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|. Introduction
A. General Description

TheMS2500L corrosion ratetransmitter isatwo-wire, 4-20mA current loop transmitter for corrosion
measurementsusing thethree-electrode, linear polarization technique (L PR). Functionally, the M S2500L
transmitter operatesunder the same principlesasthe automatic L PR instruments offered by Metd
Sampleswith the exception of itslow-power current |oop operation.

Figure1. M S2500L



TheMS2500L transmitter ishoused in an explosion-proof enclosurewith thefollowing ratings:

Housing Ratings:

Classl GroupsB,C,D
Classl| GroupsE,FG
Classll| NEMA 4X

FM Approved CSA Approved

The M S2500L isequipped with 10 feet of transmitter-to-probe cable and usesthe standard five-pin
environmenta connector found onall of our existing L PR equipment. Thislight-armor cable passesinto
the housing through an explosion-proof cablegland.

L ocated inside the housing isan el ectroni cs package cons sting of two printed circuit cards, the mount-
ing bracket for thecircuit cards, and al the necessary termination pointsfor the cableand current loop
connections.

Thetermination pointson the printed circuit cardsare constructed using removableterminal blocks. This
providesapermanent screw type connection which can break-away from the printed circuit cardsfor
their easy removal.

Theprinted circuit cardsrest in diderail swithin the mounting bracket. Oncetheterminal blocksare
detached fromthe printed circuit cards, thecircuit cardsslide out of theinstrument for easy repair,
caibration, or replacement.

B. Principle of Operation

The M S2500L transmitter reads and storesthe potential difference between areferenceelectrodeanda
test electrode. It then appliesacurrent through an auxiliary €l ectrode and thetest el ectrode until the
potential measurement between thetest and the reference el ectrodes changesby 10 millivolts. The
instrument then alowsthis current to settlefor apredetermined length of time (polarization cycle), after
which, it samplesthiscurrent and updatesthe current loop output using the conversion factor of 5.5 pA
per MPY.

Note: The surface areaof the electrode has been adjusted where 5.5 pA convertsto 1 MPY.

Thepolarizing current isthen turned off and the cell isallowed to relax for the samelength of timeasthe
polarizationcycle.



CycleTimeAdjustment

TheMS2500L usesadigital timing circuit which can be adjusted using three 10-position rotary switches
(Figure2). Thefirst switch representstens of minutes, the second switch represents minutes, and the
third switch representstenths of minutes. Thisallowsuser-selectabletime cyclesfrom 00.1 minutesto
99.9 minutesin 00.1 minuteincrements. The switchesarelocated in the upper right hand corner.

Switches

Switches
Output Hode

- Function
Select

Figure 3. Front Board

C. Modes of Operation

An additiond featurethat isincorporated into the M S2500L transmitter isthe ability to monitor and
transmit the corrosion potential of thecell. Thisaswitch sel ectablefunction wherethe4-20mA current
loop representsacorrosion potential of 1V positiveor 250 mV negativefull scale.

Ineither mode, L PR or OFFSET, the user can select two different modes of current loop response.
Thefirst modeisthe normal operation mode or SAM PL E mode. Thismodeisasthe onedescribed
earlier wherethe current loop information isupdated upon the compl etion of ameasurement cycle. This
isthelogical choiceof operation whentaking L PR measurementswherethe current loop information
constantly representsthe corrosion ratein milsper year. Thismode of operation can alsobeusedin
conjunction with electrode potential measurementswherethe corrosion potential can be sampled and
the current loop updated oninterva sas set by the cycletime adjustment.

The second mode of operationisthe TRACK mode. Inthismode, the current loop output isupdated
every 1.5 seconds. When taking corrosion potential measurements, this providesthe user with acurrent
loop output that constantly tracksthe cell corrosion potential. For L PR measurements, the current loop
will reflect the cell responseto the applied current. Thisprovidesan excellent method for selecting the
cycletimefor thenormal mode of operation.



D. Specifications

M odel

MS2500L - Loop-Powered LPR Transmitter (Ordering # IN2500L )

Physical Data

Instrument Weight:

Total Weight w/ Accessories:.
Ingrument Dimensions:

Case Specifications.

CENELEC: EexdlIC

Mounting Specifications.

Operating Temperature:
Storage Temperature:

PerformanceData
Measurement Type:
Range:

CydeTime

Electrical Data
Power Requirements:.

5.021b. (2.28 KQ)

7.081b. (3.21KQ)

5.81"Hx4.5"W x 4.81"D (14.76cm x 11.43cm x 12.22cm)
Explosion Proof (FM, CSA, CENELEC, UL)

Classl, GroupsB, C, D, Classll, GroupsE, F, G Classl|I,

NEMA 4X, 7BCD, 9EFG

0.728"H x 1.756"W (1.85cm x 4.46cm) Bolt Pattern with 1/4-20
Tapped Mounting Holes, or May Be Mounted ona1/2" to 2"
(1.27cmt05.08cm) Pipe Using Supplied Hardware

32°t0 158°F (0° to 70°C)

32°t0 158°F (0° to 70°C)

3-Electrode L PR, Potential
3-Electrode: 0-100mpy Potentid: £ 1V
0.1t099.9 minutes

11to35VDC

Maximum Probe Cable Distance: 10ft (3.05m)

Output Specifications:

Special Features

4-20mA Current Loop Output

» Switch selectable measurement typeand cycletime

» Loop powered

Accessory ltems

10" Probe Cable (attached), Meter Prover, Mounting Hardware, Operation Manual



E. Summary

TheM S2500L transmitter moveson-line corrosion monitoring into therealm of conventiona plant
practice by placing the D.C.- powered transmitter closeto the corrosion rate probe (the sensor) and
using thetwo-wiresignal loop to provide both the power to the transmitter and the proportional signal
corresponding to the data.

User Selectable Operation
Switcheson thetransmitter’scircuit board allow the user to select necessary parameterssuch as:

« Operation Mode: Track or Sample
+ CycleTime: .1-99.9 minutes
« Transmitter Data Type: Corrosion Rate (MPY') or Electrode Potential (mV)

Low Cost
Sincethetransmitter isof thetwo-wiretype, theingtalled cost of aningalationisfar lessthanif the
analyzer islocated inthe control room and signal cablesarerun from the sensor tothe analyzer.

Safe
Thetransmitter itself ishoused in acompact explosion-proof housing.

Standar dized Output

Sincethe4-20mA datasignal from thetransmitter isthemost common inindustrial usetoday, the
display of the corrosionrate dataissimplified. The datamay be displayed on asuitablerecorder, digital
voltmeter or ontheoptional MS2510digital display unit whichwill display loop current, corrosionrate
(MPY), or electrode potential (mV). TheM S2510 also hasan auxiliary power supply for powering the
transmitter and acurrent loop output for passing the dataon to another reading device.

PAIR™ probes (3-electrode, Linear Polarization type) can be used as sensorsfor the M S2500L
without modification.



1. Installation Procedures

A. MS2500L Transmitter Mounting

When mounting the M S2500L choosealocation that isfreefrom vibration. The mounting bracket (U-
bolts) can accept apipethat isno larger than 2.5 inches.

Alwaysremove power to theinstrument when mounting; especially when mounting it in ahazardous
area

(SeeDrawing No. 8102 in Appendix A for preferred hardware mounting scheme.)

B. MS2510 Receiver Installation

The M S2500L transmitter can be used in conjunction with the M S2510 receiver. (See Drawing No.
8101 inAppendix A for connecting thesetwo instrumentstogether. See Section |V for descriptionand
specificationsof theM S2510.)

Front Panel
Two of thethree positions on the front panel of the M S2510 are used with the M S2500L . Oneisthe
loop current in milliampsand the other (far right) iscorrosion ratein milsper year.

Back Panel
Theback panel’s 10-position rotary switchesmust be set to 999 when operated inthe Corrosion Rate
Mode. In Current L oop M odethe switch positions do not matter.

WireConnections

OncetheM S2500L isinstalled, connections are made by connecting thered wire (+) coming out of the
M S2500L to the (+) side of terminals on back of the M S2510 receiver labeled - LOOP +. Connect
theblack wire (-) tothe (-) sideunder - LOOP +.



[I1. Operation

A. Cycle Time Predeter mination

Thefollowing procedure assumesboth the mechanical and e ectricd ingtallation of theinstrument. This

procedure a so requiresthat someform of deviceisavailablefor monitoring theloop (ie., DVM, chart
recorder, etc).

1. Connect theinstrument cableto the probe.

2. Set the sampletimeadjust switcheson the M S2500L to 999.

3. Settheoperation switchesto L PR and TRACK mode.

4. Power up theloop and observetheloop current (using aammeter, recorder, etc). The

current reading will change every two seconds. Thesereadingswill then beginto settle.
Depending upon the conditions, thismay takefrom 30 secondsto 30 minutes. Record this

timeinterval.
'|ﬂ o o I
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Figure4. SettleTime

5. Setthesampletimeadjust switchestothistimeinterval.
6. Set the operation switchestoL PR and SAMPLE.
7. Cycletheloop power on and off. (Break Loop)

8. Theinstrument isnow intherun modeand will updatethe current |oop output onceevery
two sampletimeintervals.



V. Accessories

A. MS2510 Receiver/Power Supply

When operated together, the M S2510 receiver and M S2500L transmitter providethe corrosion
investigator with alow-cost, 4-20mA corrosion monitoring system. Datareceived from thetransmitter is
displayed onthereceiver’sfront pand, athreedigit L.E.D. Thethree-position function switch, located

at the center of thereceiver’sfront panel, permitsthe datato be displayed in oneof two formats,
depending on switch position: milliampsand corrosion rate (MPY). Located at the back of thereceiver
are4-20mA and 10V output terminalsfor connection of thereceiver to acustomer-supplied compuiter,
datalogger, or recorder; connection terminalsfor the M S2500L ; and an A C power cord connector.

General Specifications- M S2510

Display: 3-digitL.E.D. display togive:
a) Loop Current (inmA)
b) Probe Reading (0-100 MPY)
Dimensions: Length: 5.25"
Width: 2.0
Height: 6.6"
Required
I nstallation Space: 43"'x2"
Weight: 3lbs.

Electrical Specifications- M S2510
Power Requirements: 120/240V AC50/60Hz @ Y2Amp
Outputs. 24V DC- 41020 mA current loop drive

4-20mA - isolated output to CPU, etc.
0-10V - isolated output to chart recorder



B. Probes and Electrodes

The PAIR™ probesused in conjunction with Metal Samplescorrosion rateinstrumentsare an essential
component of acorrosion rate measuring system. For thisreason, the composition of the el ectrodes
installed on the probe must be matched as nearly as possibleto the composition of the components of
the processing system inwhich the probeand e ectrodesareinstalled. In addition, the placement of the
probeisextremely important in obtaining accurate corrosion ratereadings. Basically, aprobeissmply a
means of mounting thethree el ectrodeswhich are necessary to make the corrosion rate measurement
and providesameansof electrically connecting the e ectrodes, the composition of whichisdetermined
by the customer.

Theprobesaregenerally classified into two types:. laboratory probesand industria probes. All probes
aresuppliedwithMIL environmental electrical connectorsunless otherwise specified. For further
information on probes and el ectrodes contact:

Meta Samples

PO.Box 8

Munford, AL 36268

Phone: (256) 358-4202

Fax: (256) 358-4515

E-mail: msc@d spi.com

[ nternet: www.metal samples.com



C. Electrodes Normally Carried in Stock

EL-600
EL-601
EL-610
EL-611
EL-612
EL-613
EL-614
EL-615
EL-620
EL-621
EL-630
EL-631
EL-632
EL-633
EL-634
EL-635
EL-640
EL-641
EL-643
EL-651
EL-652
EL-653
EL-654
EL-655
EL-657
EL-658
EL-660
EL-671
EL-672
EL-673
EL-687
EL-681

L azaran' Reference Electrode with one VITON? Gasket
Aluminum, Alloy 6061 (standard)

Copper (99.0% Pure)

Brass(85-15)

Admirdty Metd

Copper-Nickel

Aluminum/Bronze (92 Cu-8 Al)
Copper-Nickel (70-30)

Cold Rolled Mild Stedl (1018) 0.250" Dia.
Cold Rolled Mild Stedl (1018) 0.375" Dia.
304 Stainless Stedl

316 Stainless Stedl

410 Stainless Sted!

430 Stainless Sted!

304 Low Carbon Stainless Steel

316 Low Carbon Stainless Steel
Hastelloy®B

Hastelloy C

Hatelloy N

Nickel 200

Inconel* 600

Inconel 625

Incolloy* 800

Incolloy 825

Mond*

Alloy 20 Cb?

Zinc

Titanium

Tantadum

Zirconium

AluminunVBrass

Replaceable Electrode Assembly for PR-556-E Flush M ounted Probe

!Registered trademark of Beckman Instruments, Inc.

2 Registered trademark of DuPont.

3 Registered trademark of Stellite Division, Cabot Corp.
4 Registered trademark of Huntington AlloysInc.

5 Registered trademark of Carpenter Technol ogy.
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D. Probe Placement

Proper probelocationisthefirst and one of the most important considerationsin obtai ning pertinent
datawith the corrosion rateinstrument. Any system can be expected to have corrosion occurring at
several ratesasafunction of location within the system. Thedifferent ratesmay be dueto changes of
temperature, changesin vel ocity, impingement effects, differencesof metallurgy, variationsin character

of fluid stream, etc. It istherefore unlikely that asingle probelocation will be ableto produce quantita-
tivecorrosion rate datafor the overall system. Each probe does, however, provide valuableinformation
by reading the corrosion at the particul ar location, and by indi cating the general range of overall corro-
sion by following changesin corrosion rates caused by adjustmentsininhibitors, oxygen level or process
vaiables.

Thechangein corroson rate of asystem dueto dtering avariableshould beindirect ratiofor al partseven
though the absol uteratesarewidely different. For instance, if the addition of aninhibitor will reducethe
instrument’ sreading by 90 percent, all normal surfacesof thesamemetd contacted by theinhibitor should
havetheir corrosionratessimilarly reduced. Usualy, aprobelocationisse ected to read onthe high side of
asystem’saverageratein order to accentuate changes.

It should be emphasized that a corrosion rate reading isthe actual corrosion rate taking place onthe
surface of the Test electrode at the time of measurement.

The condition of the probe' s Test el ectrode surface dueto past service, aswell ascurrent process condi-
tions, may have animportant bearing on thereadings.

The corrosion engineer ischallenged to adapt the aboveto hissituation and interpret theresultsin light of
thelocation and operationd factorsinvolved.

E. Probe Installation
Probeingallationsshould generaly be selected on thefollowing basis.

1. Locatetheprobeascloseaspossibleto thewarmest section of the system. If vaporizationis
experienced in the process, the probe should beinstalled immediately after condensation.

2. If thefluidisnormally flowing, it isrecommended that the probe beinserted in suchaway asto
experience gpproximate pipewall vel ocity. The probe should not be installed in astagnant section of
line. Someturbulence at an elbow or teemay result in dightly high, but acceptable, corrosion rate
readings.

11



3. Direct fluid impingement on the probe’ selectrodes (at avery high velocity of about 10-feet-per-
second or s0), should be avoided asthisusudly resultsin abnormally high corrosion ratesaggra-
vated by erosion.

4. Theprobeshould not beinstalledinapositionwhere solidsarelikely to collect. Solidscan build up
onthe probe base and el ectrically short out the electrodes.

5. Any surfaceareain contact with ahydrocarbon phase or gas phasewill not be corroding. There-
fore, representative maximum corrosion ratesare obtained when thetotal Test electrode surfaceis
inwater or eectrolyte.

6. A bypassloop around asection of the main piping may be considered. Probeinspection and
el ectrode replacement can be made without system shutdown. Effectsof vel ocity can be checked
by throttling of bypassvalves.

Theaboveisfurnished asagenera guiddine. Theexisting physical facilitiesof most systemswill dictate

theprobelocation. If thisturnsout to bein conflict with theideal considerations, the probe should be
installed keeping inmind the problemsthat may arise.

F. PAIR™ Probe Assembly

All probeswith replaceable e ectrodes are shipped with the el ectrodes and gasketsin aseparate packet
if the electrodes are purchased with the probes.

When ready toinstall, open the packet and place one of the gaskets on each of thethree mounting pins.

Pin A isconnected to the Reference el ectrode, PinsB and D are connected to the Test electrode and Pin
Cisconnectedtothe Auxiliary electrode.

Figure5. Electrode M ounting Configurations

12



Theéelectrodes should not be handled with bare sweaty or oily hands. If possible, pick up the electrodes
with apaper towel or clean cloth and thread onto each of thethree mounting pins. Theelectrodes
should befirmly hand tightened in place sufficiently to deform the gasket. A oneinch pieceof plastic
tubing dipped over an eectrodeisan effective means of tightening it on the probewithout soil or
damage. Do not forcewith pliersor in avise, asthiswill mark the surfaces. Do not usethread
lubricant.

Themild steel electrodes have been given asurface preparationto permit fastest possibleequilibriumto
thesystem. Any foreign materia such asgrease, oil or sweat will delay obtaining uniformreadings.

Should achangeinlocation or environmental service of mild steel electrodesbedesired, the electrodes
need to be removed, scrubbed with scouring powder and water, and then placed in abeaker of 5-10
percent hydrochloric acid (uninhibited) until the surfacesare uniformly covered with alayer of hydro-
gen gashubbles. They should berinsed thoroughly in clean water beforereingtaling. Thisactionis
usually sufficient to prevent effectsof previous service serioudly interfering with the new application.

13



V. Circuit Description

A. Introduction

TheMS2500L isaL inear Polarization Resistance (L PR) type corrosion monitoring instrument that
trand ates corrosion rates obtained from polarization techniquesinto a4-20macurrent which isthen
transmitted through atwo-wiretwisted cable.

Thisinstrument asoincorporatesthe ability to monitor and transmit the Corrosion Potential, obtained
from LPR probesusing areference electrode. The power for theinstrument issupplied onthe sametwo
wiresthat returnthe corrosionratesignal. Therefore, to power itsinterna circuitry, theinstrument can
use no morethan thefour milliamp, live zero, current supplied ontheloop. This4-20mA type of moni-
toring instrumentation hasbecome astandard in the processmonitoring industry. The4 and 20 milliamp
valuesareused for several reasons:

1. A power supply voltage of 25 voltsor more can be supplied to overcomelong cabledropsor to
fulfill power requirementsfor theinstrumentation.

2. The4milliamp livezero not only providescurrent to power theinstrument, but also providesa
method to determineloopfailure. If the zero output point of theinstrument wasat zero milliamps,
therewould be no way to differentiate between azero output or afailurein theloop.

3. Thetransmissionof alow impedancesigna, (such asacurrent), rather than ahigh impedancesignd,
(such asavoltage), setsup atransmission techniquethat ismuch moreimpervious. Generally, noises
induced onto signal cablesare of very highimpedances. It would takeavery largeexternal forceto
induceanoisesignal onto theloop at acurrent of 4mA or more. Again, if atrue zero point were
used, it might be possibleto induce anoise error around the zero current level. However, the use of
the4maA live zero precludesthispossibility.

14



B. LPR Measurement Technique

The LPR techniqueisanear instantaneous method for determination of corrosion ratesusing PAIR™
probesor smilar probes. Itisasimple processwhichincorporates several steps.

1. Thepotentia difference betweenthetest and the reference electrodeis sampled and recorded.

2. A currentisforced betweentheauxiliary and test electrodesuntil the origina potentia differenceis
changed by 10 millivalts.

3. Thispolarization current isallowed to settlefor auser specified duration.

4. Thecurrentisthen sampled and aconversion factor isused to calculatethe MPY value. 5.5 pA/
MPY.

5. Thepolarization current isrelaxed for the same duration after which, the process can then be
repeated.

The M S2500L instrument incorporatesthe circuitry necessary to perform the above stepsaswell asthe
ability to monitor and transmit the potential difference between thereferenceand test el ectrodes.
Following the above description, thecircuitry isdivided into severa sections:

« Potentia measurement and recording.

« Polarization reference and current control.

+ Clock andtiming circuits.

« Polarization current measurement and conversion.
Generd circuitry required for the operation of theinstrument.

+  Power supplies.

+ Currentloop sensing and control.

« Power onreset

15



C. Basic Structure
Thecircuitry for theM S2500L iscontained on two circuit cards.

TheAlBoard containscircuitry for:

Corrosion potential measurement.

Corroson potentia null and hold.

10 millivolt probe polarization and reference.

Polarization current control, measurement and conversion.

TheA2Board containscircuitry for:

Power supplies.

Clock and timing control circuits.

Power on reset.

Current loop sensing and control.

Output sampleand hold.

16



D. Circuit Description

Thefollowing circuit description describesthe behavior of thecircuitry in the L PR modewith the output
mode set to SAMPLE. Thisisthemost common mode of operation for thistype of instrument. Differ-
encesin operation modesare described infollowing sections.

Power Supplies
The power supply circuitry iscontained onthe A2 Boar d. Thisincludes:

» A 2.5volt referencecircuit made up of U9 and CR6.

» Themain 6 volt source maintained by AR5-A and Q2.

* The 1 volt common reference maintained by ARG.

» The Auxiliary common referenceand supply consisting of AR5-A and AR5-D.
The constant current | C, U9, and the micropower reference diode, CR6, maintain astable 2.5 volt
reference. Thisreferenceisamplified and regulated at 6 voltsby AR5-A. Sincethisisthe main power
sourcefor thecircuitry, the 2N2222 transistor, Q2, in the feedback loop of AR5-A adds extracurrent
drive. ARG containsabuilt-in 200 millivolt reference and apower OP-amp. Together theseareused to

supply a1 volt common sourcefor most of theanalog and digital circuitry. AR5-C and AR5-D are unity
gain buffersused to supply the power to the clock circuitry which tend to degrade the power supplies.

Clock, Timer and Power On Reset Cir cuit
Theclock, timing and power on reset circuitry are contained onthe A2 Boar d. Thesecircuitsconsst of:
* A power on reset pulse generator; U17.
* A clock oscillator and divider circuit consisting of U16and U12.
* A user programmabletimer circuit made up of U8, U10, and U11, and SW3, SW4, and SW5.
Upon power up, apulseisgenerated by U17 which setstheinitia statesof thetimer circuitsto theuser

selected BCD value using SW3, SW4, and SW5. Thetimersare cascaded in order to count down
upon every pulsegenerated from the Q14 output of U12. Upon each compl etion of

17



count down, apulseisgenerated to rel oad the countersand to initiate either apolarization cycleor a
relaxation cycle, (initialy apolarization cycle), depending upon the previous state. Pulsesfrom Q14
output of U12 aregenerated upon 1/10 minuteintervals, (0.166 Hz), which aredivided down fromthe
2730 Hz signal devel oped by the U16 clock oscillator. A 5.332 Hz signal generated by the Q9 output
of U12isasousedto clock thesampleand hold circuits.

Potential Sampleand Hold Cir cuits
The potential sample and hold and measurement circuitsare contained onthe A1 Boar d and aremade
up of:

» Aninfinitetermdigital sampleand hold consisting of :
A bipolar successive approximation ADC using U7, U4, USand AR4-B-C-D.
A 200 millivolt ADC referenceusing part of ARS.

* A low power instrumentation amplifier madeup from AR1-A-B, AR2, R4, R5, R8 and
RO.

* Aninvertingamplifier usng AR1-C,R1and R2.

Asexplained earlier, thefirst part of the L PR measurement processisthe sampling and storing of the
potentia vaue. Thisisaccomplished by adigita sampleand hold techniquewith anindefiniteholding
capability. Ontheinitiation of apolarization cycle, apulsetriggersthe start of asuccessive approxima-
tion conversion performed by U4 and U5. U4 and U5 switch the output of the 12 bit D/A converter
circuit, (U7, AR4-C and AR4-B), using the compari son generated by AR4-D between common and
theoutput of theinstrumentation amplifier, (AR1-A, AR1-B and AR2), unto the output of theinstru-
mentation ampiszero. Thisisby setting abiasonthereference of theinstrumentation amp, SW1-C,
using the output of the D/A converter circuit.

Thisscheme nullstheinstrumentation output to zero so an offset shift of 10 millivoltscan beeasily read
by the next process step. Upon the completion of this process, an end of conversion signal isgenerated
by the successive approximation registers. Thissigna isused to trigger theremaining portion of the
polarizationcycle.

If the OFFSET+ or OFFSET - function is selected, the above schemeisbypassed with thereference
point of theinstrumentation amplifier, SW1-C, set to common and the output of theinstrumentation
amplifier, whichreflectsthe potentia difference, issent directly tothe output circuitsor, if OFFSET- is
selected, the output isinverted and amplified by AR1-C.
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Polarization Current Control and M easur ement
Thecircuitry for the polarization current control and measurement residesonthe A1 Boar d and consists
aof:

A 10 millivolt polarization reference made up from thereference portion of ARS.

Current drive and scaling amplifier using the power amp portion of ARS.

Polarization balancingamplifier; AR1-D.

Current senang differentia amplifier; AR4-A.

Solid state current control switching; U1-A and U1-B.

Upon theend of conversion signal generated by the potential sampleand hold, the current control is
enabled viaSW1-A. U1-B and U1-A areenabled allowing acurrent path through the cell between the
auxiliary and test electrodes. Ascurrent isallowed to flow, the potential of thecell (voltage betweenthe
reference and test el ectrodes, changes. AR1-D monitorsthischange, comparesit with the 10 millivolt
reference (generated by AR3, R3, R7and R10), and controlsthe current drive by AR3 until abalance
point isreached wherethe potential of the cell haschanged by 10 millivolts. The 1.82K resistor, R11, in
thefeedback loop of AR3 givesa0.0 - 1.0 volt drop for aspan of 0- 100 MPY using the conversion
factor of 5.5 WMPY. AR4-A isused asadifferential amplifier which convertstheO- 1 volt drop across
R11toa0.0- 1.0volt signal whichissent to the output circuitry.

Output Sampleand Hold
Theoutput sampleand hold circuitsare contained onthe A2 Board and consist of':

« Aninfinitetermdigital sampleand hold cons sting of asuccessive gpproximation ADC
using U13,U14,U18, AR9 and ARS.

* A short term sampleand holdusing U15-A, AR7 and C13.

When operating inthe SAMPLE mode, thereisapossibility of 3.5 hour holds between reading up-
dates. Thislong hold timeisaccomplished by asecond infiniteterm digital sampleand hold.

Attheend of apolarization cycle, aconversionisinitiated to samplethe current amplifier output inthe

L PR and SAMPLE modes. During thisconversion process, aconversionin processsignal isgenerated
by the successive approximation registers. Thissigna isused to disable U15-A thusmaintaining ashort
term sample and hold using C13 and AR7. Once compl eted, theend of conversion signal reenables
U15-A and triggerstherelaxation portion of the LPR cycle. Thegain of AR7 rescalesthesigna toa 1.0
to5.0volt signa (withreferenceto trueground), whichisused by the current loop control circuitry.
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Current Loop Control
Thecircuitry for the current loop control iscontained onthe A2 Board and consists of :

» Thecurrent |loop senseand balancing amplifier; ARS-B.
» Thecurrent loop control transistor; Q1.
» Thecurrent loop sense network; R23, R24, R25, and R41.

Theoutput of the current |oop must be maintained at the desired signal level regardlessof theamount of
current drawninorder to power thecircuitry. Thisisaccomplished by using the R23 resistor placedin
theloop to develop avoltage drop from-1.0to -5.0 voltsfor acurrent span of 4-20 milliamps. At an
output of zero, the sampleand hold circuitry isat 1.0 volt (with referenceto ground), thisvoltageis
subtracted from the negative voltage devel oped by R23 using the R24, R41, and R25 network. AR5-B
sensesthisdifference and biases Q1 until the current loop developsa-1.0 volt drop acrossR23,
(4mA). At full scale output, the sample and hold devel opsa5.0 volt signal thusrequiring a20mA loop
current to balancethecircuit.

E. Operation Modes

Offset Mode

A mentioned earlier, the polarization current and the potentia null circuitry are disabled when operating
inthe OFFSET+ and OFFSET- modes. Thereferenceto theinstrumentation amplifier, SW1-C, isset
to the common reference and the output of theinstrumentation reflectsthecell potential difference. This
valueissent directly to the output sample and hold circuitry in the OFFSET+ mode. If OFFSET- mode
isselected, AR1-Cinvertsthepolarity and amplifiesthesignal beforeit reachesthe output sampleand
holdcircuit.

Track Mode
When the TRACK modeissdlected, the output sampleand hold circuitry isset to run repetitive conver-
sion cyclescongtantly updating itsoutput on 2.5 second intervals.
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VI. Calibration Procedure

A. Disassembly

After unscrewing enclosure cover and disconnecting J5 connector, removeinterconnected boardsA 1
and A2 from bracket.

Remove shield by removing nutsand washersfrom switches SW1 and SW2 and screws Z5 and Z6.
Replace both screws.
B. Equipment Needed

» 1-Adjustable 18 Volt Power Supply

» 2-Digita Volt Metersand L eads

* 1-Frequency Counter and Probe

* 1-Shorting Plug

e 1-SparelLead
C. Applying Power
Connect positive (+) lead of digital volt meter (DVM) tothe positiveterminal of J3/J6. Connect the
negative (-) lead to positiveterminal of power supply. Attach sparelead to negativeterminal of power
supply and other end to negativeterminal of J3/J6.

Note: Whilemaking connections, power supply should be off. The power supply, DVM, and leadswill
remaininplaceduringal calibrations.

Turn power supply adjustment al theway down. Turn on power supply and DVM. Set volt meter to
read inthe 200 milliamp range. (200.0 mA)

Whilewatching DV M, dowly adjust power supply up to 18 Volts, making surethat the DVM reading
doesnot exceed 40.0 mA.

D. Frequency Calibration
Connect frequency counter ground to pin 8 on U12 and probeto pin 11 on U12.
Adjust R50 until thefrequency readis2730Hz + 1 Hz.

Disconnect frequency counter.
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E. Zeroing Adjustments

Connect shorting plug to J1. Set switch SW1 to the Offset + position and SW2 to the Track position.

Using the second DV M, connect the positive lead to pin 6 on AR2 and the negativelead to wireon
shorting plug.

Adjust R12 until areading of 0.0 mV + 0.1 mV isshown on second DVM.
Move sametwo leadsto pins2 and 3 on AR7 and adjust R46 until it reads0.0 mV = 0.1 mV.

Whilelooking at other (original) meter, adjust R25 until the current reads4.00 mA.

F. Current Span Adjustment

Replace shorting plug with theinstruments meter cable. Insurethat 10 MPY prover isstill inplace.

Hook the positivelead on second DVM to the (A) red position on J1/J5 and the negative to the (B)
blue position on J1/J5. Set meter to read inthe 20 mV range.

Set SW1tothe LPR position, SW2 to the Sample, SW3to 0, SW4to 0 and SW5to 4.

Turn off power supply, wait one second and turnit back on. Let instrument sit for onefull minute.
Note: During thistime, the second DVM will cyclefromOmV to~10 mV every 24 seconds.
During thetimethat the DV M reads~10 mV, adjust R3 until the meter reads10.00 mV £ .01mV
exactly. You have 24 secondsto do thisbefore next cycle.

OnceR3isadjusted, observe meter for two more cyclesto insurethat 10.00 mV £ .01mV isheld.

Removeleadsfrom JI/J5. Adjust R45 until original meter reads5.60 mA.

G. Disconnection
Remove power from power supply and removeall leads.

Replace connectorsand instrument shield. Put instrument back inthe condition that it wasfirst received.
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VII. Instrument Testing and Repair

A. Recommended Test Equipment

1 - Adjustable Power Supply.

1- Digital Voltmeter.

1- Digital Voltmeter with capability of reading current.
1- Dual channel oscilloscope.

1- 10 MPY meter prover.

1 - Set of working replacement boards.

1 - Replacement cableand connector assembly.

Note: Unlesssuitableenvironment and expertiseisavailablefor thetesting and repair of sensitive
electronics, it isrecommended that component level testing and replacement for thisinstrument be
performed only by Metal Samples.

Caution: Wheninstrument isoperated in hazardousareasall power to theinstrument must beremoved
before opening cover. Theinstrument was designed for easy board accessand replacement inthefield.
However, itisrecommended that all e ectrical testsbe performed in alaboratory or bench top environ-
ment.

B. Board Removal

After unscrewing enclosure cover and removing probe and loop current connectors, removeintercon-
nected boardsfrom bracket. The boards should easily dide out from bracket.

C. Electrostatic Shield Removal

Usingal1/16" Allenwrench, removethe knobsfrom the shaftsby loosening the4 Allen head set

screws. Then removethetwo switch mounting nutsusing a3/8" socket wrench. Removethetwo
Phillips head screwsfrom thetop of the el ectrogtatic shield and removethe el ectrostatic shield
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D. Visual Inspection
Carefully separate the boards and inspect thetwo circuit boardsfor:
» Signsof overheating or overheated components.
« Short circuitscaused by foreign debris.
* Broken or cracked solder traces.
» Corrosion on connector surfaces.
» Generd corrosion attack to boards or componentsin general.
 Signsof moisture damage or condensation.
» Tampering or abuse.

Inspect all cable connectionsand connectorsfor integrity. If necessary, useaDVM set to read ohmsor
continuity to test cablesand connectors.

E. Electrical Testing

Carefully reassemblethetwo circuit cards. For testing or calibration purposes, theinstrument can be
operated without the el ectrostatic shield. However, it isnecessary to replace thetwo screwsused to
securethe upper part of the shield. Thesetwo pointsare used for board interconnection of theinstru-
ment ground. It will aso benecessary to temporarily replacethetwo control knobsby tightening only
thetwo set screws used to bind theflat parts of the switch posts.

Connect the spare cable assembly to the connector onthe A1 Board. Notethat the cable shield need
not be connected for testing purposes. Placea10 MPY prover on the cable connector. With the power
supply turned off, connect the power supply and the current reading DV M to the A2 Board connector
observing proper polarity. Set the mode of operation to L PR and the output modeto SAMPLE. (Refer
to thelabeling on the electrostatic shield). Set the SAMPLE TIME to 00.1 minutes. Turn on the power
supply and observethe current. If the unit functions properly, the current reading should settle out to
5.6mA (£ 0.1mA) after 2to 3 polarization cycles. If theunit malfunctions, one or moreof thefollowing

symptomswill appear:
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1. Theunit givesincorrect readings (Error >+0.1 mA).
2. Theunitiserratic or hasintermittent operation (Readingsfluctuate).
3. Theunit drawsexcessive current (30mA or more).

| solate the problem to thefaulty board by substituting aspare working board and retesting theinstru-
ment following the above procedures. At thispoint, repairs could be considered complete by using the
replacement board. Theinstrument can now be reassembled, recalibrated, and placed back into ser-
vice. However, if component level repairsareintended, thefollowing guidelinesareintended to help
isolatethe cause of the problem.

Incorrect Readings

If theerrorsareminimal (£2mA), thiscan usualy be corrected by recalibration of theinstrument. Follow
therecalibration proceduresand retest theinstrument. If theinstrument cannot berecalibrated then
check thefollowing points:

During arelaxation cycle, the output of theinstrumentation amplifier (AR2 pin 6) should beequa tothe
common referencepoint. If thereisan error, the problemisin theinstrumentation amplifier (AR1L-A,
ARI1-B and A2) or the operation of the OCP sampleand hold circuit (U7, U4, U5, AR4-C, AR4-B
and AR4-D). Besureto check the sampleand hold clock (U12 pin 13) and thetriggering signa (U2
pin 1) for thiscircuit.

Test voltage between J1-B and J1-A for the 10.00 mV offset during apolarization cycle. If thereisno
offset, then check the 200mV referenceat AR3 pin 1 and thedivider output at AR1-12 (~10 mV).
Check the current gate (U1-A and U1-B) and the current enable pulseat U1 pin 6.Alsotest CR1 and
CR2.

If thereisan error inthe offset (> = 1mV) during the polarization cycle, the output of theinstrumentation
amplifier (AR2 pin 6) should be~10 mV, theinputsof AR1-D (pins 12 and 13) should beequal, and
the output of AR3 pin 6 should be~100 mV. Test the operation of AR1-D, thisamplifier controlsthe
offset voltage by adjusting the current driven by AR3.

Test the operation of thedifferential amplifier (AR4-A). Theoutput of AR4-A pinl should be 100 mV.

Test the operation of thelong term sampleand hold (U13, U14, U18, AR9 and ARS8). During arelax-
ation cycle, the output of AR9 should be 100 mV; same astheinput of AR8 pin 3. If thereisan error,
check the operation of U13, U14, U18 the sample and hold clock (U12 pin 13) and thetrigger pulse at
theend of the polarization cycle (U3 pin 13).

Test the operation of the short term sample and hold (U15-A, C13, and AR7). During therelaxation
cycle, theoutput of AR7 should beat 500mV. If thereisan error, check the operation of the sample
and hold gate (U15) and the hold pulse (U15 pin 13) the hold pul se should only occur during aconver-
sioncycleof Ul3and U14.
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Test the operation of the current loop control circuit (AR5-B and Q1). Theinputsof AR5-B pins5and
6 should beequal. Thevoltagedrop acrossR23 will represent thetotal loop current. Thedifference
between the voltage drop across R40 and the voltage drop across R23 will reflect the amount of current
required to power thecircuitry. Thiscurrent cannot exceed 4mA.

Erraticor Intermittent Operation

Thisproblemismost often caused by faulty switch contacts. Again, if thereisvisua evidenceof corro-
sion attack or moisture on the boards, then the switch contactsare most likely damaged. It will be
necessary to replacethe switchesor the boards.

Check the operation of the power on reset circuit. cyclethe power off and on and check the output of
U17 pin 3. There should be ahigh pulsefor one second after the power isapplied to thecircuit.

Check the operation of the system clock. U16 pin 3 should show a2750 Hz squarewave. Thisis
divided downto a.1666 Hz squarewave by U12 pin 3.

Check thetimer circuits (U8, U10, and U11). There should be a pul se each the time the counter
reaches0 at U8 pin 12 and the countersrel oaded with the BCD value of the switch settings.

Check the control circuits. U2-B outputs (pin 13 and 12) will aternate between pol arization mode and
rel axation mode upon each countdown of thetimer circuits. U3-A controlsthe current gate (pin 1), U2-
A controlsthe OCP sampletrigger (pin 1), and U3-B controlsthe output sampleand hold (pin 13)

Excessive Current
Thissymptom (current > 30mA) isusualy caused by afaulty or damaged component which drawsan
excessive amount of supply power. Test for avoltage drop acrossR4.

If avoltage drop appears, current isdrawn by theloop control circuit. Test the operation of Q1 and
ARD. Test to seethat R23 isnot damaged.

If no voltage drop appears, current isdrawn by afaulty or damaged component. Check the+V and
+V 1rails. They should be about +6 voltswith reference to ground. Also check COM and COM 1
these common reference points should beat + 1 volt with referenceto ground. If |eft operating for 30
minutesor more, thefaulty component may overheat. If thisoccurs, the component canthen beeasily
located and replaced. If not, then the component must belocated by substitution or the board replaced.

If the cause of the problem cannot be resolved, send unit back to Metal Samplesfor repair. Useformin
theAppendix E of thismanual.
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Recalibration
Oncetheinstrument has been repaired, it should be recalibrated as described by the Calibration Proce-
durein Section V1.

Replacement
After repairing or replacing boards, interconnect the two boards making sure that the connectorson
each board (probe and |oop current) are at the same end and that no pinsare bent whileinserting.

Replacethe shield after removing nutsand washersfrom switches. Put screws back into boardsand
nuts and washersback on switchesto secure. Replace knobson the switches.

Reinsert boards back into bracketswith connectorsfacing out. Insurethat the connectorsfacetheir
respectiveaccessholesinthehousing.

Test theinstrument using aprover to insure proper operation.
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VIII. Current Loop Operation and Testing

A. Recommended Test Equipment

* 1- Portable DVM with theability to read current.
* 1-10 MPY meter prover.
* 1-1K ohm 1/4 watt resistor.

B. Instrument and Loop Verification

Withtheinstrument installed and thewiring for the current loop complete, install the DVM inthe current
loop and set it toread current inmilliamps. Install the 10 MPY meter prover on the probe cable. Set the
operation switchesto L PR and SAMPLE. Set the sampletime switchesto 00.1 minutes.

Theuseof the 10 MPY prover insuresthat there are no ground fault currents caused by anon-isolated
loop during this step of thetest procedure.

Power up theloop and observethe current. After 30 seconds, the current should settle out to 5.6
milliamps. If thereadingsare correct, the operation of theinstrument and the current loop are correct. I
thereadingsareincorrect, test thevoltage at the current loop terminalsfor the minimum specification of
11 volts. If thevoltage meetsthe specification, thenit ispossiblethat theinstrument needsrepair or
recaibration.

C. Probe Element Testing

SettheDVM toread DC voltagein millivolts. Test the Offset Corrosion Potentia acrossthe Reference
and Test electrodes (pinsA and B on the probe connector). For the M S2500L to operate correctly in
the LPR mode, thisoffset potential can beno greater than + 200 millivoltsand no lessthan -200
millivolts. If the OCP doesnot fal withintheselimitsof £ 200 millivolts, itispossiblethat aL azarantype
electrodeisused for thereferenceor, thereference and test el ectrodes are of dissimilar metals. De-
pending upon the application, thismay betheintention of the user if theinstrument is I ntended to oper-
ateonly inthe OFFSET mode.
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D. Current Loop Isolation Testing

Disconnect the current |oop connectionsfrom the M S2500L instrument. Using aclamp or aligator type
connectors, connect one end of the 1K ohm resistor to the probe body. Connect the positive side of the
current loop to the other end of the 1K ohm resistor. With the current |oop powered up, read the
voltage drop acrossthe 1K ohmresistor in both AC and DC modeson DV M. In either modethere
should belessthan 10 millivoltstoindicate afl oating loop. Repesat thetest using the negative side of the
loop. If thevoltage drop isgreater, thisindicatesthe presence of anon-floating power supply or the
current loop monitoring device (chart recorder, panel meter, computer inputs, etc.) isof agrounded or
non-floating nature. If thisisthe case, do not attempt to connect the probe connector to the probe. A
loop isolator or arepeater power supply suchasaMTL #2441 must be used.
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Appendix A: Drawings
1. Assembly Drawings
Al Board Overlays
A2 Board Overlays
Cable Assembly

2. Installation Drawings

Physical Dimensions and Mounting Details
Field Wiring
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Appendix B: PartsList

B.1 M S2500L
Refgrence Part No. Description Quantity

Designators

A1 IN2500L-1 Measurement and Control Board 1

A2 IN2500L-2 Loop Control & Timing Board 1

H1 IN2500L-12 Enclosure Assembly 1

CA1 IN2500L-3 Cable Assembly 1

AC1 IN2500L-4 Accessory Kit 1

MN N/A Operatioon / Maintenance Manual 1
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Appendix C: Effects of Process Variables

1. Temperature

Asagenerad rule, increasing temperatureincreases corrosion rates. Thisisdueto acombination of
factors: first, the common effect of temperature on the reaction kineticsthemsel vesand second, the
higher diffusion rate of many corrosive by-productsat increased temperatures. Thislatter action delivers
these by-productsto the surfacemoreefficiently.

Occasionally, thecorrosionratesin asystemwill decrease with increasing temperatures. Thiscan occur
because of certain solubility considerations. Many gaseshavelower solubility in open systemsat higher
temperatures. Astemperaturesincrease, the resulting decreasein solubility of the gascausescorrosion
ratesto go down.

2. pH

Corrosion rates almost always increase with decreasing pH (increasing acidity).
Thisisadirect result of increasing the concentration of an aggressiveion (H-) and
increasing the solubility of most potentially corrosive products.

3. Oxygen Concentration

Oxygen’srolein corrosion is as an aggressive gas or oxidizing agent. Asits con-
centration increases, corrosion rates increase until the rates of diffusion to the sur-
faces reach a maximum. The same principles apply to most other oxidizing agents,
such as Cl2, H. Br2.

4. Fluid Velocity

The dependence of corrosion rate on fluid velocity is complex. In general, the
higher the velocity, the higher the corrosion rate. At very low velocities, even zero,
there are diffusion effects that can cause corrosion. Asfluid velocitiesincrease
from stagnant to moderate values, the corrosion ratesincrease. Then, asthe limit of
diffusion at aparticular temperature isreached, further increasesin velocity have
little effect on the corrosion rate. At some point, however, the velocity reaches such
high valuesthat the surface film of the metal begins to be damaged. At these veloci-
ties, the corrosion rates resume increasing with the higher velocities.
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5. Suspended Solids

Anincrease in suspended solids levels will accelerate corrosion rates. These solids
include any inorganic or organic contaminants present in the water. Examples of
these contaminants include clay, sand, silt or biomass.

Some specific contaminants can interfere with the Linear Polarization corrosion rate
measurement, among these are iron sulfide, and hydrocarbons.

Iron sulfide, in the form frequently encountered in some applications, is electroni-
cally conductive. Sincethe Linear Polarization Technique assumesionic conductiv-
ity between the electrodes, thisinterfereswith the measurements. When significant
amounts of FeS are present in the system, itsinterference exhibitsitself asrapidly
Increasing corrosion rates until the maximum full scale (or unreasonably high) level
IS reached.

In the opposite way, hydrocarbon contamination of Linear Polarization electrodes
will effect the readings. Usually, hydrocarbon “ coating” of the electrodes isolates
them from the el ectrolyte and from electrical communication with each other. This
resultsin very low corrosion rate readings.
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Figure6. Typical Behavior of Corrosion Rate asaFunction of Process Variables



6. Electrode Potentials

Corrosion reactions are a.combination of oxidation and reduction reactions.

Oxidationisthe eectrochemical process by which an element or speciesloseselectronsand increases
itsvaencestate. A metd transforming to ametal ion with the ssmultaneouslossof anelectronisan
example.

M— M +¢€

0z
Fer* |

0

Vo s l\
- \m
v /,/

Figure7. Corrosion Reactionson Iron

2 0,

‘

‘,.?

Reductionisthe el ectrochemical processby which an element or speciesacquiresoneor moreelec-
trons, thusreducing itsvalence. Thetransformation of hydrogen ionsto atomic hydrogen isan example.

Ht+e — H°

When reactions of thesetypesoccur, they never occur inisolation, only in pairsor combination. Infact,
the oxidation process, which produces more el ectrons, depends on the simultaneous consumption of
those el ectronsby areduction reaction. If no reduction reaction isavailable, no oxidation occurs. In
these cases, the specieswhich undergoesareduction reaction iscalled the oxidizing agent.

The quantitative study of oxidation reduction reactionshasresulted in two useful concepts:

1 Oxidation reduction potential s (which apply to eementsand compound).
2. Gavanic series(which gppliestodloysinther environments).
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Oxidation Reduction Potentials

Thetablebelow isalisting of some useful oxidation-reduction potentials. Thesevaluesrepresent the
thermodynamic tendency for theindicated reaction to occur on arelativebasis. All potential valuesare
compared to an arbitrary va ue of 0.00 voltswhichisassigned to the hydrogen oxidation reaction. The
more negative avalue, themorelikely thereaction will proceed inthedirection shownintable. Thuswe
seethat zinc oxidation

Zn— Zntt+2e-  E=-0.763volts
ismorelikely to occur thaniron oxidation

Fe — Fet*+2ec  E=-0.44volts
which, inturn, ismorelikely than hydrogen oxidation

Ho, — 2H* + 2e- E=0.00volts

Someother generalizationsdrawn from the standard oxidati on reduction potentid tableare:
1. Oxygenisastronger oxidizing agent than hydrogenion.
2. lronismorereactivethanlead, copper or silver.
3. Goldisvery unreactive.

More Reactive Reaction Eo (volts)

Na— Nat+ e -271

A Mg — Mg+ + 2 -2.38
Al — Al*+* + 3e - 1.66
Zn — Zn*tt + 2 - 0.763
Fe — Fett + 2e - 0.409
Ni — Ni** + 2e - 0.250
Pb — Pb** + 2e - 0.126
H— 2H* + 2e 0.00 Reference
Cu — Cutt + 2e +0.34
40H — O, + 2H,0 + 4 +0.401
Fet2 — Fettt + e +0.771
Ag=Agt+e +0.799
2H — Hgo't + 2e +0.905
2Br- — Bry + 2¢” + 1.06
2H,O — O, +4H* +4e +1.23
2ClI- — Cly + 2e +1.36

Y Pt — Pt++ + 2e” +1.2
Au — Auttt + 3e +1.498

MoreNoble
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Galvanic Series

Thetablebelow isasmpleversion of thegavanic seriesof alloysin seawater. Because e ectrode
(oxidation-reduction) potentia sonly apply to pure e ements and true compounds, another systemwas
developed to comparetherelativereactivity of aloysinan environment. Thisserieshasthe added
advantage of dlowing youto predict the gavanic behavior of certain aloy pairsin an environment.

If apair of alloyslisted inthe seriesare coupled, thealloy higher inthelist will be corroded morerapidly
thanif it were uncoupled, and thealoy lower inthe serieswill be protected, or corrodemoreslowly
thanif it wereuncoupled. Thetable showswhy aloysof duminum and magnesium aregalvanically
coupled to stedl to protect the steel. Coupling steel to copper, brass, or stainless stedl acceleratesthe
corrosion of stedl.

Active/ Anodic
A Magnesum
Zinc
Aluminum
Iron/ Stedl
Lead
Brass
Admirdty
Copper
v 70-30 Copper Nickel
Stainless Stedl (passive)

Noble/ Cathodic

7. Common Corrosive Agents

Mogt, but not al, of the common corrosive agentsencountered inindustrial watersare gases. The
reactionsof importanceare:

2H*+2¢ —> 2H — H,
O, +4H" + 4 — 2H,0
O, + 2H,0 + 4&= — 40H"
HCO; + e — HO+ CO52
Cl, + 2ec — 2CI

Other corrosiveagentsoccur inindustrid waters, athough infrequently. Among thesearetheferricion
(Fe***), sulfideion (S2), bromi ne(Br,), and cupricion (Cu™™).
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Appendix D: Warranty Information

Metal Sampleswarrantsthat any part of the M S2500L and accessorieswhich provesto be defectivein
materia or workmanship within oneyear of thedate of original shipment to Purchaser will berepaired
or replaced, at Metal Samples’ option, 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 to final determination asto the existence and cause of adefect.

Theforegoing shall congtitutethe soleand exclusiveremedy of any purchaser of Metal Samplesprod-
uctsfor breach of warranty and ISEXCLUSIVEAND IN LIEU OFALL OTHERWARRANTIES,
EXPRESSED, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIESOR
MERCHANTABILITY AND FITNESS. INNOEVENT SHALL METAL SAMPLESBELIABLE
FOR SPECIAL OR CONSEQUENTIAL DAMAGES, OR FORANY DELAY IN THE PERFOR-
MANCE OF THISWARRANTY DUETO CAUSESBEYOND ITSCONTROL.

Ordersor request for additional information should be addressed to:

Meta Samples

PO.Box 8

Munford, AL 36268
Telephone: (256) 358-4202
Fax: (256) 358-4515
E-mail: msc@d spi.com

Thetechnica 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.

Shipping Address

Meta Samples

152 Metal SamplesRoad
Munford, AL 36268
Telephone: (256) 358-4202
Fax: (256) 358-4515
E-mail: msc@d spi.com



Appendix E: Maintenance and Repair Instructions

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

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 theinstru-
ment toyou.)

2. Instrument I dentification:
Instrument Model # Seria #
Date and L ocation of Purchase
Company’s Purchase Order #for Origina Sale

3. Returnthelnstrument to:
Company Name

Address/Location

Telephone Number:

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

5. Urgency of Repairs:
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