Petrolite models are based on the use of steel

Name No. of Range, mpy*
and Suppliers elect- Electrode Applied vol- Circuit type Power source Use Corrater & Notes
Model .. rodes design tage, A E Petrolite
Modecls

Corrater | Magna Corpor- |. 2 Type 1 (2<lectrode) | 30 mV total Reversing d.c. 115V 50/60 Hz | Lab/Plant 0-1000 Built-in recorder output,
Model ation, 11808 Cycle time 60s | 230V 50/60 Hz 6 ranges control cnd alurm output
1110 South Bloom-

field Avenue,

San'a Fe

Springs,

California, USA

"i%amm}‘—
Corrater 2 30 mV total Reversing d.c. 1I5V 50/60 Hz Lab/Plant 0-10 Recorde- output
model 230V 50/60 Hz 0-100 Control «nd alarm output
1130 Both clectrodes of
same matcrial and .
Corrater 2& 3 | size 0-50 mVv Reversing d.c. 115V 50/60 Hz Lab/Plant 0-1000 Two ful’ time active instru-
Model variable with variable 230V 50/60 Hz 4 ranges ments. [*ual channel with
1100 cycle time control «:nd alarm outputs.
Intrinsic«lly safe (USA
Specifice:ion)
Corrater 2& 3 | Type H (3-clectrode)] 0-1 volt Manually Two 84 V Portable 0-1000 Cathodi: and anodic
N:ogc( variable reversing d.c. batterics Lab/Plant 6 rangcs polarisa.on possible
112
k-

Corrater 2 Reference clec- 30 mV total Non-reversing Four 45V Portable 0-10
Model trode of stainless d.c. batteries Lab/Plant 0-100
1172 steel
Pctrolite | Peirolite 3 Type 1 10 mV anodic, PAIR technique | 115V 60 Hz Lab/Plant 0-1000 Unsable up to 10]Mn

Instruments, cathodic, or applies addit. Specials 10 ranges resistivicy

4411 Blucbonnet, 11-2men alternate anodic/| 10 mV differen- | available
M 1000 Stafford, Texas, cathodic tial between ref. M-101¢ C1
Serics 77477 USA and test clec- 10 static ns available

trodes. Time
® adjustable 1-30
R w a min

3 electrodes, same
material and size
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Tabell 1 (forts)

Name No. of Range, mpy*
and Suppliers clect- Electrode Applied vol- Circuit type Power source Use Corrater & Notes
Model rodes design 1age, A E Petrolite
Models)
Petrolite 3 Type 11 +10 mV PAIR technique | Rechargeable Portable 0-1000 Useable up to 1 Mqa cm
Model usually, 6V Ni batteries | Lab/Plant 6 ranges resistiviiy. Recorder output
103 +200 mV
possible
Petrolite 3 2410 mVY PAIR technique { Three mercury Portable 0-1000 Useabl. uptol Macm
mgdcl - batteries Lab/Plant 8 ranges resistivity .
Petrolite 3 3 clectrodes, same | =10 mV PAIR technique | Two alkaline Poriable 0-200 Useabl: up to 1 Ma cm
Model material and usually batteries Lab/Plant 10 ranges resistiv 1y
212 size =140 mV
possible
Petralite 3 =10 myY PAIR technique | 115V/60 Hz Plant 0-20 Digita! readout; 2 probe
M-2000 Specials 0-200 input; <ecorder, alarm and
Series available contro: oulpuls
Waverley | Waverley Elec- 3 Custom made, A E potentios- | Constant a.c. 240V/50 Hz or Lab/Plant 0-1000uA/mV Normally supplied with
Type tronics Limited, All clectrodes nced | tatically con- potential with 115V/50 Hz or in the 4 ranges | chart):corder or data
CM471 Waverley Road, not be same trolled, +5 mV | 10 Hz square battery calculable from |} logger sutput. Digital dis-
Weymouth, material or lab. to —5 mV about| wave current measure | play available or integrator
Dorset, England type, ref. uscable floating Ecorr for total corrosion display.
Useab = with up to | Mn
cm res-stivity sojutions
Corrovit | Tacusscl Elec- 3 Not specified = |25 10 Constant poten- | 240V/50 Hz or Lab,Plant 25nA - Can be driven by external
tronique Solea, . oo 125 mV step | tial. Constant battery 1250 uA signal ;enerator
72-78 Rue d° or triangular current available
Alsace, 69100 of 10-* 10 with 25nA --
Villeurbanne, 10t Hz 1250uA
France
Polaro- VPZ Praha- 2 fdentical -6 mV max. Constant or 220V/50 Hz Lab 0-150kn in 10 Chart cecorder output
tron Bechovice, clectrodes Square wave alternating or ranges
Prague, of 0-25 and current Plant
Czechoslovakia 1‘0 Hz or d.c. '
3 Calomel or silver -
chloride reference
Corrosi- | Atel SRL, Via 3 Standard elec- =10 mV Constant poten- | Battery Lab/Plant 0-10mm/yr in 4 | Circuit isolated from
metro dell’ Accademia, trodes are of the adjustable tial ranges ground
Model Tibernia, 22 same material, or
CSsO 00147 Roma, - use of other ref.
100/3 Traly N clectrodes
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Tabell 2
Cullow et al.: Corrosion Moncoring using Polarisation Resistanee |
Suminary of polarisation resistance measurenients on iron and ifs alloys
METAL/ALLOY MEDIUM CHECKS CORRELATION B,.omv REF.
Mild steel H2S0O,4 solutions Weight Joss Good corrclation 10 40
[ XA et '-’;;d:“m HA PO Weicht loss Gonod corrciation 15-21 39 o
Citric acids v 12
Mild steel Inhibited pickling acid Weight loss Good corrclation 15
lron 05 am H=SO0,4 - Weight loss Corrclation with polarisation 25 18
propargyi alcohol resistance poor, but charge
transfcr resistance good
Mild steel Organic acids Weight loss Good corrclation 7
tron inhibited acids 16-45 41
lron 0-5 s H:S50, 1} 42
M HCI 2 42
lron 107 H-SO4 43 26t
0-2m HCT 3o
M HCl b
Carbon steel 0-5 M H:S0, Talcl extrapolation Good correlation 12 43
fron 0-5 s HaSO, (10 min) Solution analysis Good corrclation 10 44
0-5 st HeSO4 (1400 min) 18 44
Mild stecl Sca water 2-5
Miid steel ’ Weight loss Good corrclation 296
Free cutting stecl 4% HCl solution
SiMn stecl
Mild stecel NaCl solutions -
NaNOz inhibitor None 6, 45
Mild stecl 547 Li Br solution Tafel ] 6
54%; Li Br solution extrapolation and Reasonable correlation 46
4+ LieCrQy inhibitor weight loss 20
Mild steel Inhibited and Tafel Good correlation 47
unhibited cthylkene extrapolation and
glycol solution weight loss )
Mild steed Simulated cooling waters |  Weight loss Generally good correlation 48
Mild steel River water + Zn Weight loss Good correlation 49
chromate/poly-
phosphate
Ingot irons Artificial sca water Tafel extrapoiation Good corrclation 50
Fel8CrRNi and weight loss
Fel8CriONi H:5Q, solutions Gouxd correlation between 18-20
transient and stcady state
techniques
— - S
Ferritic and austenitic d.c. 1R
stainiess stecls Dil. H:SO; M) Hz Weight loss Good correlation 4.9 23t
solution 50 Hz 26
100 Hz 1-3
Stainless steel Dil. H:SO; solution Weight toss Good correlation St
Fel8Cr&Ni Alkaline lithiated water Tafel extrapolation Results corrclated with Tafel 24 52
and weight loss extrapolation but not weight loss
Fel 3CrINi a3
Fel3CrdNi 6
Fel2CrSNil Mo 3%, NaCl solution Weight loss Good corrclation 6 53
Feld4CrSNil Mo 41
Mild slccl' Polarisation resistance over-
FetRCHYNI estimated rate for carbon
FelSCr20Ni Sca water Weight loss steel: undercstimated rates for 54

Fel8CrlINi2Mo

stainless steels

(1) a.c. technique, £0-25 Hz
(b} a.c. technique, (0-5-1 Hz
(¢} a.c. technique, [ < 2tz

(d) a.c. technique, 197 Hy
(e} a.c. technigue, 10, 50, 100 11,
(f) d.c. transicnt technigue

i3¢. Corros. J., 1976, Vol. {1, No. 3
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Tabell 3

Callow ¢t al.: Corrosion Montormy usimg Polarisation Resistancee |

Summary of polirisation resistance measurcments on aluminium and its atloys

METAL/ALLOY MEDIUM CHECKS CORRELATION B, Y REF.
Al L-25 Mn Apple juice Talel Good corrclation 29 55
Beel gravy extrapolation
Beer Hz cvaluation
Crecam corn
. Green beans
Prunc juice
Tomato juice
Aluminium Inhibited and Tafel Good corrclation 47
(SAE 129 unhibited cthylene extrapolation and
glycol solutions weight foss
AllMnl Mg Sodium sulphate Taflcl Good corrciation 14
solutions extrapolation
Alumintum 0-2 s NaOH None 105
(grade unspecificd) 2-5 M 11504 (d.c.)
0-5 » HsS0, 75 56t
0-1 am NaH CO,y (a.c.)
0-05 M Nasl3()y
01 s KaH{?Oy
Purc aluminium Ha-saturated Tafct extrapolation Results fess than half those s7
0-5 s S0, and weight loss obtained by Tafel
extrapoiation and weight loss
Pure aluminium fFiltered and untiltered Weight loss Polarisation resistance gives 54
AICTIAK - SCulZn Mowing sca water lower rates than weight loss
ANZnClad AL -2Mai My
AldNg
Al
Al}-82Zn2-SMg
AlIMgIMn Artificial sca water Tafcl extrapolation Good corrclation 50
and weight loss
Aluminium Sca water Weight loss Good corrciation 57 29t
(commercial purity)
Vuarious alloys Media at 40 ¢ 04 13 58

(a) a.c. technique, {0-25 He
(b) a.c. technique, £9-7 Hz

ST



STUDSVIK ENERGITEKNIK AR E3-563,148 38
1983-10-1C
Tabell 4
Callow et al.: Corrosion Mositoring using Polarisation Resistance {
Summary of polarisation resistance measurcments on copper and its alloys

METAL/ALLOY MEDIUM CHECKS CORRELATION B, mv REF.
CulON; Artificial sca water Talel | Reasonable correlation 50
Cu(ZnlAl - cutrapotauon and
Cu29ZniSn weight loss
CulONi
Cul9ZnlSn
Cul-3te
CulONi Filtered and unfiltered Weight loss Good corrclation 54
CuldZn sea water
CuB-5Nil - SFc
CulAl}-Ske
Cu2-3ifc
Cud-RSn
CuddZnlINi
CulFe
Phosphorous Sca water Weight loss Good correfation 5 29t -
deoxidised copper
Aluminium brass Sca water Tafel extrapolation Poor corrclation 24
CulONilFe Sca water Weight loss Correlation barcly acceptable 49 39

for both stationary and non-
stcady-statc measurcments
Aluminium brass 0-5 s NaCl solution None 66 ‘
1307

CulINilFe Artificial sca water Calculated and Results correlate well with 54
CulONilFe measured Taflel Tafel extrapolation and %
Cu20Zn2Al extrapolation and weight loss, but 2-3 times 17 9]
DINITRS-SD/Cu weight loss higher than 20
DIN1785-S8/Cu Schwerdtfeger's (50) 20
Copper %< NaCl solution None 3
Cul-12Al ca 20
Cul-12A11-5k¢ ) ca 12
Cul-12A1 1-5Ny co 12 62
Cu-12Al I-d¥¢ J-6Ni ca l2
Aluminium bronze Sca watcr flowing None 14 6]
Copper
Pure copper 0-5 s HaSOy 20 26t

(a) a.c. technique, €25 He

(b} a.c. technigue, 197 Hz

(c) a.c. technique, (0-5-1 Hz'
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Callow et al: Corvosion Mariacing using Polarisation Resistanee 1

Summary of lincar polarisation measuccments on misceliancous metal/alloy systems

METAL/ALLOY MEDIUM CHECKS CORRELATION B, mV RLEF.
Partially de-tinned Citrie acud Standard pack test Good for nartilly de-tinned .
Vi prald Grapetruit gtice plate even though anodc ca I8 65
Prunc juice polarisation diagrams were
Tomito juicc not reproewducible. The plate

had to be de-tinned to 509,
coverage before the
technique was usable

TidAMA Artificial sca water Weight loss and Agreement with weight loss
Tafcl coupons good but Tafel 50
cxtrapolation extrapoiation badly in crror
P'ure ttanium 05 m H:S04 Weight loss and Good correlation 57
Pure chromium Tafel extrapolation
MgG-SAlIZn Sea water filtered and Weight loss Excellent results with filtered 54
unfiftered water, but results from

poliarisation resistance were
significantly lower than those
from werght loss when
fouling occurred in

uniiitered sca water

Lithium Propylence carbonate Weight loss Poor quantitative agrecment 606
- LiBFgand LiCl with weneht loss; qualitative
agreement good
Pure zine 0-Sa HLSO »n 260
MNTHOH | 001 M
H202 18
Galvanising zinc De-aerated and Varicty of Good correlation 21
acrated NaCl polarisation
techniques
Zircaloy-2 Slightly alkaline Weight foss and Good correlution ca 3S 64
lithiated water Talcl
containing dissolved extrapolation

hydrogen
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Callow ¢t al.. Corraston Moutorimge usime Polarisation Resovtanee |

Summiry of polarisation resistince measurements on nichel i its alloss

40

MUETAL/ALLOY

Prypes nieh ot

Nl SCrTAL

NilSCrdAl
Ni20Cr2AL

Ni20CrdAlL
N SCe3Ti
Ni20Crd 1

MEDIUM

Plaositurnted HL.CO

CHLCKS

Woaipha fave gt
Talel
extruapolation

NilSCrile

Pure mekel

NiJOCulAllie
Ni2U-SCr9N o2 - Ste

N1-SCul -25FetMn

N Fe2ICriMo

Slighdy alkaline
hithited water
containing dissolved
hydrogen

Flowing sca water

Artificial sca water

Weight loss and
Tafel
extrapolation

Weight loss

Tafel
extrapolation and
weight loss

CORRELATION

Pocyifie 1 sinvac thpags fpaes
weight loss and Tafcl
extrapolation

Results § times those from
weight foss and Tafel
extrapolation

Good correlation with weight
loss but not Tatel
extrapolation

Good correlation with Tafel
cutrapolation but both
techniques gave 2 or 3 times
those from weight foss

i1, mV

It was not possible to
meisure the corrosion rate
clectrochemically on this
alloy in solutions contauning
significant amounts of
hydrogen

ca 24

REI,

57

Polarisation method
underestimated corrosion rate
by an order of magnitude

Good corrctat:on

The corrosion rate wis S0 low
as 10 make comparison with
weight loss technigues
meaningloss

Good correlation

54

50
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@ ROHRBACK INSTRUMVIENTS

GENERAL INFORMATION

Magna produces a variety of
CORRATER probes for faboratory
and process service. Probes
consist of two corrosion-sensing
electrodes, of the desired metal or
alloy, which are exposed to the
corrosive environment; a probe
body with appropriate fittings for
insertion into the system; and an
end connector for attachment

to the CORRATER measuring
instrument. Selection of electrodes
and probe design depend on

the conditions of a particular
application. Electrodes of the
desired material are ordered
separate from the probe and can be
easily removed and replaced on
threaded probe studs.

PROBE TYPES

LABORATORY PROBES
Laboratory probes are simply

constructed. all-plastic

body probes for use in

the laboratory or in some low-
pressure and low-temperature
process streams. Laboratory probes

R Registered Trademark

CORRATER Probe
Selection Guide

may be inserted through a rubber
stopper, held by a clamp above
an open vessel, or used with a
threaded fitting for insertion into
low-pressure systems.

FIXED PROCESS PROBES
Fixed process probes are

designed to be inserted into or
removed from a pressurized
system, such as a pipeline or
process vessel, when there is no
pressure on the system. Fixed
process probes are attached to
the process line or vessel by
threaded fittings, and are of
stainless steel construction.

RETRACTABLE PROCESS PROBES
Introduced into the system
through a packing gland mounted
external to a valve, retractable
process probes can be inserted
into or removed from a pressurized
system without a system shutdown.
As with the fixed process probe.
retractable process probes are
fabricated with stainless steet
bodies and fittings.

ELECTRODE DESIGN

Corrosion-sensing electrodes are
3/16-in.-diameter by 1l4-in.-long
threaded cylinders. Supplied
cteaned and dust-blasted, they

are ready for immediate service
without further preparation. Probes
are made to accommodate either
two identical test electrodes or two
identical test electrodes plus a
60-mil stainiess steel reference
electrode located very close to one
test electrode. The two styles
permit corrosion rate readings

to be made using either the two-
or three-eiectrode measurement
techniques.

TWO- OR THREE-ELECTRODE.

The 2-electrode probe is recom-
mended for general use. The
3-electrode probe is required only
for systems where there is a highly
resistive solution combined with

a relatively high corrosion rate
(i.e., where products of corrosion
rate times resistivity in ohm-cm

is greater than 25,000).
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ELECTRODE INSULATION. Elec-
trode mounting studs are isolated
from the probe body by epoxy or
glass. Glass is recommended for
most general purpose applications
while epoxy 1s recommended for
applications where the pH is
above 10.

ELECTRODE SEALS. O-rings are
used to protect electrode mount-
ing studs from corrosive attack.
Although the standard O-ring mate-
rial is Viton®, other compounds
such as Teflon® are available where
required. O-ring material may limit
the temperature range below the
maximum rating of 300°F.

ELECTRODE ALLOYS. The nature
of the alloy or metal to be studied
determines the choice of the
eiectrode element material.

STANDARD ELECTRODE ALLOYS.
Standard electrode alloys are
metals which are readily available
in 3/16-in. diameter rods and

are stocked by Magna as follows:

Magna No. Alloy
8001 1010 mild steel
8003 1020 mild steel
8013 304 stainiess steel
8020 316 stainiess steel
8021 316L stainiess steel
8061 Copper

EB-83,148

Bilaga A.3

1983-10-10

SPECIAL ELECTRODE ALLOYS.
Special electrode materiais are
alloys which, aithough available
in 3/16-in. rod, may not be
stocked by Magna. Availability
ot these materiais varies:

Magna No. Alloy
8005 4130 steel
8043 Carpenter 20
8048 Nickel
8054 Monel 400
8064 Alum. brass
8074 Alum. bronze
8078 Alum. 5154
8080 Alum. 1100.0
8081 Alum. 3003
8085 Alum. 2024

For element alloys not listed.
contact factory for availability. if
alloys are not available in rod form,
Magna will fabricate electrodes
from material supplied by the
customer. Contact your Magna
representative or the factory

for details.

REPLACEABLE ELECTRODES
AND SEALS

Replaceable electrodes are pack-
aged in pairs with the eiectrode
surfaces cleaned and prepared
for immediate use. All electrode

pairs come with Viton® O-ring seals.

The standard order, therefore,

is sufficient where Viton®

as a seal is suitable for the
application. When seals of a differ-
ent material or style are required,
please consuit Bulletin 791. These
special seals must be ordered
separately.

Because 3-electrode style probes
have one permanent or nonreplace-
able electrode (the reference
electrode), the 2- and 3-electrode
designs both require two replace-
able electrodes.

CABLES

Extension cables are used when
probes are beyond the reach of
the CORRATER's 5-ft. connection
cntln Table iegths L. 1o 1,000 #.
are available. All cables come

with a locking nut to assure a firm
attachment to the probe.

The table shows cable part number
required for each series of
CORRATER probes. The cables
shown will fit all probe types within
a given series whether 2- or
3-electrode and can be used with
all CORRATER instruments.

Extension

Probe Cable

Probe Type | Series ==| Part %

Laboratory 6000 and{ 60860
6100

Fixed Process{7000 and| 60860
7200

Retractable 8000 60861

PROBE RETRACTOR

A special retractor is available for
insertion and removal of 8000
Series retractable probes in
systems with pressure too high to
permit manual operation.

Specify Model Number per
Bulletin 792.
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PROBE TYPES
vmer e esgre s | ABORATORY
| s [ 6000 SERIES — 100 psi maximum rating
| [ % ) L [ 1
= Probe Probe Electrode |
iModet No. Body Insulation |
No. Elect.| Materiai Materiai
! 6012) integrat] 2 Epoxy Epoxy
r e o ouils) caole 5 LpOoXy Epoxy
PO ‘ U SN ‘OSJ) . AR e e S aﬂm:w 6112 2 Epoxy EDOXY
SERIES 6000 o113 ’ Epoxy Epoxy

FIXED PROCESS
7000 SERIES — 500 psi maximum rating

Probe Probe Electrode
Modei No. Body Insulation
No. Elect. Material Material
7012 2 304 SS Epoxy
7013 3 304 SS Epoxy
7022 2 316 SS Glass
7023 3 316 SS Glass

<
.

*

i
1

»
]

7200 SERIES — 1000 psi maximum rating

Probe Probe Electrode
Mode! No. Body Insulation
No. Elect. Material Material
7212 2 304 SS Epoxy
7213 3 304 SS Epoxy
7222 2 316 SS Glass
7223 3 316 SS Glass

SERIES 7200

RETRACTABLE PROCESS
8000 SERIES — 1000 psi maximum rating

Probe Probe Electrode
Model No. Body insufation
No. Elect. Material Material
8012 2 304 SS Epoxy
8013 3
8022 2 316 SS Glass
8023 3
SERIES 8000
Std.
Le(!gth A Dimension* B Dimension
in. in. cm in. cm
1 17.5 44 .5 247 62.9
24 235 59.7 30.7 78.1
30 295 749 36.7 93.3
36 35.5 302 42.7 108.6

*A dimension 1s with probe fully inserted in
packing gland.

Probes shown are 2-electrode. 3-electrode

All dimensions in in. and (cm) probes have identical dimensions.
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HOW TO ORDER

PROBES
Specify: Probe Modei Number and any speciai features as required.

Series :z  Specify
6000 Model No./cabie length if not standard 6-ft length

G100 muder No., uniy
7000
2200 Model No. only

8000 Model No./Length

Examples: Laboratory: 6002/30-ft. cable

Fixed: 7212
Retractable: 8003/24-in.

REPLACEABLE ELECTRODES AND SEALS

Specify: Ordering Number (60814) and Electrode Alloy Number (see Alloy Chart)
Exampie: 60814,8061

CABLE
Specify Ordering Number and length.
Example: Extension Cable No. 60861, 200 ft.

N J

ROHRBACK INSTRUMENTS LTD., 5A Oxford Road. Reading, Berks RG17QG England. tel 0734 - 582932, telex 847734
ROHRBACK INSTRUMENTS GmbH. Feldstrasse 76, 423 Wesel-13, West Germany. tel 0281-5480. telex 812756
ROHRBACKINSTRUMENTS BV, P O Box 381, Lange Nieuwstraat 123 E + F Schiedam, Netherlands 010-732113, telex 27489

M /s \ Vo m 11861 EAST TELEGRAPH ROAD
GN Instru ents SANTA FE SPRINGS. CA 90670
A division of Rohrback Corporation 213/695-0421 TELEX 67-7663

BULLETIN 871

© 1974 Magna Corp.
CORRATER U.S. Patents 3,069,322; 3,156.631: 3.250,689; 3,698.065; 3,607,673
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Instrumentspecifikationer fdr Corraters modeller

Modell 1120

O

o O

o 0 0 0O (¢

Range: 0 - 1 000 mpy in six ranges of 0 - 1, 3, 10, 100 and
1 000 mpy.

Instrument Accuracy: = 5 % of full scale.

rrobe Types: All two- or three-electrode CORRATER probes.

- - m [ T )
LrUnwCcll WO 0.0 v owmelouany wvalollalo.

Weight: 5.5 1lbs, (2.5 kg).
Package: Rugged plastic body mounted in leather case.
Operating Temperature: ¢ - 50°C.

B%f§f96cﬁ $45491% R 7 1422 gm§.4 - /2t

Modell 1172

o0 oo0oC ©

(@]

Ranges: 0 - 10 mpy and 0 - 100 mpy.

Instrument Accuracy: = 6 % of full scale.

Probe Type. All two-electrode style CORRATER probes.

Power: Four 4.5 V alkaline batteries.

Weight: 6 1lbs, (2.3 kg).

Package: Shock resistant metal chassis in durable vinyl

carrying case.

Operating temperature: 0 to 55°C.

Size: 8" H X 7 - 3/4" W x 4 -~ 1/2" D(20.3 cm x 19.7 cm X 11.4 cm)

Modell 1130

0O 000000

O

O

Corrosion Rate Ranges: 0 - 10, 0 - 100 mpy.

Control Ranges: Adjustable 0 - 100 % of full scale.

Alarm Points: Control point plus 25 % of full scale.

Probe Compatability: All two-electrode CORRATER probes.

Meter Readout: 0 - 10, 0 - 100 mpy in 20 uniform divisions.
Recorder Output: 0 - 5 VDC, or O - 1 ma standard.

Power Requirement: 115 or 230 (optional) VAC, 50/60 Hz; 10 watts.
Size: 8 - 1/2" W x 3 - 1/2" H x 9" D(21.6 cm W X 8.9 cm

Hx 22.9 cm D).

weight: 4 1lbs (1.8 kg).

Relay Outputs: Control and Alarm points rated at 18 amps
resistive, 1.4 hp capacity at 120 VAC, and 1/3 hp at 240 VAC.
Operating temperature: Range 0 - 50°C.

Model 1136

o

For each of six continuously active channels:

- Corrosion Rate Ranges: 0 - 1, -10, =100, =1 000 mpy.

- Control Range: Adjustable 0 - 100 % of full scale.

~ Probe Compatability: All two-electrode CORRATER probes.
Meter Readout: Built-in meter, switch selected toread any
channel.

Recorder Output (standard): For P/N 113661, 113662 or 113663
Recorder Panel only.

Power Requirements: 115 or 230 (optonal) VAC, 50/60 Hz;

50 watts maximum.

Size: 19" W x 5 - 1/4" H x 19 - 1/2" D.

weight: 17 1bs.

Relay-Outputs: Control and Alarm polints rated at 18 mps
resistive, 1,/4 hp capacity at 120 VAC, and 1/3 hp at 240 VAC.
Operating Temperature: Range 0 - 50°C.




STUDSVIK ENERGITEKNIK AB EB-83,148 Bilaga B.1 (1¢)
1563=-10-1C

Petrolite, specifikationer f6r instrument och

elektroder.



STUDSVIK ENERGITEKNIK AB

~- I
PETRCLIT
— 1 P R Ry

B S N T Y —— . -

Ui o~ 2
INSTRLUM =ZM7

Lab and Field Research
Portable Meter

DESCRIPT'ON

The M-103 instrument is a time-proven portable
corrosion rate monitor designed for years of
rugged use. The fully transistorized system with
a printed circuit board provides stable operation
under wide ranges of temperature and fluid cor-
rosivity. The batteries, with proper charging and
maintenance, will have years of useable life.

The PAIR (Polarization Admittance Instantaneous
Rate) technique is used to measure the corrosion
rate occurring at the time of the reading on a test
electrode mounted on a probe that is immersed
in aliquid corrodant. Measurements of laboratory
precision can be made in the field of rates as low
as 0.1 mpy and as high as 1,000 mpy.

X2

Direct mpy (mils per year) meter readings with
selector switch ranges of zero to 3, 10, 30, 100,
300. and 1.000 mpy.

Forward (cathodic) and reverse (anodic) polariza-
tion readings of the corrosion rate of the test

electrode.

Polarization source with 10-turn fine adjustment
control over the six ranges provides high stability
polarization current independent of variations in
the corrodant resistivity.

Adjustable zero center =200 mV.
Two ranges of += 100 mV and =10 mV.

Input impedance of 100 megohms with an exclu-
sive “open adjust’' control for true potentiometric
null measurements of reference-test electrodes

cell potentials.

Reference electrode current loading less than
one nanoampere.

Bilaga B.2

ER-53/148
19€3-10-10

Shunt feature to permit rapid reading of freely
corroding potential difference (offset potential)
between reference and test electrode.

Muitifunction meter to monitor battery charging
current and check battery voltage. Charging cir-
cuit can operate in any one of three modes when
connectedto 115-.0lt AC convenience outlet. Also
available for 220-volt AC power on special order.

1) Trickie-charge in INST/OFF position.

2) Trickle-charge plus normal operating current
in ON/BAT position.

3) Full charge rate (8-12 hours) in ON/CHARGE
position.

Two 6-volt nickel cadmium batteries.
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Six-foot, four-wire probe lead equipped with an
MIL environmental industrial socket connector to
mate with a connector on a PETROLITE* Probe or
on an extension lead.

Ambinnt Tompargh e Limits:
Operating —20to +110°F.
Storage —40 to +140°F,

The instrument, complete with battery charging
cord and probe {ead, is contained ina 12" x 9" x 5"
aluminum case and cover.

Weight: 8 pounds (shipping weight, 14 pounds).

The M-103 Corrosion Ratemeter is shipped com-
plete with an instruction and maintenance manual
and one M-452 meter prover.

£B-63,148 Bilaga B.3
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The M-103 instrument with standard probes can
read corrosion rates in solutions having specific
resistivities up to one megohm-cm. This includes
all aqueous systems such as steam condensates
and distilled water as well as some oil/water
emuisions.

The corrosion rates are read directly on the mpy
meter.

Partial polarization curves can be obtained with
voltage values to =200 mV and current values
to +5.5 mA.

The instrument can be operated at distances up
to 1,000 feet from probe location if necessary
due to safety, health, or convenience reasons
with the use of extension cables.
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The M-212 is an updated mode! in the M-200
series of battery-powered portable PETROLITE*
Corrosion Rate Instruments designed especially
for use in clean or well-inhibited systems where
the corrosion rates are very low. lts application is
not limited to these streams, however, as it has
ranging capabilities up to 200 mils per year full

scale readings.

An improved battery system with considerably
longer life, a more stable passive offset nulling
design and an expanded voltage-measuring ca-
pacity are additional features of the instrument.

The system incorporates a printed circuit board
with all solid-state components in a rugged plastic
housing. Aleathercarryingcasewithinternaifoam
rubber padding provides additional protection.

EB-83/148 Bilaga B.4
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All measurements are read on a single large mul-
tifunction meter. A six-foot probe iead with an
MIL environmental electrical connector is fur-
nished with the instrument.

The PAIR (Polarization Admittance Instantaneous
Rate) technique is used to measure the actual
rate of corrosion on a test electrode mounted on
a probe and immersed in a liquid corrodant as it
is occurring at the time of evaiuation. The instru-
ment is capable of direct reading measurements
from less than 0.02 mpy to as high as 200 mpy.

The PETROLITE* M-212 Instrument has propri-
etary circuits which:

1) Read the freely corroding potential difference
in miilivolts.

2) Nuil (manually) the freely corroding potential
difference (offset potential) between the refer-
ence and test electrodes.

3) Apply proper polarizing current (automatically)
between the auxiliary and test electrodes to

*Registerea Trademark, Petrodite Corporation

produce an additional 10-mV differential be-
tween the reference and test electrodes.

4) Read the magnitude of poiarizing current di-
rectly as mpy on the instrument meterface.

5) Changeimmediately the polarizingcurrent(and
mpy readouts) as corrosion intensity changes
to maintain the additional :0-mV difference
between the reference anc test electrodes.

SEC TICATIONS

“t’ matar Do o

Battery powered for maximum isolation.
Impedance: 100 megohms.

Zero center meter with positive readings to the
right and negative readings 1o the left.

Null adjustment =140 mV.
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Externalvoltage measuring capabilitiesinconjunc-
tion with range selector and mV x 10 switches of:

FULL ZCALE VALUES

+0.2 mV + 5.0mVv +100.0 mV
+0.5mV +10.0 mv +200.0 mV
+1.0mVv +=20.0 mv +500.0 mV
IL.O v ::)CO my -+ 1.0 Uik
+ 2.0 Volts

Mils ~aer “2a3r Meter Circuit:
Zero center meter with anodic readings to the
right and cathodic readings to the left.

Direct mpy (mils per year) meter readings with
range selector switch of:

0-0.2 mpy 0— 10.0 mpy
0-0.5 mpy 0— 20.0 mpy
0--1.0 mpy 0— 50.0 mpy
0—-2.0 mpy 0—100.0 mpy
0-5.0 mpy 0—-200.0 mpy

Separate anodic and cathodic polarization read-
ings of the corrosion rate of the test electrode.

g e e o e
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M-—212 Instrument without Carrying Case. » 1
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2attariag:

Two aikaline batteries for poiarization current

source.
Mallory DURACELL (or equal) MN1604. 9.0 Volt.

One mercury battery for voltage reference.
Mallory DURACELL (orequal)RM12R. 1.35Volt.
TIMERA

-
[ el

Ambient temperature limits:
Operating and Storage
—20°F to +120°F

Sizes and weights (approx.):
Net weight:
with leather case, 7 pounds.

Domestic shipping weight:
13 pounds.

Size (plus lead):
with leather case, 9" x 9" x 534",

The M-212 instrument is shipped complete with
an instruction and maintenance manual and one
M-452 meter prover.

iy
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ECUSEION

The M-212 instrument with standard probes can
read corrosion rates in solutions having specific
resistivities up to three megohms-cm. This in-
cludes all aqueous systems such as steam ccn-
densates and distilled water as well as some

oil/water emulsions.

The corrosion rates are read directly on the mpy
meter.

Instruments can be operated withoutioss in accu-
racy at distances over 1,000 fset from probe
location if necessitated by safety, neaitn or con-
venience reasons with the use of extension cables.
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independent of an external power connection
allows measurements to be made without extra-
neously induced distortion or errors. The bat-
tery-powered concept also permits maximum

portability.

The full floating, operational amplifier circuit de-
sign is very flexible and can be used for additional
measurementsotherthancorrosion rate readings.
Some of these applications are:

A) D.C. voltmeter with 100 megohm impedance.
Measurement ranges are adjustable from
0+=200 microvolts to 0+2 voits by selector
switch setting on the instrument.

BY Zero resistance D.C. ammeter. Measurement
ranges are adjustable from 0-0.11 microam-
peres to O-1.1 milliampere by selector switch
setting on the instrument. Current measure-
ments at selected resistance values above zero
can also be made.

C) Additicnal potential ranging (0=1,000 mv)
can be provided with a PETROLITE* M-3/0
Adjustable Null Unit.

- . - Sy e

— -t

Any 200 Series instrument can also be used to
measure conductivity or equivalent Total Dis-
solved Solids content of water. Depending on the
instrument model, readings from less than 10
micromhos to more than 200 millimhos can be
obtained using a PETROLITE M-5803 Conduc-
tivity Cell to complete the system.

See Accessoriessectionforadditionalinformation.

*Registered Trigemarx Patrotite Corpof ation
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TheM-1010 isafullytransistorized instrument
for research study and/or industrial process mon-
itoring. Adaptable to process control. Designed
for shared time readings of from one to ten probes
under wide ranges of corrosion rates. Meter read-
ings and recorder output signals are linear and in
direct ratio with the corrosion rate.

An M-1010  Ratemeter System consists of the
following:

A)
B) :

The controlled current (Cl) operating mode is
standard for the M-1000 Series systems.

)y . for Ten-Station Capability. Com-
plete with MIL environmental probe lead
connections.

M-1368 and M-1369 Five-inch Mosley 680

Strip Chart Recorder with event marker. spe-

ciai pens, service kit and initial supply of chart

rolfs. Instrument cutput trim adjusted to re-
corder attimeof assembiy into combining case.

or

M-1368-EW and M-1369 Recorder and Com-
bining Case as above except that servo pen,
event marker and chart rolls provided for elec-
tro-writing instead of wet ink tracing.

Decision on electro-writing or wet ink option
must be made at time of ordering the recorder.

\.\:..-,. - -

The PAIR (Polarization Admittance Instantaneous
Rate) technique is used to measure the actual
rate of corrosion on a test electrode mounted on
a probe and immersed in a liquid corrodant as it
is occurring at the time of evaluation. The instru-

BRilaga B.7

CB-863,148
19€3-10-10

. 3
FRPRETR WSSOI Ty PO T2 T

ment is capable of direct reading and recording
measurements of less than one mpy and as high
as 1,000 mpy.

The PETROLITE*Instrument has proprietary cir-
cuits which:

1) Correct for the freely corroding potential dif-
ference (offset potential) between tnereference
and test electrodes and calibrate for an addi-
tional 10-mV differentiai between these elec-
trodes irrespective of their existing half-cell
potentials. The offset potential may be read
on the recorder at this time.

2) Apply proper polarizing current between the
auxiliary and test electrodes to produce this
additional 10-mV differential between the ref-
erence and test electrodes. As the reference
etectrode remains in a freely corroding state,
the full 10-mV shift is produced on the test
electrode.

3) Read the maeniude of polarizing current di-
rectly as mpy & the instrument meter and
recorder.

4) Immediately change the polarizing current
(ana mpy readouts) &s corrosion intensity
changes ‘o maintain the zaditional 10-mV dif-
ference between the refarence and test
electrodes.

S AR
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SPECIT TTATIONS

1)115- Vo!t, 60Hz, line operated (can be fur-
nished as a special in other voltages and
frequencies). Recommended installation in
Iaboratory Process control room or other
LDZEUSh wilt sumilar protection. ruoldrized
male fitting on line connector.

2) Operabte in solutions with specific resistivi-
ties up to 10 megohm-cm.

3) Individual on/off toggle switches to selective-
ly activate each station as desired.

4) Mpy ranges on selector switch for each sta-
tion, individually set.

0-1 0-5 0-20 0-100 0-500
0-2 0-10 0-50 0-200 0-1,000

Individual station on/off toggie switches and
mpy range selector switches for 10 stations
are provided on all M-1010 instruments.

5) Indicator light to identify station in operation.

6) Meter for visual corrosion rate readings.
Meter system has adjustable high corrosion
rate relay contacts (max. 2 amps at 115-volt)
activated for the last 10 seconds of corrosion
rate measurement on each operating station.

7) Total station polarization time is adjustable
between 1-30 minutes.

8) Panel selector (ABC switch) for all anodic,
all cathodic or alternate anodic/cathodic mea-
surements. In the anodic/cathodic position
all active probes are sequentially read. first
anodically and then sequentially cathodically.

9) Automatic offset potential nulling and cali-

ER-83,148 BRilaga B.8
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brating prior to each corrosion rate reading.

10) Dual range offset potential zeroing capability
to permit use of regular as weil as optional
reference electrodes such as standard Cal-

L1 N -/ i alial
.;.'.C". e 200 V.

Al b€ it

11) Offset potential (true difference in freely
corroding half cell potentials between test
and reference electrodes) measurement with
on/off switch for recording capabilities.

12) Chart saver switch to activate the recorder
only during the last 10 seconds of station
clock time. The alternate poition of the
switch permits full time recorder use.

13) MIL environmental type fittings on in-
strument case for probe electrical lead
connection.

14) Dimensions—

Instrument Recorder Assembly: 1634" x 181"
x 634"

15) Weight—
Instrument, recorder and case: ap-
proximately 40 pounds.

Each instrument with combination instrument
and recorder case is readily adaptable to bench,
rack or panel mounting. Support brackets for
panel or rack mounting are supplied with the
assembly.

The system can be centrally located and probes
installed miles away without loss of accuracy
when using four-conductor extension cables.

%

g s



STUDSVIK ENERGITEKNIK AB

[

iNS: U‘\.: ENT
Automatic Industrial Model

DESCRIPTINN

The M-2000 Series instruments are designed
primarily for continuous industrial monitoring
applications with special emphasis placed on
simplicity, reliability and compatability with pro-
cess plant conditions.

The M-2000 Series Industrial Model assembly
consists of the following:

1) Instrumentcarrierand protector. Thisisslightly
smaller than a 6” x 6" panet cutout and will slip
into the panel from the front. The case is 1934"
deep and requires a minimum of 24" total be-
hind the panef for cable connections. Two
adjustable support and mounting clips are
provided to hold the instrument package in the
instrument panel cutout.

2y M-2000 instrument package. This will be
housed in the top 3" x 6" section of the instru-
ment carrier and protector described above.

3) Visual readout (analog or digital meters) and
active station indicator lights are designed for
the M-2000 package as indicated in the photo-
graphs on succeeding pages.

Note: Two styles are offered.
a) M-2002 digital readout with movable deci-
mal point. Four digit meter.

b) M-2003 analog panel meter.

TPECIE LTINS
Rear Connections
[nputs:

a) 115-voit AC =10%, 60 cycle, single phase,
50-watt. (avatlable on special order in other
voitages and frequencies).

b&c) Two stations, 4-wire leads from PETROLITE*
Probes. Probes may be installed miles away
from the instrument without foss of reading
accuracy.

ZB~63, 148 Bilaga B.9
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Outputs:

a) Recorder signal connections O to =10 volts
at 2k cutput impedance (short circuit pro-
tection). Linearly propertional to selected
mpy range. Recorders with less than 10 volt
full scate signal input may be matched to
the instrument with an adjustable span
resistor.

b) Alarm or control circuit energizing connec-
tions (if used) active during last 10 seconds
of each individual probe reading.

Front Mounted Indicators:
a) Two active station signal lights.

b) Digital or analog panel meter.

Internal Adjustments:
a) Range selection switch for 20 or 200 mpy
(maximum).

b) Adjustable total reading time cycle from S to
55 minutes.

¢) Anodic or cathodic polarization mode.

TR TN

The PAIR (Polarization Admittance Instantaneous
Rate) technique is used to measure the actual
rate of corrosion on a test electrode mounted on
a probe end immersed in a liquid corrodant as it
is occurring at the time of evaluation. The module
will produce direct mpy readings on a digital or
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analog meter (see option below) furnished by
Petrolite .

The PETROLITE* Instrument has proprietary cir-
cuits which automatically:

1) Correct for the freely corroding potential dif-
foronza(cfizctnotentia) betwzenthersferorce
and test electrodes and calibrate for an addi-
tional 10-mV differential between these elec-
trodes irrespective of their existing half-cell

potentials.

2) Apply proper polarizing current between the
auxiliary and test electrodes to produce a
10-mV shift, balancing the 10-mV differential

ZB-33,148 Bilaga B.10
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applied above. As the reference electrode re-
mains in a freely corroding state, the full
10-mV shift is applied on the test electrode

surface.

3) Produce signal on external terminals for cor-
rosion rate readings on recorder. Length of
total reading ume cycte aajustaoie rrom 5-55
minutes set by the user.

4) During the last 10 seconds of the reading, close
contacts on an alarm/control signal relay if the
equilibrium corrosion rate is above a value
preselected by the customer. (Operable only
if optional alarm module is used.)

(MY~
(N AURU PR

M-2002

Instrument as above with digital meter for visual
mpy readings. Meter has movable decimal point;
output will be direct mpy values.

*Registered Tragemark, Petrolite Corporation

M-2003

Instrument as above with anatog meter for visual
corrosion rate readings. Full scale readings with
zero on left hand side. Meter readings will be
instantaneous values of the active station and will
correspond directly with the recorder signal. The
readings will be percentage of full scale meter
values.

Any 2000 Series instrument can be adapted to
provide alternate conductivity measurements
along with normal corrosion rats -eadings.
Depending on the system, readings as fow as
10-20 micromhos to as high as 200 miilimhos
can be obtained using a PETROLITE M-5803 Con-
ductivity Cell connected to one of the instrument’s

stations.
See Accessariessection faoradditionalinformation.
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M-3000 Series

Rilaga B.11
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Petrolite’'s newest instrument series, the Model 3000 series, is rapidly establishing

itself as the new standard for industrial corrosion rate monitoring.

M-3010

The Petrolite Modet M-3010 is a low cost, automatic,
compietely computer compatible corrosion monitor-
ing system. This compact, single station, rack mount-
ahte, instrument features special output circuitry that
allows a direct interface with most industrial com-
puters and process control systems. Six, standard.
front panel selectable outputs provide easy matching
of instrument output characteristics to computer
input requirements.

Instantaneous corrosion measurements as low as
0.05 MPY and as high as 1,000 MPY can be mea-
sured and recorded by the M-3010 using conven-
tional Petrolite Probes and Electrodes, while con-
ductivity measurements in millimhos, can be made in
the same ranges as for corrosion using a Petrolite
Conductivity Cell. For corrosion measurements, the
nstrument has a useable cycle time, continuously
adjustable, between 5 and 50 minutes. For conduc-
witity measurements, a standard 0.5 minute cycle
time is provided.

Measurements are displayed on an integral recorder
that provides a 30 day record of conductivity or
corrosion readings as well as providing visual access
to the last 24 hours of recorded data. The instrument
is equipped with alarm circuitry that will activate an
alarm system should the measured corrosion rate or
conductivity level exceed the limits set by a front
panel control. Specifications and an outline drawing
of the Mode! M-3010 are shown on page B-8.

M-3015

The Petrolite Model M-3015 is a low cost, automatic
D-C powered corrosion monitoring system. This
compact, singte station, rack mountable instrument is
designed to be operated from a positive 12 volt/nega-
tive 12 volt power source consisting of either bat-
teries or a solid state power supply.

The Model M-3015 provides the same capabilities
as the Model M-3010 but without the special output
circuitry for direct interfacing with industrial com-
puters or process control systems.

The features of the M-3015 Instrument makes it an
ideal choice for remote pipeline locations or un-
manned offshore platforms. Specifications and an
outline drawing of the Model M-3015 are shown on
page B-8.

M-3011

Petrolite's Model M-3011 instrument provides the
same capabilities as the Model M-3010 but without
the recorder, thus lowering the cost to customers
with recorders on hand or who definitely intend
computer interfacing. The instrument, using option-
al hardware can be mounted in standard 13-inch
racks. A 0-10 volt instrument output is conveniently
available at the rear panel of the instrument for
recording the dataifrequired. Specifications and an
outline drawing of the Model M-3011 are shown on
Page B-8.
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SPECIFICATIONS
Functions: Corrosion in mils per year

or

Conductivity in mitimhos
Ranges 0-020-050-10

0-20.0-50.0-100
0-200,0-500.0-1000
0-200.0.0-500.0.0-10000
Selectabie from tront panei

EB-63/148 Rilaga B.12
1963-10-10
M-3000 SERIES

M-3010
DIMENSION DRAWING
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Display: integral inkiess recorger I
Alarm Controt: Continuousty vanabie atarm set ~ = - -
point ag percent of tull scate RS — N
Alarm Outputs: Normaity open atarm - comtacts B . .
. 115vac at 5 amps/normaity closed = | JE .
alarm - contacts 115 vac at § . . = §
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Outputs: 0-40MA O - 16 MA O -4 MA i .
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Power B PRI e "‘I XN :l\:m
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Hz Line Voltage Sources e oy —
Mounting fg—tep—t—r—~ gy ——
Requirements: Standard Nema 19 inch, hatf panel ﬁ
Options: 2 umit weatherproot housing
1 unit weatherproot housing
M-3015
[ - e e e : SPECIFICATIONS:
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. or
R . = et % Conductivity in milimhos
e T s o= Ranges: 0-02.0-050-10,
i 2 s e ": 0-20.0-05.0-100.
B S f 0-200.0-500,0-1000,
— - prempr——
B = 4 0-200.0. 0 - 500.0.0 - 1000.0
: i ] Selectable from front panei
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N ‘ TS ; Dispiay: integrat inkless recorder
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- W : . of full scale
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M-3011
- - - i
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or o, = — S—
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50/60 Hz. 120 vac 50 680 Hz 220 * e
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PRCEES

for PFTROLITF®
Corrosion Rate
Instruments

Note: All probes will be supplied with MIL envi-
ronmental electrical connectors unless specifical-
ly ordered otherwise.

M-501E Laboratory Probe

Non-pressure construction of
Teflon*. Used primarily for preliminary laboratory
tests in open beaker.

Size: 2" dia. x 234" overall.

Weight: approximately 4 ounces.

M-502E Laboratory Probe
Assembly

For insertion into glass beaker or retort
through a No. 7 stopper. Snap-on electrical har-
ness arrangement is ideal for comparative testing
of three different metals or alloys by switching
test-reference-auxiliary electrode connections. it
is also convenient for substitution of calomel (or
other) reference electrode into the PAIR system.
Assembly consists of the following:

a) Neoprene stopper (No. 7) with triangularly
oriented 4" diameter holes for electrode ex-
tension rods.

b) Three electrode extension rods, 4" diameter
by 11%" long. No. 5-40 thread one end for
electrode attachment and other end reduced
to %" diameter for electrical connection.
Penton** coated.

c) Electrodes harness to connect electrode ex-
tension rods to instrument cable through MIL

*Trademark, E. I. duPont de Nemours & Co.
**Trademark, Hercules Powder Co.

Rilaga B.13
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environmental fittings. Connecticnsreferenced
by molded rubber knobs on rod connections
as follows:

1 row of knobs—for reference electrode
2 rows of knobs—for test electrode
3 rows of knobs—for auxiiiary electrodes

Complete with one removable alligator clip
connector.

NOTES:
Neoprene stopper can be provided for No. 9
with in-line oriented 4" diameter holes for
electrode extension rods.

Size: 11" long x 114" dia. (‘ess harness).

Weight: approximately 4 ounces.
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Designed for use with Cosasco high-pressure re-
placement system. Adapts to Cosasco Hollow
Ptug Assembly, Part No. 120954 that instalis into
Cosasco Nipple, Part No. 120543, MIL environ-
mental electrical fitting.

Length: 815" overall (less electrode min.)
Weizht: ancravimately 114 pounds,

NOTE: Cosasco Plug Assembly not included in
above.

(Special Order)

M-555E Flush Mounted Probe with
Replaceable Electrode
Assembly

This probe is designed for insertioninto any of Grant
Qil Tool, COSASCO Division nominal 2-inch, 3000#
series fittings. The highly accurate, concentric ring
design replaceable electrode assembly is easily
replaced by simply unscrewing the old assembly,
connecting three wires, and screwing the new
assembly in place after which the probe is re-
installed in the pipeline access system. Typical M-
555E fitting installations include: Buttweld, using
COSASCO part number 124043; NPT, using
COSASCO part number 120543; Socket, using
COSASCO part number 120193; and Flareweld,
using various COSASCO part number fittings de-
pending on inlet style and size. Complete COSASCO

EB-63,148 Bilaga B.16
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fitting information is available from Petrolite

Instruments.

As probe length varies with pipe diameter and
pipewall thickness, both of these parameters must
be specified at time of order to ensure accurate
probe positioning with designated COSASCO fitt-
inas. The M-555E probe can aiso be manufactured
to be compatible with the COSASCO 6000+# series
fittings. This must be requested at time of order in
addition to specifying pipe diameter and pipewall
thickness.

NOTE: The COSASCO part numbers listed in this
description are not intended to be all inclusive, but
rather to serve as an exampie of the standard
fittings that are available.

Size: 6.153 inches.

Weight: approximately 12 pounds.

Pressure Rating: 4000 psig.

Temperature Rating: 200°F.

M-540E Flush Mounted Probe

This probe is designed for insertion into a T.D.
Williamson 2-inch nominal fitting available from
Petrolite Instruments complete with solid brass
plug. The probe and butt weld fitting are designed
so that the end of the probe will be exactly flush on
the inside wall of 2 0.25-inch thick pipewall. Pipewall
thicknesses other than 0.25-inch can be accomo-
dated by special probes and fittings. Pipewall thick-
ness should be specified at time of order. There are
additionai charges for special lenghth probes.

Size: 5.687 inches.
Weight: approximately 12 pounds.

Pressure Rating: 1440 psig during insertion and
retrieval.
3600 psig operating.

Temperature Rating: 200°F.
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Unless specifically requested as an extra, the
probe is shipped without packing. This permits
selectivity of packing material as preferred by
the user or as required by the application. (A
suggested all-purpose packing is a square Teflon
filament type Belmont* No. 3090 or equal.)

The M-511 Probe can be inserted and retractea
thranioh a 1147 fyll diameter onenino. (Caption
some gate and ball valves have reduced ports of
other than circular cross section.)

An advantage of the M-511 Probe is that it uses
the replaceable electrodes and other design fea-
tures of the M-510 Probe on a smaller base. It can
be positioned in a desired location into a pipe and
can be inserted and withdrawn without disrupting
a continuous process.

Length: 40" long overall (less electrode).
Weight: approximately 11 pounds.
Pressure Rating: 600 psig.

Temperature Rating: 300°F.

M-511SSE

The M-511 Probe is also available with ali-
wetted parts of 304 stainless steel. (Sold without
electrodes.)

M-512E Industrial Extension Probe
with Set-A-Length Feature

in instances where the M-510 Probe electrodes
will not extend into the stream far enough to
experience representative process conditions, the
M-512 industrial Extension Probe can be used.
The probe’'s depth into the stream can be adjusted
by the ''set-a-length’ feature. Once the length
has been set, however, further adjustment up or
down the probe shaft cannot be made. The M-512
Probe has been used at pressures up to 2,000
psig. 114" NPT connection.

It also usesreplaceable electrodes and has similar
advantages to those described for the M-510
Probe.

The M-512 Probe requires a 114" minimum diam-
eter opening for installation and retraction.

Length: 29" overall (less electrode).
Weight: approximately 4 pounds.
Pressure Rating: 1500 psig.
Temperature Rating: 400°F.

*Trademark, Belmont Packing & Rubber Co.

EB~563, 148 Bilaga R.15
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M-512SSE

The M-512 Probe is also available with all-
wetted parts of 304 stainless steel. (Sold without
electrodes.)

M-818E Manlded Standard Probe

The M-515 Molded Standard Probe is offered as a
more moderately priced alternate for the M-510
Probe or where the 2" NPT base on the M-510 is
prohibitive.

The probe has all nonmetal wetted surfaces of
Viton*. Viton should not be used in strong or hot
(above 100°F.) alkali, acetaldehyde, acetic acid,
acetone or diacetone, amines, amyl or butyl ace-
tate. amyl chloride, butyric acid, chromic acid,
or chioroform.

The M-515 Probe has a 1" NPT mild steel base.
The design has been tested to 10,000 psig and
300°F. Customer should apply his own operating
pressure {imit in accordance with good practices.
It is recommended this not be above 1,000 psig.
Probes with bases of metals other than mild steel
available on special order.

The M-515 Probe uses the replaceable electrode
feature.

Size: 3" long overall (less electrode).

Weight: 7 ounces.

Pressure Rating: 1000 psig.
positive only.

Temperature Rating: 300°F.

M-535E Special Industrial
Probe Assembly

For adapting to Grant Oil Tool Company's
Cosasco** Access Fitting.

Industrial probe design using the special glass-to-
metal seals and replaceable electrode elements.
Can be supplied with length of insertion set by
customer.

g =S

M-—535 Probe with Cosasco Plug Assembly

*Trademark, E. |. duPont de Nemours & Co.
“*Trademark, Grant Qil Tool Co.
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M-503E Lab Bottle Probe Assembly

This as-
sembly consists
P P

scribed in
M-502 (A), (B)
and (C) plus a
special 500-ml.
Pyrex bottle as il-
lustrated. Can be
used as M-502
with mechanical
stirrer or liquid
flow-through with
external pump
system.

One-square-inch
gasketed open-
ing for strip metal
test electrode.
Test specimens
of from 30 gauge
to 14" thickness
can be accommo-
dated. Complete

with gasket and retaining springs. Designed to

withstand internal pressure equivalent to boiling
water at one atmosphere absolute.

Size: 34" min., 6" max.

Weight: approximately 2 pounds.

M-504E AA Lab Cell/Probe Assembly

This assembly consists of a one liter glass jar
complete with a fitted Teflon top having 4 holes,
three with Swagelok fittings. The assembly also
includes three Kelf coated rods and a four-wire
electricat harness.

Size: 14 inches.
Weight: approximately 2 pounds.

M-508E Standard Industrial Probe

The M-509EF standard industrial probe is built on a
1'% -inch NPT forred steel pipe plug. Because of the
smaller physical size of the probe base, a triangular
electroge configuration 1s used on the M-509E
probe rather than the in-ine configuration of most
other Petrolite standard industrial probes.

EB-33,/148
19683~106-10

Bilaga B.14

Size: 28" long overall (less electrode).
Weight: approximately 1 pound.
Pressure Rating: 2000 psig.
Temperature Rating: 400 F.

ivi-o 10E Standara inaustrial Probe

The M-510 Standard Industrial
Probe is built on a 2-inch NPT 6,000 psig forged
steel pipe plug. The electrical feed-throughs are
special glass-to-metal seals.

The M-510 Probe Assembly design has
been tested to the limit of available test facilities
at 10,000 psig and 600°F. individual units are
to be rated by the customer in accordance with
his standard practices for commercial pipe
fittings.

The M-510 Probe is the design most commonly
used. It has the advantages of using replaceable
electrodes, is economical, and of high-pressure
design.

Size: (with shipping protector) 234" dia. x 4"
high.

Weight: approximately 134 pounds.

Pressure Rating: 2000 psig.

Temperature Rating: 400 F.

M-510SSE

The probe is also available in 304 stainless steel
construction. (Sold without electrodes.)

M-511E Industrial Extension
Probe with Packing Gland

In instances where it is desirable to
insertand retract a probe into and out of a flowing
stream under pressure without a shutdown, the
M-511 industrial Extension Probe with packing
gland may be considered.

The packing gland can accommodate up to six
rings of 14" square packing. It carries nominal
rating of 600 psig. 1%%" NPT connection.






