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|. Introduction
A. Background

TheMS1000 isaportable, hand-held, battery-powered corrosion
meter. Thisversatileinstrument measurestheinstantaneouscorrosion
ratewith the Linear Polarization Resistance (LPR) technique. 1taso
measuresthe current flowing between el ectrodesin the short-circuited
condition with ahigh precison zeroresstanceammeter (ZRA). The
M S1000 can analyze two-€electrodelinear pol arization resistance or
gavanictypeprobes.

The principleuseof thisinstrument isto measure corrosion ratesunder
variousconditionsintheplant, field, or lab. Inadditionto using this
instrument to monitor corrosion rates, corros on engineerscan also use
the M S1000 to monitor inhibitor effectiveness, identity process upsets,
identify localized corrosion events, and evaluate corrective actionsin
real time. These measurementsarevery important sinceachangeinthe
process conditions can lead to dramatic changesin the observed
corrosonrate.



B. Instrument Capabilities

| nstantaneous Corrosion Rate Measurements

| nstantaneous corrosion rate measurements are made with thelinear
polarization resistance (L PR) technique. Thistechniqueisareliable
electrochemical procedure based on principlesoutlined inASTM G59
Standard Practicefor Conducting Potentiodynamic Polarization Resis-
tance Measurements. Anexcellent technical review of thistechniqueis
givenelsawhereby Mansfeld.?®

Thedetermination of acorrosion rate from the parameters measured
with corrosion probes depends on Faraday’slaw. Themassloss,
current, potential, and changesin thesevariablesare convertedintoa
corrosionrate. ASTM G102 Standard Practicefor Cal cul ation of
Corrosion Ratesand Related | nformation from Electrochemica Mea
surementsprovidesall necessary information for thedirect cal culation of
thecorrosionrate.*

The method used by the M S1000 for cal culating the corrosionrateisas
follows. A low amplitudedc voltageisapplied acrossthe el ectrodes
and thenthe resulting current, normalized to current dengity, ismea:
sured. Thevoltageisheld constant for thirty secondsbefore measuring
thecurrent sothat any capacitanceinthe oxidelayer will befully
charged. Thepolarity of the applied voltageisthen changed and the
measurement cycleisrepeated. Polarity isreversed to minimize poten-
tial errorsdueto possiblee ectrodedissmilaritiesor changesinthe
opencircuit potentia of the el ectrodes during the measurement.

Thepolarization resistance, R, of the corroding electrodesiscalcu-
lated from the dope of the potential-current density plot. R, isdefined
&
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where AE isthe polarization from the open circuit potentia of the
electrodesandi isthe measured current density at AE. Sternand
Geary showed that thereisalinear relationship between potential and
applied current at potentiasonly dightly removed fromthecorrosion
potential.> Based on thekineticsof electrochemical reactionsand
concepts of mixed potential theory, asdiscussed by Wagner and Traud,
an equation wasderived which rel ated the pol ari zation resistanceto the
corrosion current density, i .° Thecorrosion current density iscalcu-
lated as:

i 313
2.303R (B, + )

where(3, and 3 aretheanodic and cathodic Tafel constants (ie., the
dopesof theanodic and cathodi ¢ polarization curvesinthe Tafel

region).

The instantaneouscorrosionratein milsper year (mpy) isdetermined
fromi_withthefollowing equation:

i +EWeK
COR(mpy) = B

whereEW istheequivaent weight, K isaconstant for unitsconversion,
and p isthedendty. Theequiva ent weight depends upon the composi-
tion of thedloy. Guidelinesfor determiningtheequivaent weight are
giveninASTM G102.4

Notethat thisinstrument has been designed to calculatethe corrosion
rate of carbon steel and common gradesof stainlesssted inmilsper
year. Inother words, the programmed values of the Tafel dopes,
equivalent weight, and density aretypical for carbon steel and common
gradesof stainlessstedl. Multiplication factorsfor copper, admiralty
brass, and lead areincluded on thefront panel of theinstrument.
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Theinstrument isprogrammed for el ectrodeswith surfaceareasof five
cm?. Multiplication factorsareasoincluded for flush mount el ectrodes
with surfaceareasof 0.5 cn?.

Zero Resistance Ammeter (ZRA) and Equivalent Pitting Rate
A high precision zero res stanceammeter isused for monitoring the
short-circuit current between electrodes. Thistotal current flowing
between the el ectrodesin the short-circuited condition ismonitored.
Thecurrentisdisplayedin microamps. Thezero resistanceammeter
(ZRA) function may a so be used to monitor the galvanic current
between electrodes of different aloysor theareaeffect of galvanic
corrosion.

Generdly, if themagnitude of the ZRA reading divided by 2islessthan
thecorrosion rate, then pitting may beoccurring but the pitswill prob-

ably be shalow and wide; however, pitting may beaseriousconcernif
theZRA/2 isgreater thanthe corrosionrate.

Faraday’slaw may be used to cal culate the massof material lost asa
result of thelocalized corrosionasfollows:

W= [(ZZRA)Iin] «te EW

where W isthemassof the corroded metal ingrams, (3ZRA)/nisthe
time-integrated ZRA divided by n, the number of daysof exposure, tis
thetimethe current isflowingin seconds, EW isthe equivaent weight
asprevioudy defined, and F isthe Faraday constant, 96480 Coulombs/
mol. Themassof the corroded material may be usedto calculatea



corrosionrate, designated asthe equivalent pitting rate, based onthe
ZRA. Thisequivdent pitting rateisdefined as:

K e W
Aetep

EPR =

where EPR istheequivaent pitting ratein mpy, K’ isaconstant for
unitsconversion, A isthesurfaceareaincnm?, W isthemasslossin
grams, t isthetime of exposurein seconds, and p isthedensity of the
dloyingrams/cm?,

Additiond technical information on thisinstrument hasbeen publishedin
the Proceedings of the 1994 International Water Conference.’



C. Applicationsfor theM S1000

» Measuretheinstantaneous corrosion ratein agueous solutions.
For example, the content and dosage of inhibitorsin water
treatment facilitiesand chemical process plants can be monitored
and optimized.

» Monitor theactud lifetimeof plant equipment. Corrosion
monitoring provides datathat may be combined with other forms
of datato estimatethelifetimeof equipment inthe plant.

» Detection of localized corrosion dueto process conditionsor
UpSeLs.

» Evauatedternate materialsfor aspecific purpose. Optionfor
other alloys, heat trestments, or finishesmay beeva uated and
compared to the performance of the specific aloy considered.

» Analyzegavanic probesand measurethe galvanic current
between electrodes. Areaeffectsingalvanic corrosion canaso
beinvestigated.



C. MSI1000 Specifications and Features

M odel

MS1000 - LPR Corrosion Meter (Ordering # IN1000)

Physical Data
Ingtrument Weight:

Total Weight w/ Carrying Case
and Accessories:;
Dimendons

Carrying CaseDimensions.

Operating Temperature:
Storage Temperature:

PerformanceData
Measurement Type:

Range:

Resolution:

CydeTime

Electrical Data
Power Requirements:

0.841b. (0.38 Kg)

5.201b. (2.36 Kg) Instrument

7.63"H x 4.15"W x 1.3"'D
(19.38cm x 10.54cm x 3.30cm)

10"H x 11.75"W x 54"D
(25.40cm x 29.85cm x 13.72cm)
32° to 122°F (0° to 50°C)

-4° to 158°F (-20° to 70°C)

2-Electrode LPR, Galvanic
2-Electrode: 0-40 mpy
Galvanic: 0-80pA
2-Electrode: 0.02 mpy
Gavanic: 0.04pA
Corrosion Rate: 60 sec
ZRA: 30sec

One9V Rechargeable Battery

Maximum Probe CableDistance: 2000 ft (609.6 m)



Special Features

* Microprocessor-based el ectronics

* Functionkey interface using 4-key keypad and 4-line LCD display
» Low-battery detection

» Portable

Accessory ltems
Carrying Case, 10' Probe Cable, Battery Charger, Lightweight
Protective Case, Meter Prover, Operation Manual




[11. MS1000 Operation

A. Test Readings

TheMS1000 issupplied with atest probeto check proper functioning
of the cableand instrument. In order to guaranteethe accuracy of your
data, check theinstrument readingsat r oom temper atur ewith thetest
probe prior to taking measurements.

Thetest probeisused to verify correct instrument operation asfollows:
1. Inserttest probeinto cable.
2. PressON.
3. PressCOR to measuretheinstantaneouscorrosionrate. After
60 secondsthe display should read:

CORROSION RATE =5.00+ 0.05 mpy

4. PressZRA to measurethecurrentimbalance. After 30 seconds
thedisplay should read:

ZRA =0.00% 0.12 pA

B. Data Acquisition
1. Instantaneous Corrosion Rate M easur ements

Corrosion rate measurements may be collected asfollows:

a. Connect theinstrument cableto the desired probe.

b. PressON to turn the M S1000 on.

c. PressCOR to measuretheinstantaneous corrosion rate.

d. A short beep will sound after 60 secondsto indicatethat the
measurement iscompl ete and the measured corrosion ratewill
be displayed onthe screen.

e. Themeasured rateiscalculated for carbon stedl. If another



electrode materia wasused, theresult should be multiplied by
theappropriatealoy multiplier. Four commondloysarelisted
on the M S1000 keypad. A morecomprehensivelistis
provided on page 14.

2. ZRA and EPR M easur ements

Electrochemical current noise and equivaent pitting rate measurements
may be collected asfollows:

a. Connect theinstrument cableto thedesired probe.

b. PressON to turn the M S1000 on.

c. PressZRA to measurethe current imbalance betweenthe
electrodes.

d. A short beep will sound after 30 secondsto indicatethat the
measurement iscomplete and the measured ZRA and EPR will
be displayed on the screen.

C. Electrode Installation, Replacement, and Care

Theedectrodes supplied from Metal Sampleshave a600 grit (ground)
surfacefinish. Theelectrodesare also degreased and shippedinvolatile
corrosioninhibitor (vci) bagsfor protection. Additiona cleaning of the
elementsprior to useisnot required. However, itisrecommended that
the electrodesbe pretreated in thetest solution of interest in order to
bring the electrode surfacesto equilibrium. Pretreatment may be
conducted inafull strength mixture of the solutioninthe system. Typical
pretreatment timesare at least 24 hours.

Theresulting datagenerated from the pretreated el ectrodeswill indicate

the corrosion trends of the system much morerapidly, usualy withina
day, asopposed to asmuch asaweek for untreated el ectrodes.
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New eectrodesare 1.250" (31.75 mm) inlength and 0.188" (4.76 mm)
indiameter. Ascorrosion occurs, the el ectrode diameter decreases. As
aresult, the electrode surface areadecreases and the distance between
theedectrodesincreases. Thesetwo factorsare sourcesof error and
may diminish theaccuracy of themeasured corrosionrate. Therefore, it
isrecommended that the €l ectrodes be replaced when their diameter
has decreased by 17%. In other words, the electrodes should be
replaced whentheir diameter hasdecreased t0 0.156" (3.97 mm).

If the probe and electrodes areto be moved, or if the electrodes
becomefouled with corrosion productsor system contaminants,
removetheelectrodesfrom the probe and polishthemto adull shine
with wet 600 grit abrasive paper. After polishing, rinseand degrease
theelectrodesprior to reinstallation.

Note: When handling electrodes, use clean latex glovesand paper
towels. Thiswill keep thee ectrodes clean and freefrom contaminating

oily deposits.

D. Correcting for Low Solution Conductivity Effects

L ow solution conductivity effectsincreasethe gpparent polarization
resistance, thusyielding an underestimation of thecorrosonrate. The
effect of solution resistanceisafunction of thecell geometry. Sincethe
cell geometry (inthiscase, the e ectrode configuration of the corrosion
probe) remains constant, analytical correction may be performedto
compensatefor thisapparent increasein the polarization resistance.
Thefollowing equation may be used to approximate the magnitude of
thiseffect.

_ |
R=R- &

where R, isthetrue polarizationresistance, R, isthe apparent polariza-
tion resistance as measured by theinstrument, | isthe distance between

1



thetwo electrodesin cm, and 0 isthe solution conductivity inohms?/
cm. Specificguiddinesfor thiscorrection techniquearedetailedin
ASTM G102.

Theabove equation hasbeen used to analytically deriveacorrection
curvefor low solution conductivity effects. Thecurveisplottedasa
function of the corrosion rate, asmeasured by theinstrument, and the
solution conductivity. Thiscorrection curveisgivenin Figure3.

Multiplier

10-3 10-2 10-1
Corrosion Rate (mpy) / Solution Conductivity (umhos/cm)

Figure3- Multipliersfor IR correction.
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Anexampleof how to usethe correction curveisgiven below.
If the

Corrosion Rate (Instrument Reading) = 1.00 mpy
andthe

Solution Conductivity = 100 pmhos/cm

then thevalue on the x-axis of the graph may be calculated as

Corrosion Rate (mpy) _ 10>
Solution Conductivity (umhos/cm)

Referring tofigure 3, avalueof 10 onthex-axiscorrespondstoa
multiplier of 1.3.

Therefore, the corrosion rate, ascorrected for IR drop in the electro-
lyte, isthe product of 1.3 and the measured corrosionrate. Inother
words,

Corrected Corrosion Rate= 1.3« 1.00 = 1.30 mpy
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V. UNSConstant Table

Thefollowinglistssmany of thecommon constructional metas/ dloys
with their appropriatealloy constants.

Alloy Alternate
UNSH Const.  Designation
F12101 10 -
F13502 10 -
G10100 10 AlSI 1010
G10180 10 AlSI 1018
G10200 10 AlSI 1020
K03504 10 ASTM A105
K Q03006 10 ASTM A106
K02504 10 ASTM A53
K03011 10 ASTM A350LF2
K 01800 10 ASTM A516
(41300 10 AlSI 4130
K41545 10 ASTM A199
SB0400 10 ASTM A199(T9)
S30400 10 AlSI 304
S30403 10 AlSl 304L
31600 10 AlSl 316
31603 10 AlSl 316L
S32100 10 AlSI 321
41000 10 AlSI 410
43000 10 AlSI 430
31200 10 ASTM A182
31803 10 ASTM A276
C11000 20 AMS4500
C26000 18 AMS 4505
18 ASMESB111

14

Major Constituents
(or common names)

Gray Cast Iron

Gray Cast Iron

0.1% Carbon Steel
0.18% Carbon Stedl
0.20% Carbon Steel
0.35% Carbon Stee!
0.3% Carbon Stedl
0.25% Carbon Steel
0.3% Carbon Steel
0.18% Carbon Steel
1% Cr 0.2% Mo Steel
5% Cr 0.5% Mo. Stedl
9% Cr 1.0% Mo. Stedl
18%Cr 8%Ni S.S.
18% Cr 8% Ni (Low Carbon) S.S.
18/Cr 10/Ni/ 3/Mo S.S.
(Low Carbon) S.S.

Ti Stabilized 18/8 S.S.
12%Cr.SS.
17%Cr.SS.

26 Cr 6 Ni Duplex SS
22 Cr5Ni 3Mo. Duplex S.S.
99.90 Copper
70-30Brass

Muntz Metal (60% Cu)



Alloy Alternate
UNSH Const.  Designation
C23000 19 ASMEB16.22
C63000 19 AMS 4640
C68700 19 ASMESB111
C44300 18 ASMEB111
C70690 19 ASTM F96
C71590 16 ASTM F96
N04400 12 AMS 4544
N08825 10 ASMEB163
NO06600 10 AMS5540
N06625 10 AMS5401
N10001 10 AMS5396
N10002 10 AMS5388
N10276 10 ASMEB366
N02201 09 AMS5553
N0890%4 10 ASMEB625
Z13001 13 ASTM B6
R05200 06 ASTM B364/365
R50250 0.7 ASTM F67
R60701 10 ASTM B493
A96061 09 AA6061
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Major Constituents
(or common names)

85-15Brass
Aluminum Bronze

Aluminum Brass (Arsenical)

Admiralty Brass
90-10 Copper Nickel
70-30 Copper Nickel
Monel 400

Incoloy 825

Inconel 600

Incond 625
Hastelloy B
Hastelloy C
Hastelloy C-276
Nicke 201
23-1-4-25Cr-Cu-Mo-Ni
99990 Zinc
Tantalum

Titanium
Zirconium
Aluminum



V. Maintenance

The only maintenanceiteminthe M S1000isthe9 volt rechargeable
battery. A battery charger isincluded with theinstrument to facilitate
recharging. Thebattery will rechargetofull capacity inafew hours.
TheLED indicator on the battery charger will turn red whilethe battery
ischarging, and will turn green when the battery isfully charged. Over
timethe rechargeabl e battery may requirereplacement. It should be
replaced with arechargeabl e battery of the sametype. Alternately, a
standard alkaline battery can beinstalled, but you should NOT attempt
to rechargeit. Attempting to recharge an alkaline battery may causeitto
leak and cause damageto theinstrument.

V1. Troubleshooting

If the corrosion rate = 5.00 + 0.05 mpy when the calibration probe
is connected
Check thefollowingitems:
1. Isthecdibration probecompletely pluggedintothe
cableassembly?
2. Isthecableassembly pluggedintotheProbe’ port
ontheinstrument?

If the above methods do not cause the corrosion rateto be 5.00 + 0.05
mpy, it ispossiblethat the cable assembly has been damaged. You may
check the cable assembly for proper operation asfollows:
1. Unplugtheinstrument from the power outlet and turn the power
switchontheinsdefront panel tothe* off” position.
2. Unplugthe cableassembly fromthe*probe’ connection onthe
ingrumen.
3. Placeal000 Ohm resistor acrossthe bottom two pinsof the
probe connector on theinstrument OR usejumper wiresand

16



connect pinsA and D onthecalibration probedirectly tothe
lower two pinsof the probe connector on theinstrument.

You may plug theinstrument into apower outlet, turntheinstrument on,
and then the measured corrosion rate should be 5.00 £ 0.05 mpy. If
theinstrument doesnot calibrate properly, please contact M etal
Samples.

17



VII. Replacement Parts

Replacement partsfor the M S1000 aswell asreplacement el ectrodes
and probesareavailablefrom Metal Samples. Replacement itemsand
part numbersarelisted below:

|tem Description Part Number
MS1000 IN1000
Probe Cable IN1000-2
Rechargeabl e battery (NiCad)* ET0007
Rechargeablebattery (Lithium-lon)* ET1142
Recharger (NiCad)* IN1000-3
Recharger (Lithium-lon)* IN1000-3A
Cdlibration Probe IN1000-4

A completelineof L PR probesand electrodes are available. Please
consult asalesrepresentative at Metal Samplesfor part numbers
andpricing.

* |n 2010 the rechargeabl e battery technology was changed from
Nickel-Cadmium (NiCad) to Lithium-lon (Li-lon). If you are
ordering a replacement battery or charger, you must make sure you
order the correct style (NiCad or Li-lon), or you must replace both
parts (the battery and the charger). If you are uncertain which one
you need, consult Metal Samples for further assistance.
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P/N IN1000-4
Calibration Probe

P/N IN1000-2
MS1000 Cable Assembly

P/N IN1000-1
MS1000 Instrument Assembly

P/N IN1000-3 (or -3A)
Battery Charger Assembly*

19



VIII. Warranty

Metal Sampleswill correct, either by repair or replacement, any defect
of materia or workmanship which developswithin ninety (90) days
after startup, or six (6) monthsfrom the date of shipment totheorigina
purchaser, whichever comesfirst, provided that aninspection by Metal
Samplesdisclosesthat such adefect devel oped under normal and
proper use.
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