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|. Principlesof Operation and General I nformation

I ntroduction

Metd Samples Electrica Resistance (ER) monitoring systemsusethe principleof electrical resistance
to determinethe average corrosion rate of ametal specimenimmersedinacorrosive environment. The
electrical resistance of ameta specimenisaphysica property dependent on the specimen’sphysical
dimensions(length, width and thickness), and on themetal’ sinherent resistivity whichisafunction of
temperature. All other factorsremaining constant, any decreasein thethicknessof ameta specimenwill
increaseitsresstance.

Electrica Res stance monitoring systemsare used in process systemsfor which appropriately designed
ER probesareavailable. Such systemsinclude nonaqueous, nonconductive process streams, aqueous
systemswhere erosion-corrosion occurs, and process streams having either apredominant liquid or
vapor phase. Examples of industrieswhere such process streamsare found include chemical plants,
refineries, gas plants, oil and gas production systems, paper mills, power plants, and tank farms.

A basic ER monitoring system congstsof the M SO500 Electrical Resistance Monitor withintegral probe
cableand an ER probe (see Figure 1). The portable M SO500 monitor isalightweight, battery-powered
instrument designed for taking el ectrical res stance measurementsin alaboratory or processenviron-
ment. A singleinstrument can be used with several ER probesinstalled at widely separated | ocations
because connection to aprobeisrequired only at thetime aresistance measurement istaken. The

M S0500 monitor’s portability and ease of operation allow an operator to carry the M S0500to an ER
probelocation, connect the monitor to the probe, and take aresi stance measurement in only afew
minutes.

Inorder to minimizethe effectsof signal lossthat can occur in probe extension cables, theintegral
M S0500 probe cableincorporatesasignal -boosting transformer. Thishel psto ensure accurateinstru-
ment measurementswhen the M S0500 and ER probe are used with an extension cable.

Figurel. MS0500 Electrical Resistance Monitor
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Theuse of Metal Sampl es shielded extension cablesallowsthe M S0500 monitor to be operated at
distancesof up to 1,000 feet from the ER probelocation. Shielded extension cablesare covered witha
protective coating that shieldsthe cablefrom stray el ectromagnetic fields. Metal Samplesshielded
extens on cables must be used with the portable M S0500 monitor. The use of other cablesmay alter
probe-to-instrument signal sand result in erroneousinstrument readings.

Each M S0500 issupplied with ameter prover. Themeter prover isused during the performance
verification procedures, Verifyingthat the ER Monitoring I nstrument Oper ates Proper ly, that
begin on page 14. Each M S0500 iscaibrated during final assembly and calibrationisverified prior to
shipment; however, the operator can check themonitor’scalibration and function by following the
performance verification procedure. If instrument mishandling or damage makesrecaibration necessary,
return theinstrument to Metal Samplesfollowingthelnstructionsfor Returningthelnstrument for
Repair on page27.



Principles of Operation

TheM S0500 monitorsthe changein el ectrical resstanceoccurring at an ER probeingtaledinan
experimental or actual processstream. All Metal Samples ER probes contain acontinuous sensing
device. Sothat the probe obtainsrelevant corrosion data, this sensor must be constructed of the same
metal common to the process system of interest. Each sensor isdividedinto“ elements’. All ER probes
haveameasuring element and ar efer ence element connected in series. Themeasuring element is
exposed to the corroding environment. Theresulting loss of metal decreasesthe measuring element’s
thicknessand causesan increaseinthe el ement’sresistance. Thereference el ement isprotected from
the corroding environment and retainsitsorigina thicknessand res stance.

Themeasuring circuit of aMetal Samples Electrical Resistance Monitor doesnot directly measurethe
measuring e ement’schanging res stanceto eectrica current flow. Instead, instrument circuitry measures
theratio of theres stance of the corroding measuring e ement to that of the protected reference element.
M easuring theratio éiminates ambient temperature dependency from theresi stance measurement. The
instrument then convertsthe eectrical resstanceratiotolinear “ units’ that aredisplayed onthe
instrument’sdigital indicator, the Probe Reading Did (refer to Table 1). Substituting Probe Reading Dial
unit readoutsinto specia formulas permitstheresearcher to determinethe measuring element’smetal
lossand average corrosion rate. Theseformulas appear in Deter mining Milsof M etal L oss (page
16) andin Deter mining Corrosion Rate (page 17).

When measuring the e ectrica resistanceratio, the Metal SamplesER Monitoring System sumsthe
electrical resi stancesoccurring at each crossectional point or areaa ong the measuring el ement’ slength.
TheER instrument interpretsthe el ectrical resistance sum asbeing divided equally among the measuring
element’scrossectional areas. Probe Reading Dial unit readoutsthereforeindicatethe measuring
element’selectrical resistanceand metal lossasbeing uniform or equal at each of themeasuring
element’scrossectiond areas. However, thismay not bethe casefor al corrosion measurement situa
tions.

If corrosion occursuniformly over the measuring element’ ssurface, then theelectrical resistanceat each
of themeasuring e ement’s crossectiona areaswill beequal and will increaselinearly ascorrosion
progresses. However, if localized pitting corrosion occurs, the el ectrical resistance of the crossectional
areaswhere pitting takesplacewill increase nonlinearly and causethe Probe Reading Dial toindicate
substantial corrosonwheninfact overall corrosionisnot asgreat asindicated. (Thisisespecialy true of
wireloop elements.) A pit can gresatly decreasethe areaat the crossectiona point whereit occursand
subsequently greatly increasethat crossectional point’selectrical resistance. Thesum of electrical
resistancesoccurring at al crossectional areasalong the measuring eement’slength will thereforebe
weighted toward those crossectional areaswhere pitting hasoccurred. If pitting continues, the summa:
tion of dectricd resstanceswill continuetoincrease nonlinearly until themeasuring dementisfinaly
served by apit. The ER probewill then become nonfunctional. (Cylindrical e ement probesare consid-
erably lessaffected by pitting and may be substituted for wireloop probeswherever pittingisaprob-
lem.)



Probe Reading Dia unit readouts al so correspond to the measuring element’sfunctional thickness.
Thefunctional thicknessfor all Metal Samples measuring element types, except for wireloop e ements,
isone-half theel ement’ sthicknesswhen new. Thefunctional thickness of awireloop measuring element
isone-quarter of the element’ sthicknesswhen new. The Probe Reading Dial iscalibrated from 000
(zero) to 1000, and each whole number on the Probe Reading Dial represents0.001 of the measuring
element’sfunctional thickness. Probe Reading Dial readoutsincrease as corrosion progresses. For
example, areading of 750 indicatesthat 75% of the measuring €l ementsfunctional thicknesshasbeen
lost to corrosion. Theinitial Probe Reading Dial unit readout takenwhen aprobeisfirst installed will
vary from 000 to 100.

Some ER probe sensors have athird element called acheck element. Likethereference element, the
check ement isprotected and retainsitsoriginal thicknessand el ectrical resistance. The check element
isused inameasurement processthat quickly identifies defective probeswhich haveleaked and caused
the check element to corrode. When theinstrument’s Probe Selector (refer to Table 1) ispositioned at
CHECK, theéelectrical resistanceratio between the reference and check elementsis measured and the
equivalent unit reading isdisplayed on the Probe Reading Dial. Since both reference and check elements
areprotected, their res stanceratio remainsvirtualy unchanged unlessthe probe’ sinternal components

become damaged.
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Figure2. Four Resistor BridgeCircuit

TheER Monitoring System’selectrical resistance measuring circuitisafour-resistor bridgecircuit (as
showninFigure2). A detector, located within instrument circuitry, indicatesanull condition (balance)
whentheratio of resstor One(R)) over resistor Two (R,) equalstheratio of resistor Three (R,) over
resistor Four (R,). Thevauesof bothR, and R, areknown. R, isanon-corroding, compensation
resistor whosevalueisa so known. Sincethevaluesof threeresistorsare known, the unknown R3
value can be determined.

Resistors One and Two are connected in seriesand arelocated withininstrument circuitry. These
schematic resstorsconsist of asingle variable potentiometer and two fixed resistors. Thetwofixed
resistorsare part of thedetector’scircuitry. Thereisonepair of fixed resistorsfor each Probe Selector
position (refer to Table 1). The selection of adifferent set of resistorsfor each Probe Selector position
allowstheinstrument’s Probe Reading Didl to standardize measurements of the probes’ metal loss.



Resistor Threeisthe exposed measuring e ement. Since the measuring €l ement isexposed to corrosion
attack, itsresistor valuewill change over time. Resistor Four isconnected in serieswith resistor Three.

L ocated withinthe probe, resistor Four isthe protected reference e ement whose valueisfixed. Turning
the Probe Reading Did to null theinstrument’sMeter (refer to Table 1) causestheratio of resistorsOne
and Twoto approach theratio of resistors Three and Four (the measuring and reference el ements).
Whenthetwo ratiosareequal, theinstrument’sMeter isnulled and the Probe Reading Dial displaysthe
corrosion readout.

Theresigtivity of ameta specimen istemperature dependent, but the operation of the ER Monitoring
System’smeasurement circuitry isrelatively independent of the process stream’ stemperatures. Tem-
perature changes affect the resistance of both the exposed measuring element and the protected refer-
ence and check el ementsin the same manner. Temperature fluctuations as high as 5°F./minute can occur
without atering ER Monitoring System performance. However, if the processstreaminwhichthe ER
probeisinstalled undergoesamorerapid changein temperature, thetemperature of the exposed
measuring el ement will changemorerapidly than will thetemperature of either the protected reference
and check € ements. Readingstaken before all elementshavereached equilibriumwill thereforebein
error. Fortunately, errorsdueto temperaturefluctuations are temporary and non-cumulative. When the
temperature of the process stream stabilizes, exposed and protected elementswill beinequilibriumwith
the process streamin just afew minutes. For moreinformation onthe Effectsof Temperatureon ER
probes and elements, refer to page 38.



Thefollowing table providesthe user with abrief introduction to thefunction and location of the
M S0500 controlsand features. The use of each control and featureisdiscussed in greater detail inlater
sectionsof themanual. Refer to Figure 1 whilereading thetable.

TABLE 1. M S0500 Controlsand Features

DESCRIPTION FUNCTION

Function Selector A five-pogition rotary selector located at theleft-hand
sgdeof theinstrument’scontrol pand. Thefunction of
each pogtionisasfollows:

OFF - Turnstheinstrument off. To avoid depleting
the battery charge, awaysturn the Function Selec
tor to thisposition whentheinstrumentisnot in use.

NORMAL - Thispositionisused when corrosion
and check readings aretaken. M ost readingswill
betaken with the Function Selector turned to this

position.

HIGH - Thisposition may sometimesbe used when
corrosion and check readingsaretaken. This
position providesgreater meter sendtivity thanthe
NORMAL position.

NOTE

Changing thesensitivity settingwhiletakinga
corrosion or check reading will not changethe
instrument’ saccuracy or Probe Reading Dial unit
readout (refer to the description of the Probe
Reading Did).

+V - Thispositionisused to check the charge of the
instrument’ spositive battery. When the Function Se
lector isturned to thisposition, the battery isunder
load. If thebattery isfunctioning properly, the meter
needlewill enter themeter’sright-hand sideandre
maininthesguarelabeled +V.

-V - Thispositionisused to check the charge of the
instrument’snegative battery.



DESCRIPTION

Probe Selector

FUNCTION

NOTE:

When the Function Selector isturned to thisposition, the battery
isunder load. If the battery isfunctioning properly, the meter
needlewill enter themeter’sleft-hand sdeand remaininthe
squarelabeled - V.

If the meter needle does not behave as described above, check
thebattery charge by following theinstructionsoutlined on page
25.

TheProbe Selector islocated inthe center of theinstrument’scon-
trol panel. Three of the selector positions correspond to probe
element configurationsand are used in proceduresfor corrosion
readings. Thefollowing describesthefive Probe Sel ector posi-
tions

WIRE - Turnto thisposition when operating the M S0500in con-
junctionwith aprobehaving awire element.

TUBE - Turnto thisposition when operating the M S0500in con-
junctionwith aprobe having atube or strip €l ement.

SPEC - Turn to this position when operating the MS0500 in
conjunction with Metal Samplesspecial probes(for example, the
cylindrical e ement probe).

NOTE:

Oncethe measuring element’ sfunctional thicknessisdepleted
(equivalent to aProbe Reading Dial readout of 1000), measure-
mentsmadewith the Probe Selector inthe WIRE, TUBE or SPEC
position will nolonger provide accurate corrosion data.

DUAL - Thispositionisnot presently used. Inthefuture, it will be
used with Metal Samplesprobescurrently being devel oped.



DESCRIPTION

ProbeReadingDial

M eter

ProbeCableand
Transformer

FUNCTION

CHECK - Turning the selector to the CHECK position
enablestheinstrument to measuretheratio of theelectrica
resistance of thereference element to that of the check el ement.
Theresistanceratio of the protected reference and check
elementsshould vary littleover theoperationd lifetimeof the
probe. Largevariationsindicatethat interna componentsof the
probe have been damaged.

Thisbalance potentiometer islocated inthelower right-

hand corner of theinstrument’scontrol panel. Cdibrated from
000 (zero) to 1000, each dial unit (whole number) represents
0.001 of the measuring e ement’sfunctional thickness. Turning
thiscontrol providesnumerical valuesfor corrosion and check
readings. Thenumerical corrosion va ue can be substituted into
formulas(refer to page 16 & 17) to determinethe measuring
element’stotal metal loss(in mils) and theaveragecorrosionrate
(inmilsper year) occurring at the probelocation.

Themeter islocated in the upper right-hand corner of the
instrument’s control panel. When themeter needleis centered at
themeter’sverticd whiteline, theinstrument isinthenull state.
For accurate corrosion or check readings, theinstrument must
beinthenull state. Turning the Probe Reading Dia nullsthe
meter.

Theintegral probe cable and transformer assembly is
permanently attached to thelower | eft-hand corner of the
control panel. The 6-pin female connector onthe end of the
transformer plugsdirectly into any standard ER probe, high
pressure probe adapter, or probe extension cable.



DESCRIPTION

M eter Prover

FUNCTION

Themeter prover isused during instrument performance
verification. Themeter prover isnot aprecisaly calibrated
device. However, if theinstrument isoperating properly, the
meter prover will causethe Probe Reading Dial todisplay a
readout equal to the value shown onthemeter prover. The
meter prover isencapsul ated and no attempt should be madeto
opentheunit for examination or repair asdamagetoits

circuitry will result.

CAUTION - Toavoid depleting theinstrument’s

battery charge, do not storetheinstrument with
the meter prover attached.
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Technical Specifications

M odel

MS0500 - ER Corrosion Meter (Ordering # IN0500)

Physical Data

Instrument Weight:

Total Weight w/ Carrying Case
and Accessories:

Ingrument Dimensions.
Carrying CaseDimensions:
Operating Temperature:
Storage Temperature:

PerformanceData
Measurement Type:

Range:
Resolution:

Electrical Data
Power Requirements.
Maximum Probe Cable Distance:

Special Features

» Smpleuser interface
* Built-in battery check
* Portable

Accessory Items

2.381b. (1L.08Kg)

4.621b. (2.10Kg)

3"H x 5"W x 6.75"D (7.62cmx 12.7cm x 17.15¢cm)
6.0"H x 6.0"W x 8.75"D (15.24cm x 15.24cm x 22.23cm)
32° to 122°F (0° to 50°C)

32° to 122°F (0° to 50°C)

ER measurement using any standard ER probetype (Wire
Loop, TubeLoop, Cylindrical, Flush, Strip, etc.) w/ check
reading.

0-1000 digitsrepresenting 0-100% of probelife
ldigit

Two 9V Batteries
1000 ft (304.8 m)

Carrying Case, 6' Probe Cable (attached), Meter Prover, Operation Manua

11



Warranty

Meta Sampleswarrantsthat any part of their instrumentsand accessorieswhich provesto be defective
inmateria or workmanship withinoneyear of thedate of origina shipment to Purchaser will berepaired
or replaced, at Metal Samplesoption, free of charge. Thiswarranty doesnot cover (1) probe assem-
blies, (2) itemsexpendablein nature, or (3) items subject to damage from normal wear, misuse or
abuse, or failuretofollow useand careinstructions.

All damaged itemsareto be shipped at Purchaser’ sexpenseto and from Metal Sampleswhich shall
havetheright tofinal determination asto the existence and cause of adefect.

Theforegoing shall congtitutethe soleand exclusiveremedy of any purchaser of Metal Samplesprod-
uctsfor breach of warranty andisexclusiveandinlieu of al other warranties, expressed, implied or
statutory, including theimplied warranties or merchant-ability and fithess. Inno event shal Metd
Samplesbeliablefor special or consequentia damages, or for any delay inthe performanceof this
warranty dueto causesbeyond itscontrol.

Ordersor requestsfor additional information should be addressed to:

Metal Samples
152 Metal Samples Rd.
P.O.Box 8
Munford, AL 36268

Phone: (256) 358-4202

Fax:(256) 358-4515
E-mail: msc@al spi.com

Thetechnicd information and suggestions contained herein are believed to bereliable, but they are not
to be construed aswarranties since conditions of use are beyond our control.

12



1. Verification Procedures

Receiving the I nstrument

Check theinstrument for damagewhenitisfirst received. If thereisobviousdamageto the shipping
carton, request that the responsible carrier’ sagent be present when theinstrument is unpacked.

To unpack theinstrument, proceed asfollows:
1. Verify that the shipping carton containsthefollowing items:
One Portable M S0500 Electrical Resistance Monitor housed inaleather carrying case
Two 9V dkdinebatteriesingtalled in theinstrument
Onesix-foot, coiled probe cable permanently attached to the M SO500
One meter prover

Onetechnica manua

2. Examinetheinstrument for any dents, scratches, broken connectorsor other
mechanical damage.

13



Verifying that the ER Monitoring Instrument Operates Properly

Before placing the M SO500into service, compl ete thefollowing performance verification to ensurethat
theinstrument operates properly.

1. Connect themeter prover to the probe cable.

2. TurntheFunction Selector to +V. The meter needle should enter the meter’sright-
hand sideand remaininthesquarelabeled +V.

3. TurntheFunction Selector to -V. The meter needle should enter the meter’sleft-
hand sideand remaininthesquarelabeled +V.
Note: if the meter needle does not behave as described above, check the monitor’s
batteriesby following procedures outlined on page 25.

4. TurntheFunction Selector to NORMAL.

5. Turnthe Probe Selector toWIRE.

6. TurntheProbeReading Dia and null theinstrument’smeter. Themeter isnulled whenthe
needleiscentered at the vertica whiteline. The Probe Reading Dia should read thevalue
indicated onthe meter prover.

7. Turnthe Function Selector to OFF

14



|I1. Operating the ER Monitor

Operating the ER Monitoring Instrument

After ingalation in the process stream, the ER probe can be used ddmost immediately to take probe
measurements. Only afew minutesarerequired for both protected and exposed ER probe elementsto
equilibrate with the process stream temperature. To operatethe M SO500 with an ER probeinstalledin
the process stream of interest, proceed asfollows:
1. Attachtheprobecabletotheinstalled ER probe.
2. Conduct the CHECK measurement.

a. Turnthe Probe Selector to CHECK.

b. TurntheFunction Selector to NORMAL.

c. TurntheProbeReading Did and null themonitor’smeter.

d. RecordtheProbeReading Dia unit readout asthe CHECK valuefor the subject probe.

3. TurntheProbe Selector to the control position corresponding to the subject probe's
element configuration (WIRE, TUBE, SPEC, or DUAL).

4.  TurntheProbe Reading Dia and null themonitor’smeter.

5. Recordthe Probe Reading Dial corrosion readout.

6. Whenthemeasurement processiscompleted, turn the Function Selector to OFF.
7. Disconnect themonitor fromthe probe.

8. Tocaculatemilsof measuring element meta lossor to determinecorrosionrate,
refertopage 16 & 17.
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Recording the Data

Keep aseparatelog record sheet for each probelocation. Instrument readings should beimmediately
recorded on the probe location’slog sheet. Record check readings, corrosion readings, timeand date,
and any remarks. Additional information such astemperature, pH, and pressure variations can be added
toadintheinterpretation of instrument results.

Probe Multipliers

Metal SamplesER probesareavailableinavariety of typesand sizes. In order to standardizethe
measurement process so that asingleinstrument may be used with al ER probes, each probeis
assigned acorrection factor or “multiplier.” Probemultipliersare used inthefollowing specia formulas
to determinethe milsof metal lossand the average corrosion rate of the probe’ smeasuring el ement. The
multiplier valueisengraved onthe probe.

Determining Mils of Metal Loss

Usethefollowing formulato determinetheamount of measuring e ement metal loss:

A Probe Reading Dial Readout x Probe Multiplier = Milsof Metal Loss
1000

For example, the probe multiplier for a0.040" wire ER probeis 10. If the Probe Reading Dial reads
250 and the previous Probe Reading Dial readout was 150, total metal |ossisdetermined asfollows:

(250-150) or 100 x 10 = 1 Mil of Metal Loss
1000

16



Determining Corrosion Rate

Itisnot recommended that corrosion rates be cal cul ated for eachindividual Probe Reading Dial corro-
sion readout asthis method tendsto magnify the significance of small deviations. However, on occasion
it may be necessary to quickly determinethe approximate corrosion rate occurring at the probeim-
mersed inthe process system. On such occasions, thefollowing formulashould be used:

Probe
A probeReading Dial Readout x Multiplier x 365Days = Corrosion Ratein
A time (days between Probe 1000 Year MilsPer Year

Reading Dial readouits)

When time permitsamore accurate determination of Corrosion rate, usethefollowing formula

Slope of the Probe 365 Days Corrosion Ratein
Straight Line x Multiplier x Year = MilsPerYear
1000

To determinethe quantity referred to as Slope of the Straight Line, plot on graph paper Probe Reading
Dial corrosion readoutsasafunction of time(days). Thedatashouldindicateapositiveor upward
dope. After five or more corrosion readings have been plotted, draw astraight linethrough the points
and determinethe magnitude of the dope of the straight line using thefollowing formula

Slope of the = Y,-Y,

Straight Line X, =X,

wherex, X,, y, andy, arethex andy coordinates of two pointsonthestraight line.

If datapointsare not perfectly linear, theresearcher may prefer to draw astraight lineusing the“ eyeball”
technique or theleast squaresline of best fit. A good reference book on statistical analysisor analytica
geometry will provide proceduresfor determining theleast squareslineof best fit.

17



Interpreting Corrosion Data

Asagenera rule, corrosion readingswhen plotted on graph paper approximateastraight linehaving an
upward slope. However, exceptionsto thisrule may occur and possible causes are described below.

Nonlinear Increasesin theCorrosion Graph

Pitting corrosion of wire or tube measuring € ements can cause nonlinear increasesin electrical ress-
tance and subsequent nonlinear increasesin the graph paper plot of Probe Reading Dial corrosion
readouts. (Cylindrical ELEMENT Probesarelessaffected by pitting and can be substituted for wireor
tube probeswherever pitting isaproblem ) Nonlinear increasesin the corrosion graph do not usually
appear until the second half of the measuring €l ement’soperating lifetime (when Probe Reading Did
readouts are greater than 500).

Nonlinear increasesin corrosion dataare afunction of the number of pitsand the severity of corrosion
attack at each pit. For example, a20-ohm electrical resistance valuefor awire measuring e ement can
berepresented astwenty 1-ohm resistorsin series. If theresi stance of one 1-ohmresistor isincreased
by pitting to 10 ohms, then thetotal resistance value of the measuring element is29 ohms. If pitting
continues, asecond resistor may increaseitsres stanceto 100 ohmsin the same amount of timeasthe
first resstor increased itsresistancefrom 1 to 10 ohms. Thetotal resistancefor themeasuring elementis
then 128 ohms. Suchincreasesin dectricd resistancewill continueuntil the measuring eement isfinaly
severed by apit.

Widely Scatter ed Data Points

Widely scattered data points may indicate that temperature fluctuationsare occurring within the process
system. M easurements obtained by the ER Monitoring System areindependent of thetemperature of
thecorrosive environment. Of coursg, if that environment undergoesrapid changesin temperature, the
temperature of the unprotected measuring eement will change quicker than thetemperature of the
protected reference e ement. Therefore, areading taken before both measuring and reference e ements
havereached equilibriumwill bein error by an amount dependent upon thetemperaturelag of the
reference element. Fortunately, errorsdueto temperature fluctuationsare noncumul ative. For more
information concerning the Effectsof Temper ature (refer to page 38).

If the measuring e ement’ ssurface becomes plated by an €l ectrically conductive corrosion product or
process stream component, widely scattered data pointswill result. Any addition of conductive material
to the measuring el ement’ssurfacewill cause adecreasein the ER Monitoring System’scorrosion
measurements. Examplesof conductive materia swhichtend to plate measuring € ement surfacesare:
copper on asteel measuring element, cadmium on asteel measuring element, and iron sulfide (FeS) on
any metd element. If the operator suspectsthat conductive materia has plated the measuring e ement, it
isrecommended that the ER probe be retrieved and replaced, or that the measuring element bethor-
oughly cleaned (refer to Cleaning the M easuring Element on page 34).

Scattered datapoints can result if moisture of any kind penetratesthe connecting cable’ s protective
jacket. Moisture can affect thetransfer of signasthrough the cable and result in completely erroneous
instrument readings. It isrecommended that all cable used inthe ER Monitoring System be protected

from moi sture contamination.
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Interpreting Check Data

A consistent check reading for anindividual probeindicatesthat the probe’ sinterna referenceand
check e ementsareintact and that the resistance of the reference element isunchanged. Changesinthe
Probe Reading Dial readout of only afew unitsarenot unusual and are considered normal, particularly if
the changesare up and down and not only in onedirection. However, if large changesin the check
readings suddenly begin after aperiod of stability, particularly if the changeisinonedirection, corrosion
of thereference and check el ementsisindicated. If thisoccurs, ER monitor corrosion readingsare no
longer reliable and the probe should be replaced.

Using Extension Cables

Use Meta Samplesspecial shielded extension cablesto provide accessto ER probesinstalled at
locations not within easy reach of the operator. Only shiel ded cables should be used with the M SO500
monitor. Metal Samples shiel ded extension cablesare covered with aprotective coating that shieldsthe
cablefrom stray electromagneticfields.

NOTE: Theuseof extension cablesmay change ER monitor readings, but the change should be
congtant.

Toavoid“noise” or “crosstalk”, do not run extension cables near generatorsor other equipment that
generatesan e ectromagnetic field. Do not permit extension cablesto contact hot equipment or be
subjected to abrasion or chemical attack. Avoid unnecessary flexing or movement of the cable. Changes
inthecable'spositioninthe presence of external electricd fields can causefluctuating instrument read-
ings. Wherever possible, run cablethrough conduit or flexible deeving. When used as conduit, mild steel
issuperior to other metasasit providesmagnetic shielding. For cable not in conduit, runsin excess of
20feet should befixed in position by tying at interval sto accessible structures and conduit runs. Fixing
the cable’ sposition will reduce outsidefield effects.

Do not permit extension cablesto contact moisture of any kind. Although extension cableiscovered
with aprotectivejacket, moisture may penetratethe cable and interferewith thetransfer of sgnals. If
extension cable must be used in damp environments, it isrecommended that the customer supply
waterproof protection for the cable. If moisture does penetrate the cable, replacethe cable, or cut back

thewet portion of the cable, or alow cableto throughly dry in amoisture free environment.
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V. MS0500 Maintenance and Repair

M S0500 Preventive Maintenance

Proper handling and storage of the M SO500 will substantially increaseitsoperating lifetime. A preven-
tive mai ntenance program should be devel oped that considersthefollowing:

Connector Contact Resistance

Connector pin corrosion at the probe or probe cable can create high resistance contact pointsthat
randomly causedistortionsof electrical resistance or check measurements. To help prevent thisprob-
lem, keep all connectorsclean and dry. Except when taking ameasurement, keep the ER probe con-
nector covered with the protective connector cap supplied with the probe. The use of commercia
“contact cleaners’ may a so reduce the occurrence of this problem.

Contact resistance between aprobe and probe cable and/or aprobe cable and extension cable that
have been joined together for extended periods of timemay slowly increase. Theeffect of thisincrease
oninstrument readings may be so gradua that the operator doesnot redlizethat aproblem exists.
Toavoid agradual increasein contact resistance, Metal Samplesrecommendsthat the operator
periodically disconnect and then reconnect the probe and cable.

Switch Contacts

If the switch contacts of the ER monitor’s control sbecomefouled or even dightly corroded, theinstru-
ment will not perform properly. To prevent switch contact fouling and corrosion, occasionally rotate
instrument control knobsthrough al postions.

Cable

Periodically movethe cable attached to the ER monitor back and forth afew times. Observethe
instrument’smeter. If the cableisin good condition, theinstrument’smeter needlewill not “jump”. If the
meter needlejumps, the cable hasapartia or temporary short. To prevent erroneousinstrument
readings, replacethe cable.
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Batteries

Two 9V akalinebatteriesareingtalled as standard componentsin every MS0500. Alwaysstorethe

M S0500 with the Function Selector positioned at OFF. If theinstrument isstored with the Function
Selector placed at an operating position, the battery chargewill berapidly depleted. If the batteries must
bereplaced, refer toinstructionsfor Replacing the Batterieson page26. CAUTION: TheMS0500is
rated intring cally safeand batteriesmust bereplaced only in safearess.

Instrument Housing
Removeall foreign matter from theinstrument housing using alight, forced air flow or avacuum cleaner
withaTeflon (8) nozzle.

TemperatureLimits
Operate and storethe ER monitor at temperatures no lower than 32° F. and no higher than 120° F.

Moisture
The ER monitor isnot weatherproof. Be careful when using theinstrument in damp environments.
Alwaysstorethe ER monitor inadry location.

Repair

I the M S0500 monitor appearsto be operating incorrectly, aquick operating check can be made
following the proceduresfor Verifying that the ER Monitoring I nstrument Oper ates Proper |y that
begin on page 13. Themeter prover issubstituted for the probein these procedures. If the M SO500
cannot satisfactorily completetheverification procedures, refer to Table 2. Table 2 lists possible causes
of operating problemsand remedies. If remedieslisted in Table 2 do not solvethe operating problem,
returnthe ER monitor to Metal Samplesfor repair. Other than the batteries, there are no components of
the M SO500 monitor which should be serviced by the user.

CAUTION: If the ER monitoring instrument isunder warranty, do not attempt internal repairs.

User repairsmay void thewarranty. Return the ER monitor to Metal Samplesfor repair by following
procedures outlined on page 27.
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SYMPTOMS

POSSIBLE CAUSE

REMEDY

Decreasngingtrument
readings.

Corrosion of the probe's
protected referenceand
check elements.

Conduct acheck mesurement as
outlined on page 16. If significant
changesinthenormally stable
check measurement areindicated,
replacethe probe.

Themeasuring element has
been coated by conductive
corrosion productsor
Process stream components.

Retrieve and inspect the probe.
Cleanthemeasuring e ement
according to the proceduresthat
begin onpage 34. If thisisa
reoccurring problem, achangein
probelocationisindicated.
Review the Guiddinesfor ER
Probe Placement on page 37 and

changethe probelocation
accordingly.

Both check and corrosion Check elementiscorroding. Replacethe probe.

readingsarecontinualy

decreasing.

Check measurements Referencedementis Replacetheprobe.

continually increasewhilethe | corroding.

corrosion reading decreases.

Theinstrument beginsthe Corrosion hassevered the Replacethe probe.

measurement process measurement e ement.

normaly, thenthemeter

needle goesoff scale. Or, the

insrument will not take

COrros on measurements.

Batteriesaredefective. Complete proceduresfor

Checking Battery Chargeon
page 25.
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SYMPTOMS

POSSIBLE CAUSE

REMEDY

Significant changesin Corrosion at the probe or Break connectionsand examine
corrosion and/or check cableconnectioniscreating connector pinsclosely. Replace
readings. high resistance contacts. corroded connectorsand ER
Monitoring System components.
Moisture has penetrated the Replacethe cableor cut back the
cable'sprotectivejacket. wet portion of thecable, or allow
thecableto thoroughly dry.
Meter needleremainsoff- Probe Selector isturned to Place Probe Selector at the
scae. thewrong position. correct position.
Themeasuring element has Replacethe probe.

corroded through.

Oneor moreelectrical leads
inthe probe and/or cableare
open or have shorted out.

Substitutethe probein usefor a
probeknown to be operational. If
the problem persigts, substitute
cable known to be operational or
check cable continuity withavolt-
ohmmeter. Replaceany suspect
components.
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SYMPTOMS POSSIBLE CAUSE REMEDY
Drifting meter needle. A temperaturedifferentia Wait afew minutesbeforetaking
exigsbhetweenthemeasuring | ameasurement. Theneedle
and reference elements. should stop drifting, indicating that
thetemperature of themeasuring
and reference el ementsisthe
same,
Batteriesaredefective. Complete proceduresfor
Checking Battery Chargeon
page 25.
Jumping needle. Defectiveconnectionsexistat | Check connectors. Conduct an
the probe, cable, or instru- ingtrument performance verifica
ment connections. tion and probe check measure-

ment. Replace defectivesystem
componentsasthey areidentified.

Electricd noiseisinterfering Shield or relocate ER monitoring
withthesgnd. System components.
Batteriesare defective. Complete proceduresfor

Checking Battery Chargeon
page 25.

Meter needlewill not deflect Batteriesarenot properly Complete proceduresfor
from center zero. installed or battery chargehas | Checking Battery Chargeon
been depleted. page 25.
Theinstrument hasbeen Contact Metal Samples

damagedinterndly.

or returntheinstrument for repair
following ingtructionson page 27.
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Checking Battery Charge

Two 9-volt dkaline batteriesareingtalled in the M S0500 before shipment to the customer. These
batterieswill giveten hoursof operationin norma serviceif theinstrument isstored with the meter
prover disconnected and the Function Sel ector turned to OFF. If batteries are suspected of being
defective, check battery charge by completing thefollowing procedures:

1. Turnthe Function Selector to +V. The meter needle should enter and remaininthebox labeled +V.

2. TurntheFunction Selector to-V. The meter needle should enter and remaininthe box labeled -V.

3. If themeter needle does not behave as described in steps 1 and 2, removetheinstrument fromits
leather carrying case. Open theinstrument’ s battery cover by removing thetwo retaining screws
(refertoFigure3). CAUTION: TheMS0500isdesignedto beintrinsically safe. However, when
the battery cover isremoved, thiscan no longer be assumed. Therefore, removethe battery cover in
safeareasonly.

4. Turntheinstrument over. Thebattery cover will fall out of theinstrument.

5. Ensurethat batteriesare properly installed (refer tofigure4). If batteriesare not properly instaled,
reinstall the batteriesand recheck battery charge.

6. If batteriesare properly installed, but steps 1 and 2 cannot be completed, replace the batteries by
following theinstructionsoutlined on page 26.
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Replacing the Batteries

If batteries are defective, replace them by completing thefollowing procedures. CAUTION: The
MS0500isdesigned to beintrinsically safe. However, when the battery cover isremoved, thiscan no
longer be assumed. Therefore, replace batteriesin safeareasonly.

1. Removetheinstrument fromitsleather carrying case.

2. Removetheinstrument’ stwo retai ning screwsthat hold the battery cover in place (Figure 3).

3. Turntheinstrument over. Thebattery cover will fall out of theinstrument.

4. Removethetwo batteriesand replace them with new batteries (Figure4). Ensurethat new batteries
areingood e ectrical contact with the battery holder’sterminals.

5. Replace and securetheinstrument’sbattery cover.

Figure3. M S0500 Battery Cover

9V Batrtery 9V Battery ‘::r'

Figure4. M S0500 Battery Placement
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Instructionsfor Retur ningthelnstrument for Repair

If itisnecessary to return any Metal Samplesinstrument for repair, thefollowing proceduresare recom-
mended to ensurethefastest possiblerepair and return cycle. The user may €l ect to contact Metal
Samplesto verify that return of theinstrument isnecessary.

1. If possible, pack theinstrument inthe original shipping carton. If theoriginal cartonisnot available,
pack theinstrument inarigid cardboard or wooden carton. Surround theinstrument withaminimum
of threeinchesof resilient packing materia such asfoam rubber or shredded newspaper.

2. Shiptheinstrument prepaid viaAir Freight or Air Expressto:

Metal Samples
152 Metal SamplesRd.
Munford, AL 36268

3. Contact Metal Samplesby telephone (256) 358-4202 or fax
(256) 358-4515 or e-mail msc@al spi.comand tell them:

(8 thenameof theairlinecarrying theinstrument
(b) theflight number

(c) theestimated timeof arrival

(d) thewayhbill number and delivery instructions

4. Whentheinstrument ispacked, includeacopy of theform onthe next page, filledinas
required, to expeditetherepairs.

27



Maintenance and Repair Instructions

Thisform may be photocopied for usewhen returning instrumentsto Metal Samplesfor repair. Please
fillinal knowninformation. Encloseacopy of thefilledinformwiththeinstrument.

1. Check one:
Repair thisinstrument under warranty.
__ Repair thisinstrument regardless of problem or cost of repair.
— Inspect theinstrument and advise the customer of the approximate cost of repairsif the
__ instrument isnot covered under warranty. (Note: Thisprocedure may delay thereturn of the
instrument toyou.)

2. Instrument | dentification:
Instrument Model # Serial #
Date and L ocation of Purchase
Company’s Purchase Order #for Original Sale

3. Returnthelnstrument to:
Company Name

Address/Location

Telephone Number:

4. Description of Trouble: (aclear description of the problem may shorten repair
time)

5. Urgency of Repairs:
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V. Electrical Resistance Probes

I ntroduction

Anessentia component of the ER Monitoring System, the Electrical Resistance (ER) Probeactsas

an environmental bridge between the measuring € ement immersed in acorrosive mediaand theatmo-
spherewherethe electrical leadsare connected. Metal SamplesER probesareavailablein fixed length
or retractable (adjustable) length model sand in retrievable models. Figures5, 6 and 7 show examples
of theseavailable probemodels. Fixed probesareeasier toinstall than retractable models; however,
fixed probeinstallation and inspection require the process system to be shut down. Installation and
inspection of retractabl e probes does not require asystem shut down and these probes are recom-
mended for usein systemsthat must operate continuoudy. Retrievable modelsare used with high
pressure accessfittings. All Metal SamplesER probesare supplied with MIL environmental electrical
connectorsunless specifically ordered otherwise.

General Specifications for ER Probes

PROBETYPE
Fixed Length Retractable Retrievable
Threads. 12" & 3/4" 2t & 1" AccessFitting
NPT models NPT models
Temperature Rating: 300°F & 400°F 300°F & 700°F 300°F, 400°F & 700°F
models models models
PressureRating: 3000 psi 1000 ps 500 psi to 3600 psi
Length: 24",30", & 36" Moddsavailablein Specified by customer -
lengthsof 4" to 32" 24" maximum
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Figure6. RetractableER Probe
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Figure7. Retrievable ER Probe
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Probe Elements

Fivetypesof probe e ementsareavailablefrom Meta Samples: thetubular loop, wireloop, cylindrical,
flush dement, and strip e ement. Both thetubular and wireloop e ementsareavailablewith either a
Teflon or glasspressure sedl . All elementsareavailablein avariety of alloysand thicknesses. The
thicker theelement, thelonger itsoperational lifetime; thethinner theelement, thegreater itssengtivity.

WIRE FLUSH

LOOP
TUBE CYLINDRICAL
LOOP

Figure8. Element Types

Offering greater sengitivity than any other ER sensing eement, thetubular |oop e ement isrecommended
for usein systemswherethe smallest changein corrosion rate must be quickly detected. Thetubular
loopisconstructed of asmall diameter, hollow tubewith ahairpin configuration.

Secondinsensitivity only to thetubular loop, thewireloopisavailablein morealloysthan any other ER
element, makingitidea for monitoring systemsrequiring adiverse sampleof alloy materias. Con-
structed of alength of solid wire, thewireloop sensing el ement hasahairpinloop configuration.

Res stant to high temperaturesand mechanica damage, the cylindrica eementisparticularly suited for
installationin hightemperature and/or high velocity process streams. Process probes equipped with the
thin-walled, cylindrical element are supplied with awelded, al-metal pressure sedl.

Theflushelementisdesignedtofit exactly flushwiththeinterior surface of apipeor vessel wall. The
element isthen affected by the same process conditionsthat are occurring at theinterior surfaceand will
not interferewith pigging operations.

Thestrip element isdesigned for usewith the Metal Sampl es specia underground, concrete, and

underwater probes. Thethin, solid metal strip element, typically of 1018 mild sted, isembeddedinan
epoxy body and is permanently attached at one edgeto aprobe cable.
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Safety Shields

Pressurefluctuationsin high velocity process systemsmay distort thetubular and wireloop el ementsand
cause erroneous corrosi on measurements. To prevent element damage, process probes equipped with
these elementsare supplied asstandard with safety shields. To avoid galvanic effects, the safety shiddis
made of the same materia asthe probe.

Installing the ER Probe

All Metal SamplesER probesare degreased and bead-blasted prior to shipment to the customer. If the
probeiscarefully stored and the measuring element kept free of dirt and oil, the probe may beinstalled
inthe process stream without further cleaning. To prevent contamination of the measuring e ement, do
not touch the measuring e ement with thefingersor handletheeement in any way. If themeasuring
€lement does become contaminated, or if the probeisto be cleaned and reinstalled at another location,
refer toingtructionsfor Cleaningthe M easuring Element (page 34).

Alwaysingpect the surface of the measuring element beforeinstalling the probein the process system.
The surface of the measuring e ement should be shiny and light-colored. Any dulling or darkening of the
element’ ssurfaceindicatesthe presence of an oxidefilm or other contamination. Visible oxidation
products may beremoved prior to probeinstallation (refer to instructionsfor Cleaningthe M easuring
Element on page 34).

If the ER probeisto beingtaledinasystemwherewater is present, test the measuring element to
ensurethat its surface can be moistened by water: Immersethe probein fresh water and agitatefor
several minutes. Removethe probe. If acontinuousfilm of water remainson themeasuring element’s
surface, the probeisready to beinstalled inthe processstream. If water beadsarevisibleonthe
measuring element’ ssurface, degrease the element beforeinstallationin the process system (refer to
Cleaningthe M easuring Element). If aprobewithout visible surface depositsistobeinstalledina
nonagueous medium, special precautionsare not necessary.
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Cleaning the M easuring Element

The measuring e ement must be cleaned if its surface becomes contaminated or if the probeisto be
moved from onelocation to another. The measuring e ement can be cleaned by abrasive, chemical or
electrochemical methods.

Cleaning methodsusing abrasives are superior to other cleaning methods. An experienced operator can
compl ete an abrasive cleaning procedure with lessthan 10 to 20 microinches of base metal | oss.

Chemicd cleaning canresult in excessive basemeta |oss. Inaddition, reagentsused inthe chemical
cleaning process can leave the measuring e ement’ ssurfacein either apassive state or can causethe
formation of oxidefilms. Corrosion of passive metal surfacesisinhibited and apassivated measuring
element will indicateacorrosion ratelower than the corrosion rate actually occurring within the process
system. Oxidefilmsdistort test resultsobtained in process streamsthat do not contain oxygen or other
strong oxidants. Therefore, beforeingtallation in process streamsthat do not contain oxidizing solutions,
the surface of achemically cleaned measuring element must be reduced by € ectrochemical cleaning
methods.

Electrochemical methodsthat involve cathodic cleaning do not aways compl etely remove depositsfrom
the measuring € ement’s surface. In such cases, the measuring e ement must still be cleaned by aminor
abrasive Such as steel wool. Anodic cleaning methods require the measuring element to behaveasan
anode. Inthiscondition, theelement’ sbase meta will dissolve. Anodic cleaning can also passivatethe
surface of themeasuring e ement.



Thefollowing describesthethreetypesof cleaning methods suitablefor ER probe measuring e ements:

AbrasiveCleaning M ethods

Bead-blasting, the preferred abrasive cleaning method, issuitablefor all Metal SamplesER probes. To
thoroughly clean the measuring eement of filmsor deposits, useasmall, hand-hel d bead-blasting gun
powered by compressed gas (for exampleair or nitrogen) at pressures no greater than 50to 100 psi.
Useonly clean, finely divided grit such as 200 to 270 glass beads or mesh sand.

Measuring el ementsthat are accessiblefromall sides can be cleaned by polishing with fine (3/0 or 4/0)
garnet paper or emery cloth until the element’ ssurface obtainsabright shine. Before polishing, degrease
theelement by rinsing with aspray contact cleaner or asimilar solvent. Measuring elementsaccessible
fromall sides can a so be degreased by scrubbing with househol d-scouring powder. After scrubbing,
rinsewith water and dry thoroughly. Note: Water can rust and pit the surface of the measuring element;
therefore, the element and probe siteswhere the el ement entersthe probe body must be thoroughly dry
before storing the probe.

Chemical Cleaning M ethods

Chemical reagentsused for cleaning purposesare usually water based. In order for such reagentsto
penetrate surface deposits, the measuring element must befree of oil and grease. To degreasethe
measuring element, soak the ER probein an organic solvent such astrichloroethylene or petroleum
thinner. If hard, greasy depositsremain, boil the probein one of the* soak cleaners’ used by themetal
finishingindustry. If theelement’ssurfaceisaccessblefrom all sides, use steel word to removeclinging

deposit

After oil and grease areremoved, use hot (160° to 180°F.) acid sol utionsto remove oxidesand corro-
sion productsfrom the measuring element. It isrecommended that the activated ER monitor be con-
nected to the probeto monitor metal lossduring chemical cleaning. Hot 6to 12 N hydrochloric acid
should removerust fromstedl. Sulfuric acid will also clean stedl, but not asefficiently ashydrochloric
water acid. Immersethe probein the acid solution and agitate until rapid, uniform hydrogen bubbling
occursover thesurface of the probe. Do not use* pickling” or acid inhibitorsduring the acid bath as
theseinhibitorsdepost surfacefilmsthat aredifficult toremove. After theacid trestment, immediately
rinsethe probewith water.

If the probeisto beimmediately installed in aprocess stream, no neutralizing or dryingisnecessary.
However, to avoid surface contamination, do not exposethe clean, water-wet probeto air for periods
longer than 10to 20 seconds. If the probewill be exposed to air for longer than 20 seconds, neutralize
itssurface by dipping the probein a 1% solution of sodium hydroxide. Rinsewith water and shake of f
excesswater. Alternate dipping the probein a cohol and shaking off excessal cohol. Blow dry all probe
surfaceswith clean, dry compressed air or nitrogen.
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Electrochemical Cleaning M ethods

When cleaned € ectrochemically, the measuring e ement isimmersed in an e ectrolytic solution while
connected to an external circuit that forces electrical current to pass between the element and an auxil-
iary electrode. Theexterna circuit should consist of al1.5-volt dry-cell battery, avariableresistance
potentiometer, and amilliammeter in seriesbetween the measuring e ement and the auxiliary el ectrode.
The probe cableselectrical terminalsmay be used to connect the measuring €l ement to the external
arcuit.

Cathodic cleaning requiresthe measuring el ement to beimmersed in an acid e ectrolytic solution and
agitated at maximum capability for 15to 30 minutes. Sulfuricacid (0.1 N) isagood el ectrolyte. Do not
useacidinhibitorsasthey deposit surfacefilmsthat aredifficult to remove. Themeasuring element is
connected to the negativeterminal of theexterna circuit and actsasthe cathode. Useapiece of mild
stedl or stainlessstedl with severa squareinchesof surfaceareafor theauxiliary electrode. When
current isapplied, the measuring e ement obtainsan active metal surface. Hydrogen bubbling occurring
at the metal surface reduces oxidation productsand loosens scale and other deposits. A current density
of 10-20 milliamps per square centimeter of probe surfaceisrequired to electrochemically cleanthe
measuring e ement. For example, if the surface areaof the probeis 10 square centimeters, therequired
current will be 100to 200 milliamps.

Anodic cleaning dissol ves base meta and should only be used to etch polished surfaces. The measuring
element isconnected to theexternal circuit’spositiveterminal and behavesasan anode. A suitable
electrolytefor anodic cleaning isa10% salt solution acidified with hydrochloric or sulfuric acid. Do not
apply acurrent density greater than 10 milliamps per square centimeter of probe surfacearea. At this
current density, base metal isdissolved at arate of 12 microinches per minute; therefore, do notim-
mersethe probefor longer than 5 to 10 minutes. Anodic cleaning should befollowed by cathodic
cleaning to remove any passivating films. Usethe same proceduresfor rinsing and drying asdescribedin
the section on Chemical Cleaning M ethods.

Probe Storage

Clean, thoroughly dry probes should be storedinaclean, dry place. If possible, storein the presence of
adesiccant, preferably anhydrouscalcium chlorideor silicagd.
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VI. Effectsof ProcessVariableson Corrosion Behavior and
Guidelinesfor ER Probe Placement

I ntroduction

When designinginvestigative studies of corrosion behavior, the researcher must consider anumber of
variableswhich may influence study results. Changing any of thevariablescan resultinachangeinthe
corrosion behavior of the ER probe’ smeasuring € ement. Unfortunately, all variablesmay not beknown
or Considered and this can lead to erroneous conclusions. To help the researcher obtain more accurate
data, this section of the manual names and describesthe effectsof variablesthat may influence experi-
mental and process system Corrosion studiesmadewith aMetal SamplesElectrical Resistance (ER)
Monitoring System.

Effects of Time and Equilibrium

Onceingtaledinthe processstream of interest, ER probes can be used almost immediately to take
Corrosion measurements. Generally, only afew minutesare required for both protected and exposed
ER probe elementsto equilibrate with process stream temperatures.

Effects of Fluid Velocity

If the process stream under considerationisnormally flowing, then ER probesused [aboratory experi-
ments should be subjected to approximately the sameflow velocity. Thismay prevent andterationin
thediffusionrate of reactantsand asubsequent mideading aterationin the ER monitor’scorrosion
reading. Theeffectsof errosion-corrosion can a so be monitored.

Placing ER probesin stagnant spotswithin the process stream should be avoided unlessit isnecessary
to study corrosion under stagnant conditions. Changesin processvariablesaredow to effect a“ dead-
spot”, and corrosionratesin theselocationsgenerally vary lessthan el sewherein the system.

Theaccumulation of solid conductive corrosion productsor process stream componentsonthe ER

probe’ smeasuring element in astagnant area can al so cause inaccurate corrosion readings and may
cause severe pitting of theelement.
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A moderateflow velocity can affect diffusion rates and subsegquent corrosion readingsintwoways. (1)
Freshliquid corrodent, possibly containing dissolved oxygen or other reducible species, will be brought
into contact with metal surfacesasfluid flows past the probe. Fresh corrodent will provide suppliesif
desired reactantswhile removing any excess of spent reactants. For example, increased oxygen or
hydrogen sulfide concentrationsmay accel erate cathodic reactions, thereby promoting anodic reactions
and increasing measuring e ement corrosion rates and instrument corrosion readouts. (2) If corrosion
inhibitorsare used, amoderateflow vel ocity shouldincrease diffusion and provide an efficient supply of
inhibitor to the meta surface of the measuring e ement. Such action would reduce corrosion readouts.

High flow vel ocities can mechanically accel erate corrosion and subsequent corrosion readoutsintwo
ways. (1) Protectivefilmsformed by inhibitorsor corrosion products can be swept away. Thisaction
would subject the measuring el ement to increase corrosion. (2) Erosion-corrosion mechanismssuch as
impingement and cavitation will be accelerated by thefluid’svel ocity and by air abrasion caused by
entrained air bubbles.

Effects of Temperature

Other factorsbeing constant, anincreaseintemperaturewill be accompanied by anincreasein chemi-
cal reactionrates. Therefore, the most severe corrosion will befound in the experimental or process
system areawherethetemperature of the corrodent ishighest Thereareafew exceptionsand theseare
usually dueto adecreasein the oxygen content of the corrosive solution asthetemperatureisraised,
particularly near theboiling point. If the oxygenisremoved from acorrosive solution by boiling, the
cathodi c reaction dlowsdown, and thisin turn reducesthe anodic reaction.

If variablesin corrosion readings cannot be attributed to other variables, it isadvisableto check tem-
peraturefluctuations. A good inhibitor filmwill lessenthe effectsof high temperatureand the ER Moni-
toring System can be used to monitor inhibitor effectiveness.

If the corroding environment in which the ER probeisinstalled undergoes asudden temperature change,
corrosion readingswill beerratic and will not reflect the process system’strue corrosion rate. Thisis
duetothefact that the temperature of the exposed measuring €l ement will equilibratefaster than will the
temperature of the protected reference element. However, errorsdueto sudden temperature fluctua-
tionsaretemporary. Oncethe probeisallowed to reach complete equilibriumwith the corroding
environment, corrosion readingswill again be representative of true process stream conditions. Sudden
and temporary temperaturefluctuations can a so create temperature differential s between the protected
reference and check e ements, thus causing temporary changesin the check reading.

Temperaturefluctuationsof liquid systemsgenerally havelittleaffect on ER probeequilibrium. Tempera-
ture changes as high as 5°F./minute can occur without altering probe performance. Sincetemperature
fluctuationsin most liquid systemsdo not exceed thisrate, erratic corrosion readingsdo not usually
occur insuch systems.
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Greater temperaturefluctuationsgeneraly do occur invapor systems, particularly insteamlines. In
vapor systems, itisrecommended that ER probesbeinstalled in process|ocationswhereliquid conden-
sateisalowedto collect. Liquid hasahigher heat capacity than vapor and will therefore minimizethe
effectsof sudden temperaturefluctuationsat the probelocation. To determineif any fluctuationsin data
dueto temperaturefluctuationsare occurring, it isrecommended that morethan one corrosion reading
be obtained each timean ER probeinstalled in avapor systemismonitored.

Effects of Previous Environment

If theequilibrium of asystemisdisturbed by achangein operating proceduresor by acorrosioninhibi-
tor, itispossiblethat aprobewill requireaconsiderable amount of timeto reach astate of equilibriumin
the changed environment. Corrosion readingstaken during thetransition period are valuablein most
instancesasthey show how the changeisaffecting the components of the experimental or process
system. In other caseswhere achangein operating proceduresor inhibitor type or dosageisto be
studied, the action of film produced by the previous conditions masksthe effect of the new conditions.

If operating or inhibitor conditionsareto be evaluated, then it isrecommended that two ER probe
assembliesbeusedinthefollowing manner: aprevioudy installed assembly, alowed to equilibrate under
theorigina conditions, should be used to monitor theinteractions between old and new conditions.

Near thelocation of thisfirst probe, asecond probewith anew or cleaned measuring element should be
installed to monitor the new conditions.

Effects of Corrosion Products

If corrosion productsform aprotectivefilm or scal e on the surface of the measuring element, thenthe
filmislikely toinhibit corrosion of additiona fresh metal by isolating the element fromthecorrosive
environment. Inaprocess stream, thisaction can bedesirableif it parallelsand reflectsthe condition of
the processmetd surfaces. However, if an electrically conductive corrosion product platesthe measur-
ing element, corrosion readingswill not be representative of process stream corrositonrates. The
addition of conductive materia to the measuring element’ ssurface causesadecreasein the ER Monitor-
ing System’ smeasurements and subsequent corrosion rate determinations. Examplesof conductive
materia swhich tend to plate measuring € ement surfacesare: copper on asteel measuring element,
cadmium on asteed measuring dement and iron sulfide (FeS) on any meta €l ement.
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Guiddlines for ER Probe Placement

Althoughitisunlikely that aSingle probelocation can provide quantitative Corrosion rate datafor an
entire process system, it should be noted that asingle probe can supply corrosion datafor that particular
process|ocation aswell asinformation onthe general behavior pattern of corrosion throughout the
process system. Although corrosion ratesat severa locaized corrosion cellsmay vary considerably, any
major changein aprocessvariable should effect al cellsin about the same proportion. For example, if
the addition of acorrosioninhibitor reducesthe corrosion rate at aprocesslocation by 90%then all
surfaces of the same corroding metal that are coated by theinhibitor should experience about a90%
corrosion ratereduction. Obviously, measurements made at several probelocationswill givethemost
complete corrosion rate data. But changesin the corrosion rate dataat asingle probe can permit the
quick identification of processchangesthat can effect the entire processsystem

To place ER probesin process stream | ocationsthat will quickly and accurately reflect changesin
processconditionsor that will remain relatively unaffected by conditionsthe researcher doesnot want to
congder inacorroson study, review thefollowing guidelines:

1. Toaccentuate pi messchanges, placethe probeat alocation that experiences corrosion rates
sghtly higher thanthesystem average.

2. Avoidlocating the probein astagnant section of the process system where solids
arelikely to collect and distort measurements. Large accumulations of solidsmay
also accel erate pitting corrosion of the measuring e ement.
3. Toobtain datarepresentative of erosion-corrosion processes, locate the probe so
that the measuring e ement will experiencethe approximateflow velocity experienced by the pipe
wdls

4  For conveniencein proberetrieval, install the probeinabypassloop. Theeffects
of velocity can also beanalyzed if thebypassvavesarethrottled.

5. Locatethe probein thewarmest section of acontinuousliquid phase.

6. Donot placethe probeat alocation wheredrastic temperaturefluctuationsareknownto  occur.

7. Invapor systems, install the probeinalow spot or vertical teewhereliquid condensate can collect.
The condensate hasahigher heat capacity than the vapor and will therefore minimizethe effects of
sudden temperature fluctuationsthat result in widely scattered corrosion graph datapoints.

8. Iftheprocesssystemisnormally closedtoair contact, install the probe asfar aspossible froman
open end which could introduce uncontrolled oxygen levels.
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