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|. Introduction

A. Instrument Function Overview

TheMS3500L datalogger isdesigned to provideacontinuousrecord of corrosive activity in remote
locations that areinfrequently visited, such ascross-country pipelines, and unmanned production
platforms. However, thisunit findsequal application inlocationsthat areinconvenient or difficult to
accesson aregular basis, such asrefinery overheads, and flue-gas stacks.

TheM S3500L iscompletely self-contained with the onboard battery system supplying thetota power
requirement for operation. It can be used with any of Metal Samples’ LPR probes, or those of al other
major manufacturers. Onceinplace, it will automatically read the probe at customer-selected intervals
and storetheresulting datain the unit’sonboard memory. Theonboard memory will collect upto
3,000 data points before datadownload isrequired. With practical datacollectionintervals(1- 2
hours), the unit may be unattended for several months between downl oading operations.

Anoptical, infrared, RS232 communication link isprovided for datadownload to either an IBM
compatible PC or Metal Samples M S1500L portable LPR datalogger. Downloaded datamay be
analyzed, reviewed, or reported by conventional spreadsheet, database, or mathematical software
packages.

The infrared communication link is an integral part of theintrinscally safe design of theM S3500L .
Optical instead of electrical, thisuniquefeature permits datato be downloaded to an M S1500L while
dtill inthe hazardous area.

Another uniquefeature of the M S3500L isthehighlevel of onboardintelligence. Thetwo-line, 20-
character |cd dlowsvisua review of dl historical datain memory and readsdirectly as”total meta loss’
and/or “ averagecorrosionrate’. Thisisincontrast to other commercially availableunitsthat storeand
display only theraw “resistanceratio” that requiresadditional manipulationto provideuseful and
intelligibledata

Thelcd screen, together with the 2-key membranekeypad, providesauser-friendly, interactive,
prompting system that isused for both system setup and datareview. Thismakesthe M S3500L the
most advanced unit of itstype on the market.

By adding a4-20mA communication facility, theM S3500L becomesan MS3510L. Thisallows
continuoustransmission of data, viaa4-20mA loop, toaplant computer or central datalogger, for
integration with other real-time process parameters. Thisdatatransmission can beaccomplished
without disruption of the unit’sbasi clogging and datastorage operations. The4-20mA |oop extends
the capahiilitiesof the unit toinclude conventiona, in-plant, real-time datacommunication.

TheMS3500L unit usesastainlesssteed NEMA 4X (IP66) enclosure, making it suitablefor useinthe
most extreme of outdoor conditions.



B.Instrument PartsList

TheMS3500L/M S3510L issupplied withthefollowing accessories.

Part no. Qty. Description

ET0133 6  1.5V,AADryCdls(Installed) -+

ET0612 1 4-20maL oop Connector (MS3510L Only)

INIS00L-3 1  Meter Prover %

INI500L-5 1  67To5PinProbeAdaptor ‘;;’,‘;‘MWI Hl] AU
IN3500-2 1  OptilinkCable SRS 8= |
IN3500-4 1  10Ft. ProbeCable g CHl
IN3500-6 1  Serial Port Adaptor 0 j]

IN3500L-2 1 OperationsManual

IN3500L-4 1  Galvanic Probe Adapter ;;’;QM\WI Hljgéf;';,e

Upon receipt of theinstrument, the user should verify that the abovelisted accessoriesareincluded.
Any shortage should bereported immediately to:

Metal Samples

Phone: (256) 358-4202
Fax: (256) 358-4515
E-mail: msc@alspi.com



1. Installation

A.Enclosure& Mounting Details

TheMS3500L enclosureisfabricated in carbon steel with abaked-on, high-build epoxy coating. The
unit hasahinged door that i s secured, when shut, by screw-down clampsthat discourage unauthorized
tampering. Theenclosureisconstructed to NEMA 4X (1P 66) weatherproof standards, making it

suitablefor themost rigorous of outdoor environments.

Theoveradl dimensionsof theunitare 11%%" (height), 9" (width), 4%" (depth), making it aconvenient
sizeto mount eveninthemost confined of locations. For thebest results, theinstrument should be
mounted within ten feet of the probelocation. Tofacilitatethis, theunit hasaversatile mounting flange
withfour .31" diameter, mounting holes. Overall dimens onsand mounting hole centersareshownin

Figurel.
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Figurel. M S3500L Dimensions



B. Battery I nstallation

TheMS3500L instrument usessix 1.5V, AA size batteries, connected in series, asaprimary power
source. Whileany AA sizebattery can be used, Duracell or Procell Type MN1500 or PC1500
batteriesare required to meet theintrins ¢ safety certification requirements. Sincethe M S3500L
operatesinalow power consumption mode between readings, battery lifewill beafunction of the
reading interval and measurement timecycleset by theuser. Atthemost frequent reading interval (1
per hour), aminimum battery life of four monthsisto be expected. Morepractical intervals, such as
every 12 or 24 hours, will yield abattery lifein excess of twelvemonths. Generally, to avoid
unexpected power drains, batteries should be replaced onceevery six months. Intheinstanceof alow
reading interval (1 per 4 hoursor less), three month battery replacement isadvisable.

Batteriesare mounted in the back of the M S3500L/M S3510L, behind the instrument screen and
keyboard panel. Thebatteriesare accessed by loosening the two thumbscrews on theright side of the
panel, then swinging the hinged panel opentotheleft. Careshould be used when openingand closing
the panel to ensurethat theinternal wiring isnot pinched or damaged. Oncethepanel isopened,
batteries can beinserted or removed from the spring-loaded retainer as shown below.

Note: Battery replacement should only be performed after removingthe M S3500L from
hazar douslocations.
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Figure2. MS3500L Battery Installation



C. 4-20mA Loop Installation

1. Electrical Connections

The MS3510L is available with a 4-20mA communication outlet that allows continuous, real-time
integration of LPR corrosion data with other process parameters in the main plant computer. The
4-20mA outlet port is a 2-pin military connector (MIL 14S-9SF) on the base of the unit, marked
4-20mA. The mating connector for this outlet (ET0612) is supplied as part of the accessories for
the MS3510L unit. The positive lead of the communication loop should be connected to the “A”
terminal of the ET0612 mating connector, and the negative lead to the “B”. The loop can then be
connected to the 4-20mA instrument outlet.

= Metal Samples

=— Corrosion Monitoring Systems

OPTI-LINK
DATA PORT PROBE 4-20

A B
o O
VIEW A-A

2-PIN MALE CONNECTOR
(VIEWED FROM SOLDER-SIDE)

PIN 'A’ (+ CURRENT LOOP) |

I PIN 'B' (- CURRENT LOOP)
514

MS3510L Connections

The loop should be powered by 10-24 VDC. For hazardous applications, an appropriate Zener
barrier should be installed in the loop, or power should be supplied from an intrinsically safe
repeater power supply. Typical hazardous installation is shown on page 38.

2. Output Scaling
The scale of the 4-20mA current loop depends on the measurement setting being used. The
following table gives the scaling factors for each measurement type.

Measurement Type 4mA 20mA

2-Electrode 0 mpy 200 mpy
3-Electrode 0 mpy 150 mpy
Galvanic (Current) -999 uA +999 pA
Potential (Voltage) -999 mV +999 mV




D. Probe-I nstrument Connection

TheM S3500L can be mounted directly onto an LPR probe. However, in many instances it is either
inconvenient or undesirableto mount theinstrument directly onto the probe. For thesecircumstancesa
IN3500-4, ten-foot, extension cableisprovided. Theextension cable hasintegral connectorswitha
guiding keyway to ensure correct pin alignment when attached. Thefemal e connector mateswith the
probe, or probe adaptor, and the male connector mateswith the central terminal on the base of the
MS3500L unit.

Thelength of the extension cable has been car efully deter mined so asto avoid excessive
signal noise. Longer extension cablesshould only beemployed after consultation with M etal
Samples.

Theextension cable provided will matedirectly withany Metal Samples’ LPR probeor those of any
other ma or manufacturer, which useastandard six-pin connector. For probeswhich useafive-pin
connector instead of asix-pin connector, the IN1500L -5 (6 to 5 pin adaptor) isused.

E
A ®p
® ®
B c
® O
5-PIN PART# IN1500L-5 6-PIN MALE
FEMALE 6 TO 5 PIN ADAPTER CONNECTOR
CONNECTOR (SUPPLIED)
______ [
Y A.—\—'
A A *——
,——' B B @ ‘—.B B
1| | e o: | 5| o—
j—'n D'—,—‘E E| &—
F F
I— O E.—ll x
_3-_E:E_C'FR_ODE PROBE 6 TO 5 PIN ADAPTER 6-PIN INSTRUMENT CABLE
WITH 5-PIN CONNECTOR
- 1
(,_L—E—.‘ A.—\—'A :
) ——® s B®— @& B
: L e co———8¢ ol &
[ .—lf—in n'—, ,—.E E| —
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X—T—®= E
L ]
2-ELECTRODE PROBE 6 TO 5 PIN ADAPTER 6-PIN INSTRUMENT CABLE

WITH 5-PIN CONNECTOR

Figure4. Adapter Connection for 2-ElectrodeL PR Probe

Theuser may from timeto time, encounter probeswith anon-standard probe connection, especially if
the probesare of non-standard commercial variety. To account for thispossibility an IN1500L-4, flying
lead, cableadaptor isavailable. Thiscomprisesaconventional instrument end connector, attachedtoa
cablewithflying leads, terminated indligator clips. Thisalowsfor individua terminationsto bemadeto
any non-conventional probe, providing the probe connector pin-out isknown. If theuser isunfamiliar
with the pin-out on any particular probe, thiscan be established prior to probeinstallation by performing
asimplecontinuity check between the probe el ectrodes and the probe connector pins.
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E. Data Download Connection
To download datafrom the M S3500L to a PC usethe Optilink Cable and Serial Port Adaptor.

Note: DoNOT plugthephonejack on theend of the Optilink Cabledirectly intoyour PC's
modem.

If aseria port isunavailableon your PC and you wish to connect the M S3500L to your PCviaaUSB
port, you may useaseria to USB converter. Thisconverter isnot included with theinstrument, but may
be purchased serparately at major electronicsretallers.

To download datafrom the M S3500L to aM S1500L connect the Optilink Cabledirectly to the
MS1500L.

Detailed ingtructionsof datadownloading aregiven onp.16.

UPLOAD
TO MS1500

e = NER UPLOAD TO PC
(SAFE AREA ONLY)

2= Metal Samples
== Corrasion Monitoring Systems

MS3500 SERIAL |[—]
PORT ADAPTER E

MS1500 HANDHELD
DATA-LOGGER

L J
MS3500/MS3510
DATA-LOGGER

v
TO
OPTI-LINK CABLE COMPUTER COMPUTER

T e —— s “seat

Figure5. Data Download Connections



I11. Setup and Operation

A.Main Menu Overview

Oncethebatteriesareinstalled in the M S3500L/3510L , theinstrument screen may be activated by
pressing either of thekeysonthefront panel. The company name“METAL SAMPLES’ and software
versonwill appear, then after afew secondswill automatically changeto thefirst of thefunction screens

that congtitutesthema

A seriesof ninefunction screens can be accessed smply by scrollingusing KEY 1 ontheinstrument
keypad. Each of the ninefunction screensalowsentry into asubmenuto initiate an action such as
MEASURE PROBE or START DATA LOGGING,; aternatively it allowsinput of datasuch asprobe

nmenu.

identification or reading interval.

Each of thefunction screensand their submenusarefully explained later inthemanual. Thefollowing

diagram showsthe sequence of accessto the twel vefunction screens:

METAL SAMPLES
M53500 VERSION XX

Y

TEST MODE
KEY 1 NEXT KEY 2 ENTER

F 3

MEASUR

EPROBE

KEY 1 NEXT KEY 2 ENTER

¥

SYSTEM SHUTDOWN
KEY 1 NEXT KEY 2 ENTER

MEASURE METER PROVER
KEY 1 NEXT KEY 2 ENTER

3

UPLCADTO PC
KEY 1 NEXT KEY 2 ENTER

b

r

VIEW STORED DATA
KEY 1 NEXT KEY 2 ENTER

F 3

b

r

UPLOAD TO MS1500L
KEY 1 NEXT KEY 2 ENTER

F 3

START DATA LOGGING
KEY 1 NEXT KEY 2 ENTER

L

r

SET TIME AND DATE
KEY 1 NEXT KEY 2 ENTER

ENTER PROBE I.D.
KEY 1 NEXT KEY 2 ENTER

F 3

SET MEASUREMENT TIME
KEY 1 NEXT KEY 2 ENTER

L 4

SET READING INTERVAL
KEY 1 NEXT KEY 2 ENTER




Asexplained, each function screen gives accessto asubmenu, the purpose of whichisbriefly described
below:

MEASURE PROBE. Thiswill overridethenorma interva of logging readingsto alow
aspot check reading to be obtained on screen.

MEASURE METER PROVER. Usedtotest theinstrument with the Meter Prover.

VIEW STORED DATA. Allowsvisual review of al readingslogged.

START DATA LOGGING. Initiatesthe datalogging processafter input of appropriate
start-up data.

ENTER PROBE ID Allowsinput of probetypeand reading interval. Together with"SET
TIMEAND DATE". Thiscondtitutesinitial start-up data.

SET READINGINTERVAL. Thisalowstheinitia reading interval that isinput under
"PROBE ID" to be changed without del eting stored data.

SET MEASUREMENT TIME. Thisalowstheinitia measurement (polarization) timethat is
input under "PROBE ID" to be changed without deleting stored data.

SET TIMEAND DATE. Thiscongtitutestheinitial step of start-up data, allowing correct
setting of the“red time” clock.

UPLOAD TO M S1500L . Thisactivatesthe download of stored datato the M S1500L or to
apersona computer.

UPLOAD TO PC. Thisactivatesthe download of stored datato apersona compuiter.

SYSTEM SHUTDOWN. Thiswill stop thelogging process, and minimize power
consumption without del eting stored data.

TEST MODE. Thisallowsacdibration check of the4-20mA loop, and suppliesinstrument
trouble shooting data.



B. Program Setup

Havinginstalled the batteries, the M S3500L isready for start-up programming which compromisesthe
following sequence:

*«SETTIMEAND DATE

*ENTERPROBEID

* START LOGGING

1.Set Time and Date
Thisoperationisillustrated below:

TIME DAY MTH. YR.
XXX XX XX XX
KEY 1 UP KEY 2 ENTER

SET TIME AND DATE KEY 2
KEY 1 NEXT KEY 2 ENTER

\ 4

KEY 2
v

TIME DAY MTH. YR.

XXX XX XX XX
KEY 1 EXIT KEY 2 SET

MEASURE PROBE KEY 2
KEY 1 NEXT KEY 2 ENTER

A

KEY 1
\ J
SCROLL (KEY 1) TO MEASURE PROBE
“ENTER PROBE I.D.” KEY 1 NEXT KEY 2 ENTER

Thescreen of theinstrument isinitialy activated by pressing either key. The“SET TIME & DATE”
function screenisthen accessed by scrolling through themain menuusngKEY 1. KEY 2dlowsentry
into the submenu, and the time and date setup screenwill beshown. Each digit of thetime, day, month,
and year issequentially set usng KEY 1to select theappropriatedigit,and KEY 2to enter thedigit and
movethenext digit of thetimeand date sequence.

Oncethefinal digit of theyear isentered, usng KEY 2, the screenwill automatically changeto thetime/
date display screen. Thisscreen showsthetimeand dateasset up. KEY 2 will accept and storethis
timeand date. KEY 1will rgect thisinformation. Either key will automatically returnthe user tothe
“MEASURE PROBE” screen of themainmenu. If thetime and date has been regjected, scroll tothe
“SET TIME & DATE” function screen, re-enter the submenu and makethe necessary corrections. If
thetimeand date are correct, and the user hasused KEY 2 to accept theinformation, scroll to the
“ENTER PROBE ID” function screento continue with program setup.

Please notethat thetimeand date, once set, should not requirealter ation except after battery

replacement. Should theuser decideto changethetimeand datewhileprobedataisstoredin
memory, all datawill bedisplaced in timeand highly inconvenient tointer pret.
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2. Enter Probe ID

Thisfunctionwill allow the user toidentify the particular probetype or installation location with aunique,
4-digit tag number. Additionaly, it dlowsthe selection of thedesired measurement type. Findly, it dlows
the user to select thedatacollectionrate. The operational sequenceisasfollows:

ENTER PROBE I.D. KEY2 DELETE ALL READINGS KEY 1 MEASURE PROBE
KEY 1 NEXT KEY 2 ENTER g KEY 1 KEY 2 YES KEY 1 NEXT KEY 2 ENTER
KEY 2
v
PROBE XXX XXXXXX KEY 2 PROBE XXXX
KEY 1 UP KEY 2 ENTER KEY 1 UP KEY 2 ENTER
l KEY 2
UNS XXXXXX X.X
KEY 1 UP KEY 2 ENTER
l KEY 2
TIMECYCLE XX MIN KEY2 RATE XX HRS XX MINS KEY 2 MEASURE PROBE
KEY 1 UP KEY 2 ENTER g KEY 1 EXIT KEY 2 ENTER KEY 1 NEXT KEY 2 ENTER

Oncethe*ENTER PROBE ID” function screenislocated onthemain menu, KEY 2 will giveaccessto
thesubmenu. Theinitial screen of the submenu alowsdel etion of any stored data. Normally therewill
beno datastored, since any useful dataset will have been previously downloaded. 1f no useful datais
storedintheunit, pressKEY 1 whichwill deleteall existing dataand give accessto the Probe D
screen. |f useful dataisstored, useKEY 2toreturntothemain menu and download existing
data(p. 19) prior to proceeding.

The Probe ID screen adlows you to insert a4-digit identification number for the probe and/or
monitoring location. Each digitisselected withKEY 1, and individualy entered withKEY 2. Whenthe
fourthdigit of thel D number isentered, the screen will automatically changeto the* measurement type”
Selection screen.

Themeasurement | D screen alowsthe user to sel ect the measurement type by using the* ARROW”
keysto scroll, andthe“*ENTER” key to select. The measurement typesthat are selectableare:

LPR3A: 3-electrode, linear polarization (corrosionrate)
using anodic polarizing current

LPR3C: 3-electrode, linear polarization (corrosionrate)
Using cathodic polarizing current

LPR2: 2-electrode, linear polarization (corrosionrate)

GALV: 2-electrode, zero-resistance, current measurement

POT. 2-electrode potential measurement

11



Upon entry of the probe element 1D, the screen will automatically changeto thecycletimescreen. This
allowstheuser to select the cycletimewith which the probewill read. Thiscanbesetinincrements
fromoneminuteto 15 minutes. KEY lisusedtoincreasecycletimes, KEY 2isusedto enter the
selected cycletime. Thereading frequency isnext set on the screen ashours (two digits) and minutes
(twodigits). Thedefault readingis1 per hour. Eachdigitisselected by aKEY 1scroll, andindividualy
enteredwith KEY 2. Oncethelast minutedigit isentered, the next screen will bedisplayed which
showsthereading frequency asentered, which can then be accepted (KEY 2) or rejected (KEY 1). If
accepted, the screen will revert to the*MEASURE PROBE” function screen, and the user can proceed
tothe“START DATA LOGGING” function. If rglected, thescreenwill dsoreverttothe*MEASURE
PROBE” function screen, but the user isnow required to accessthe“ PROBE ID” function and reset/
correct theprobeID, theelement I D, and the reading frequency prior to commencing with the data
logging process.

3. Sart Data Logging
Thisisthesmple sequence of commandsthat setsthelogging processin motion:

START DATA LOGGING KEY2 SYSTEM READY KEY2
> 4>| BLANK SCREEN
KEY 1 NEXT KEY 2 ENTER KEY 1 EXIT KEY 2 ENTER
KEY1
L4
MEASURE PROBE LOGGING IN
KEY 1 NEXT KEY 2 ENTER PROCESS

Thesubmenuisentered fromthe” START DATA LOGGING” main menu function screen, usng KEY

2. Thefirst submenu screenisthe“SY STEM READY” screen, fromwhichKEY 2will start thelogging
process and shut down the screen for power conservation. If, for any reason, the user doesnot wish to
commencelogging, KEY 1 will allow escapetothe* MEASURE PROBE” screen of themain menu.

Once logging is activated, itwill continueuntil the user activatesthe system shutdown routine, or the
batteriesdischarge. In either event, al datacollected to thispoint will beretained, but no additional data
will becollected. Entering anew probel D will aso stop thelogging processand eliminateall existing
probe datafrom thememory. Prior toentering new probel D, ensurethat all useful datais
downloaded.

Shouldlogging continuein an uninterrupted fashion until the memory capacity of theunitisfull, addi-
tional datawill sequentially overwritetheinitia datapointsstoredin memory.

Theuser should always set adownload schedule of sufficient frequency sothat nomorethan
3,100 readingsar etaken between download oper ations.

12



C. MeasureProbeFunction

The*MEASURE PROBE” function allowsthe user to make aspot-check probereading at any time,

without congtraint of thenormal logging interval. The submenu sequenceisillustrated below:

KEY 2

MEASURE PROBE KEY 2
KEY 1 NEXT KEY 2 ENTER
A
KEY 1 PROBE XXXX XXXXXX
KEY 1 EXIT KEY 2 READ
AUTOMATIC METAL LOSS XXX MILS

COR. RATE XXX MPY

KEY 2

PROBE XXXX XXXXXX
PLEASE WAIT

AUTOMATIC

KEY 1

READING XXX
KEY 1 ENT KEY 2 SAVE

Thefirst screen of the*MEASURE PROBE” submenu displaysthe probel.D. number and

measurement type. KEY 1 exitsto themain menu“MEASURE PROBE” function screenand KEY 2
will activateameasurement.

If KEY 2isused to activate ameasurement, the second submenu screen will be shown that displaysthe
probel.D. and test mode, and a“PLEASE WAIT” notation. After approximately 5 minutes, thereading
will be complete and thethird submenu screen will beautomatically displayed. Thisscreenwill show
thecurrent corrosion ratein MPY, and will giveaKEY 1 EXIT option, andaKEY 2 ENTER (save)
option. KEY 1will returntheuser tothe“* MEASURE PROBE” function screen, KEY 2 will savethe

probereading and automaticaly display thefourth submenu screen.

13




D. View Sored Data Functions

Thisfacility allowsall datastoredinthe M S3500L to be called up onthe screenfor review. The
submenu sequenceisshown below:

VIEW STORED DATA
KEY 1 NEXT KEY 2 ENTER

KEY 2

h 4

XX XX-XX-XX XXX
KEY 1 EXIT KEY 2 PREV.

KEY 1

MEASURE PROBE
KEY 1 NEXT KEY 2 ENTER

METAL LOSS XX MILS
CORR RATE XX MPY

A

AUTOMATIC

After pressing either key to accessthe M S3500L screen, KEY lisusedtoscroll tothe*VIEW

STORED DATA” function screen. KEY 2isthen used to enter the submenu.

Previousreadings may be accessed sequentially using KEY 2. KEY 1 will exit thereview screen, and
display metal loss(MILS) and average corrosion rate (MPY) for the reading dis-played when the exit
key isused. Themetal loss/corrosion rate screen will display for approx-imately 30 secondsbefore

automaticaly returningtothe* MEASURE PROBE” function screen.

The“VIEW STORED DATA” function may be used at anytimewithout disrupting normal logging.

14




E. Set Reading I nterval Function

Thisfunction permitsthereading interval to be changed at any time during logging without disrupting the
logging processor deleting the stored data. The operation sequenceisasfollows:

SET READING INTERVAL KEY 2 RATE XX HRS XX MINS
KEY 1 NEXT KEY 2 ENTER " KEY 1 UP KEY 2 ENTER
AUTOMATIC
v

RATE XX HRS XX MINS
KEY 1 EXIT KEY 2 ENTER

MEASURE PROBE MEASURE PROBE

KEY 1 NEXT KEY 2 ENTER N KEY 1 NEXT KEY 2 ENTER
KEY 1 ABORT CHANGES

KEY 2 SAVE CHANGES

After any key isused to activate the screen, KEY lisusedtoscroll tothe” SET READING INTER-
VAL” mainfunctionscreen. KEY 2 then dlowsentry into the submenu.

Thecurrent reading interval isdisplayed ashoursand minutes. Individual digitsmay bedtered using
KEY 1, andenteredusing KEY 2. After thefina hour digitisentered, the screenwill automaticaly
changeto areading interval confirmation screen. Theinterval asenteredisdisplayed. KEY 1will exit
tothe*MEASURE PROBE" main function screenwithout entering (saving) thenew interval. KEY 2
will enter (save) thenew reading interva, then automatically returntothe*MEASURE PROBE’ main
function screen, further logging takes place at the new reading interval .

15



F. Downloading Data

Datastoredinthe M S3500L/3510L unit may be downloaded, viathe Opti-Link port, directly toaPC.
Alternatively, datamay be downloaded to M etal Samples M S1500L Hand-Held Data L ogger, and
subsequently transferred to aPC. Direct downloadingisusually preferredin acontrol room or
laboratory environment. Where several M S3500L/3510L unitsaredistributed in afield environment, the
dataismost conveniently transferred viathe M S1500L to aPC. The M S1500L will accept datafrom
asmany asone hundred M S3500L/3510L unitsfor subsequent transfer toaPC.

1. UploadtoPC

Totransfer datato aPCitisnecessary toinstall the Corrosion DataManagement Software.
To run the Corrosion Data M anagement Software, you need aPC that meetsthefollowing
requirements:

e Pentium® classprocessor

e Windows® 95 or higher operating system

e 16MB of RAM

e 10MB of availablehard-disk space

e VGA monitor with800 600 or greater resolution
e Mouseor pointing devicerecommended

e Available9-pinserial port or USB port

e CD-ROM drivefor softwareingtallation

Toinstall the Corrosion DataManagement Software:
1. Insertthesetup disk provided inyour accessory kit.

2. Youwill beprompted to closeany open programs. After you havedone so, click OK to
continue.

'f:'.. Metal Samples COMS Setup E

% Welcome bo the Metal Samples CDMS installation program,
[

Setup cannot instal system Files or update shared Files i they are in use.
Before proceeding, we recommend that you close any applications you may
be runining.

16



3. Clicktheingtall buttontobegininstalation. Note, itisrecommended that you install the soft-
wareinthedefault directory.

5'-.". Metal Samples COMS Setup

Begin the installation by chicking the button below.

Change Direchory

4. After clicking theinsgtal button, the softwarewill beinstalled on your PC.

5. Whenthesoftwareinstallation iscompleteyou should removethe setup disk, then reboot your
compuiter.

I nstrument Download Center

Thelnstrument Download Center isasimpletool for retrieving datafrom Metal SamplesER and LPR
datalogger ingruments.

[LIMetal Samples - COMS Main Me

= Metal Samples

Corrosion Data Management Software
Main Menu

L = ) B,

J a

Q ; M\E &,
Instrument Data LPRAlloy  Corrosion
Download Analysis Multiplier Coupon 3

Center Worksheet Worksheet

heet Dt
m ComPat 5 Pot Stats: Ons | Setirgs: SG00NA

To download datafrom aninstrument:
e Connect theinstrument to an available PC serial port or USB port (seepage?.)
e TurntheMS3500L on.
¢ RuntheCorrosion DataManagement Software
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e Openthelnstrument Download Center

e Sdecttheseria port andinstrument

e Click the Download button (ensurethat Part Statustogglesto“On”).
e  Fromthemain menu of theinstrument, select UPLOAD TO PC.

Datawill beginto transfer from theinstrument to the PC, and will appear in the datawindow of the
Instrument Download Center asshown above. If the dataappearsgarbled, thewrong instrument type
has been selected. Select another instrument typeand try again. If datadoesnot appear inthedata
window at dl, verify that:

e Theinstrumentisconnectedtoavalid seria or USB port

o All cablesaresecurely connected

e Themessage* Port Status. On” appearsinthe status bar

e Therearenoerrorsontheinstrument

e |fusngaUSB adapter, ensurethat thedevicedrivershave beeninstalled.

Selectinga Serial Port

Usethe Serial Port selection box to select the port to which theinstrument isconnected. 1f the COM
port number isunknown, it can befound in Windows Device Manager under “ Ports (COM & LPT)”.

Selectingan I nstrument

Usethe Instrument option box to select themodel of Metal Samplesinstrument being downloaded.
Thissetsthe appropriate communication parameters, which will bedisplayedinthe statusbar at the
bottom of thewindow (*9600,N,8,1” for an M S1500, “2400,N,8,1” for an M S3500).

Downloading Data

Totogglethe selected port on and off, click the Download button. Toggling the port on and off will
a so clear thedatawindow.

Onceavaid serid port and instrument have been selected, click the Download button to turn the port
on and enablethe computer toreceive data. If avalid serial port hasbeen selected, the status bar at the
bottom of thewindow will display themessage* Port Status. On”. If aninvalid serial port hasbeen
selected, an error message will appear, and the status bar will display the message* Port Status: Off”.

If thishappens, another serial port should be selected.
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Saving Data

To savethedatain the datawindow, click the Save button. The dataiscomma-delimited ASCI| text.
It can be saved to astandard text (.txt) file, or it can be saved to acomma-separated values (.csv) file,
which greatly smplifiesthe process of importing the datainto some spreadsheet programssuch as
Excel® or Quattro Pro®.

Printing Data
To print the contents of the datawindow, click the Print button. A print dialog box will bedisplayed to
allow printer selection and setup.

ChartingData

To chart the contents of the datawindow, click the Chart Data button. 1f the datahas not yet been
saved, the user will be prompted to do so beforethe charting processbegins. For moreinformation on
charting data, seethe DataA nalysissection.

DataAnalysis

TheDataAndysisutility isaconvenient tool for charting datafrom Metal SamplesER and L PR data
logger instruments. The DataAnalysisutility can be opened fromtheMain Menu, or it can be opened
directly from the Instrument Download Center.

If the DataAnaysisuitility isopened from the Instrument Download Center, the contents of the data
window will beloaded into thechart. However, if the DataAnalysisutility isopened directly fromthe
Main Menu, avalid datafilemust beloaded. The Select Filebox will opento allow selection of adata
file
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LoadingaDataFile

After selecting adatafile (or clicking the Chart Data button from the Instrument Download Center) a
statuswindow will display the progressof thefile being opened, a ong with the Instrument Type, Probe
Type, and Probe | D for thedatafile.

@ Opening Data File

Progress:

instrument Type: MS1500E

Probe Type: Wire Loop
Probe ID: 1000

Data Table

After afilehasbeen successfully |oaded, the datawill bedisplayed inthe DataTablefor review. By
default, al datapointswill beincluded inthechart. However, data points can beturned off, or ex-
cluded, fromthechart. If the" Excluded” flag appearsin the status column for adatapoint, that data
point will not appear inthe chart. To toggle the exclude/include status of adata point, double-click the
datapoint, or select the data point and click Exclude/Includein the Options menu.

EZ Data Table H=E
Options Help
READING # METAL LOSS (mils)[ DATE [dd/mm/pw] |PROBE ID [PROBE TYPE  [STATUS =l
1 2040 12/43/20 1000 e Loop _I
2 2000 13/3,2001 1000 Wiie Loop
3 2040 14432001 1000 Wiie Loop
4 1.960 15432001 1000 Wire Loop
5 2.000 1643/2001 1000 Wie Loop
[ 2040 1743/200 1000 Wire Loop
7 2.0e0 18,3200 1000 Wie Loop
] 2080 194372001 1000 Wire Loop
9 2200 204342001 1000 Wire Loop
10 2230 21432001 1000 e Loop
11 2230 22437200 1000 wire Loop Exchuded
12 2230 2332001 1000 Wiie Loop Exchided
13 2510 244372001 1000 Wine Loop Exchided 'I
a4 | I »
Chart Data EXIT
Printing Data

Thedatatable can be printed by clicking Print in the Optionsmenu. A print dialog box will bedis-
played toalow printer selection and setup.
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CreatingA Chart

To chart the selected data, click the Chart Data button, or select Chart Data from the Options menu.
Thechart will bedisplayedinanew window.

Proes [Tk 1000 Pysbs Tpge: Wirs Lasp

PrintingaChart

A chart can be printed using the Print Chart optioninthe Filemenu. A print dialog box will bedis-
playedtoalow printer selection and setup.

ExportingaChart

A chart can be exported to other applications using the Copy Chart optioninthe Filemenu. Thiswill
copy both the chart and theraw datato the Windows® Clipboard. The chart canthen beinsertedinto
other applicationsusing the Pastefunction. Note: 1n some applications, using the Pastefunction will
insert theraw datainstead of the chart. Inthiscase, usethe Paste Special function, then select Picture
toinsert thechart.

Chart Tools
e Satistical Data

The Satistical Data tab at the bottom of the Data Chart window will display apagewith statistical
information about the chart data. If the Statistical Datapageisvisible, thisinformation can be
printed by clicking Print Satistical Data in the File menu.
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Finding A Data PointsValue

Whileviewing thechart, the value of any datapoint can be determined by smply clickingit. The
valuewill bedisplayed inthe chartstool-tip box (asmall text box that is displayed near themouse
pointer). If thetool-tip box doesnot appear immediately after clicking the datapoint, hold the
mouse pointer stationary over the chart background for amoment.

Hide Data Markers Chl+D
Show Mean Value Ctrl+M
Show Trend Line Chel+T
Title/Footnote Setup Chr+F
Plot Setup Ctl+0
Data Senes Color Chrl+L
Zoom |n F5
Zoom Jut F&
Calculate Comosion Rate F7

TheTools Menu

The Toolsmenu containsacollection of utilitiesfor viewing and manipulating the chart. TheTools
menu can be accessed by clicking Toolson the menu bar, or by right-clicking anywhere onthe
chart.

o DataMarkers

Show Data Mar ker stogglesthe datamarkers on and off.

o Mean Value
Show Mean Valuetogglesthe mean valuelineon and off.
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TrendLine

Show Trend Linetogglesthetrend line on and off.

Title/Footnote Setup

Title/Footnote Setup displaysawindow that allowsthe chart title and footnotesto be
toggled on and off, and to be modified.

Plot Setup

Plot Setup displaysawindow that allows configuration of Y-axisscaling, and of the chart
type.

TheY-axis can be scaled to default values by checking the Auto Scaling option box. The
Y-axiscan be scaled to manual va ues by un-checking the Auto Scaling box, then entering
thedesired valuesin the Minimumand Maximumfields.

The chart type can be set to Line Chart, Bar Chart, or Area Chart by selecting the
appropriate button inthe Chart Type box. Thedefault chart typeisLine Chart.

Data Series Color

Data Series Color displaysacolor selection box, which allowsthe user to sel ect the brush
color for theplot line. Thedefault color for theplot lineisBlue.

Zoomilin

ZoomIn allowsaregion of the chart to be enlarged so that it may beviewed in greater
detail. Toenlargearegion of the chart, click on thetwo data pointsthat definetheleft and
right boundariesof theregion.

In zoom mode, the mouse pointer will changeto across-hair. When zoom mode ends, the
mouse pointer will returntoitsnormal state.

To cancel zoom mode, click Cancel Zoom Infrom the Toolsmenu, or simply pressthe Esc
key.
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o ZoomOut

ZoomOut restorestheinitia view of the chart, which displaysthefull data set.

o CalculateCorrosion Rate

If the chart contains ER data, the Cal culate Corrosion Rate option will becomeavailable
under the Toolsmenu. Thisoption alowsthe corrosion rateto be cal culated between any
two datapointsonthechart. To calculatethe corrosionrate click Calculate Corrosion
Rate, then click two datapoints. The corrosion rate between those two datapointswill be
displayed.

In cal culate mode, the mouse pointer will changeto an arrow/question mark. When

cal culate mode ends, the mouse pointer will returntoitsnormal State.

To cancel acalculation, click Cancel Calculatefrom the Toolsmenu, or simply pressthe
Esc key.
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2. Upload to M S1500L

Theuser must first connect the IN3500-2 cabl e between the Optilink™ connector on the M S3500L
and the phonejack connection onthe M S1500L..

Oncethe communi cation connection is made between the M S3500L and the M S1500L instruments,
switch onthe M S1500L and select aprobe I D that correspondsto the probe I D of the M S3500L in
question. Theuser must now scroll to the communication menu on the M S1500L and pressenter.

TheMS1500L communications submenu hasthefollowing screen sequencefor M S3500L download
operdions.

MS3500 DOWNLOAD
COMPUTER UPLOAD

Enter with cursor

as shown
MS3500 DOWNLOAD
MS3500 DOWNLOAD ENTER" PROBE X33 30X
ENTER TO CONTINUE o EXITTO ABORT
MS3500 DOWNLOAD
PROBE xR XXM XN “
ENTER TO CONTINUE Automatic on

Complete Data Transfer

*Before executing this command, set MS3500L to “ Waiting for Link Up” mode.

After sdlecting theM S3500L “DOWNLOAD” option onthe M S1500L communicationsmenu, the
communications mode should be sel ected on the M S3500L instrument. Thisisachieved by scrolling
through themain functionsmenu, usng KEY 1, until the“*UPLOAD TOMS1500L" screenisreached.
Thesubmenuisaccessed using KEY 2. The M S3500L screen will now display “WAITING FOR
LINK UP’,andaKEY 1exit option. TheM S3500L isnow waiting for the download instruction from
theMS1500L. This instructionisgiven by pressing enter onthe M S1500L unit. The M S1500L screen
will now display theprobe D and typefor the M S3500L in question, plusan optiontouse“EXIT” to
abort thetransfer. Datatransfer isnow in progress.

Upon completion of datatransfer, the M S3500L screenwill display “TRANSFER COMPLETE” and
the M S1500L screenwill automatically exchangethe“EXIT TOABORT” optionfor “ENTERTO
CONTINUE” option. At thispoint the M S1500L can be disconnected, and the user may download
data from the next M S3500L or upload datafrom the M S1500L to the PC.
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G. System Shutdown Function

Thisfunction alowsthe user to suspend thelogging processfor any period of timewithout data
loss. The menu screen sequenceto operate thefunction isas shown below:

SYSTEM SHUTDOAN KEY 2 SYSTEM SHUTDOAWN
KEY 1 NEXT KEY 2 ENTER "I kEvinD KEYZVES
KEY2 E
MEASURE PROEE KEY 1 BLANK SCREEN

KEY 1 NEXT KEY 2 ENTER [™

Al the conchesion of Shuldown

pariod KEY 1 or KEY 2

§ roactivates
MEASLIRE PROEE _ KEY 1 SHUTDOWHN OPERATOR

KEY 1 NEXT KEY Z ENTER | KEY 1 CONTINUE

Logging automatically rasurmas
Afier 2 minutos with “Poser
Save' gonean shutdown

To activatethe system shutdown function, the user should scroll through themain function screensusing
KEY 1until the*SYSTEM SHUTDOWN?” function screenisreached. Theuser cannow useKEY 2
to accessthe submenu. Thescreenwill now ask for confirmation. KEY 2 will activate system
shutdown; KEY 1 will returntheuser tothemain functionscreens. If KEY 2isusedto activate
“SYSTEM SHUTDOWN?”, datalogging will ceasebut al existing datawill beretainedin memory.

When the user wishesto reactivate thelogging process, either key can be used to accessthe screen,
and KEY 1 will then resumethelogging process.

H. Test M odeFunction

Thetest modefunctionisused for factory trouble shooting of faulty instrumentsreturned for repair and
ininitial quaity assessment of newly manufactured instruments. T hisfunctionisnot required for
normal instrument oper ation.
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Appendix A - M S3500L Specifications

M odel

MS3500L - Remote L PR Datal ogger (Ordering # IN3500L)
MS3510L - Remote L PR DataL ogger w/ 4-20mA Current Loop Output (Ordering # IN3510L )

Physical Data
Instrument Weight: 11.941b. (5.42Kg)
Total Weight w/ Accessories: 13.641b. (6.19Kg)
Ingrument Dimensions: 11.50"H x 8.94"W x 4.00"D (29.21cmx 22.71cm x 10.16cm)
Case Specifications: NEMA 4X (1P 66)
Mounting Specifications. 10.75"H x 6"W (27.31cmx 15.24cm) Bolt Pattern
0.3" (0.76cm) Diameter Bolt Holes

Operating Temperature: 32° to 122°F (0° to 50°C)
Storage Temperature: -4° to 158°F (-20° to 70°C)
PerformanceData

M easurement Type Range Resolution Cycle Time
2-Electrode 0 to 200 mpy 0.01 mpy 1 minto 99 hrs
3-Electrode 0 to 150 npy 0.01 mpy 1 mnto 99 hrs
Galvanic + 999 A 1A 1 minto 99 hrs
Potential + 999 mvV 1mv 1 mnto 99 hrs
Electrical Data

Power Requirements: Six 1.5V AA Batteries
Standard Probe Cable Length*: 10ft (3.05m)
Output Specifications. RS-232 Output in Comma-Delimited ASCI| Text Format

4-20mA Current Loop Output (MS3510L Only)

Intringc Sefety: Classl, Divison1

Special Features

GroupsA, B, C,andD
Temperature Code T3
Classl, ZoneO,

LsTEVT® - GroupIIC, T3
P00 Conformsto ANSI/UL Std. 913

» Microprocessor-based electronics
 Datastorage capacity of 3000 readings, with battery backup
» Menu-driveninterface using a2-key keypad and a2-line LCD display

L ow-battery detection

Accessory ltems

10" Probe Cable, Meter Prover, 6 to 5-Pin Adapter, Galvanic Adapter, Communications Cable and
Connector, Current Loop Connector (MS3510L only), Operation Manual, Corrosion Data M anagement

Software

* Please contact Metal Samplesfor longer probe cable lengths.
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Appendix B - Derivation of Alloy Constant

Thevariation of the Stern Geary equation, relating the corrosion currenti, to the polarization resistance
AE/Alisgivenby:

e = ABBe (1)
2.3 AE (BatBo)
which reducesto:
oo = KAl e, (2

current due to corrosion (amps)

cor

AE = applied polarizing voltage (volts)
Al = measured polarizing current (amps)
B+B, = rate constants (volts/decade)

K = constant (dimensionless)

To convert the polarizing current to the conventional MPY (“MILSPERY EAR”) unitsof corrosion,
Faraday’slawsare applied asfollows:

C:ngxm ©)
AxF d 254

_ Alkx S _E 1000 )

=z —_— x [— x — R EEEEEEESEEEEEEEEERSE
AxF d 254
Ak E

= — x = x 128,668.6 ... 5
PR ()

number of secondsin one year

Faraday’s constant (coulombs)

working electrode surface areain cnv?
equivalent weight of corroding metal (gms)
= density of corroding metal (gms. cm )

= corrosion rate (mpy)
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Consequently, when theinstrument cal cul atesthe corrosionrate (mpy) from the measured polarizing
current (A1), ameans needsto befound whereby theinstrument can “know” the appropriate val ue of
E/d, and perform the correct calculation of corrosionrate. Thisisachieved inthe conventional, three-

el ectrode L PR measurement by varying the surface areaof working el ectrodein proportion to the E/d
valueof themetal/alloy in question, thusavoiding the need to program specia correctionfactorsintothe
instrument for each and every aloy.

Unfortunately, the major producer of the two-€lectrode probe uses aconstant surface areafor the
working electrode, irrespective of themetal/alloy under examination. Thusacorrection factor hasto be
applied for each metal/alloy under consideration. Thisis, infact, thealloy constant used for two-
electrode corrosion rate measurementsinthe M S1500L unit. Thebasicformulafor derivation of the
correctionfactoris:

A, =  0B55xE
d 6
A alloy constant

=
I

equivalent weight of metal/alloy in question (gms)
d = density of aloy in question (gms. cm®)

For puremetals, if the appropriate alloy constant does not appear inthe M S1500L memory already, the
user can apply equation 6to calculate, and program, the appropriate alloy constant into theinstrument
memory.

Difficultiesarisewhen trying to work out the equivalent weight of aloys. Thisisapproached by useof a
weighted average, assuming al major metallic constituentscorrodein proportionto their weight percent
for thealoy inquestion. Ingeneral, metallic constituents present inamountssmaller than 1% are
disregarded for the purposesof thiscalculation. Anexampleof thisisgivenbelow for AlSI 302
StainlessSted.

Elemant Percent Eq. Wi. Eq. Wt. x Percent
Chromium 18 17.34 3.12
Nicked 9 29.35 2.64
[ron 73 27.92 20.39

Alloy Eq. Weight 26.15
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UNSConstant Table

Thefollowing lisssmany of the common constructiona metal ¢/ aloyswith their appropriatealloy con-
stants. All of thesevaluesare already programmed into the M S3500L memory. Additional alloy
constants can be added by the user, applying the cal culation principles outlined previoudy, and with
referenceto the Table of Equivaent Weightson p. 32.

UNS#

F12101
F13502
G10100
G10180
G10200
KO3504
K03006
KO02504
KO3011
K01800
GAL300
K41545

S31600
S31603
S32100
$41000

S31200
S31803
C11000

Alloy Alternate
Const. Designation
10 -

10 -

10 AlSI 1010

10 AlSI 1018

10 AlSI 1020

10 ASTM A105
10 ASTM A106
10 ASTM A53
10 ASTM A350LF2
10 ASTM A516
10 AlSI 4130

10 ASTM A199
10 ASTM A199(T9)
10 AlSl 304

10 AlS 304L

10 AlSl 316

10 AlS 316L

10 AlS 321

10 AlSl 410

10 AlS 430

10 ASTM A182
10 ASTM A276
20 AMS4500

18 AMS4505

18 ASME SB111
19 ASMEB16.22

Major Congtituents
(or common names)

Gray Cast Iron

Gray Cast Iron

0.1% Carbon Steel
0.18% Carbon Steel
0.20% Carbon Steel
0.35% Carbon Steel
0.3% Carbon Steel
0.25% Carbon Steel
0.3% Carbon Steel
0.18% Carbon Steel
1% Cr 0.2% Mo Stedl
5% Cr 0.5% Mo. Steel
9% Cr 1.0% Mo. Stee
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.
129%Cr.SS.
17%Cr.SS.

26 Cr 6 Ni Duplex SS
22 Cr5Ni 3Mo. Duplex S.S.
99.90 Copper

70-30 Brass

Muntz Metal (60% Cu)
85-15Brass
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UNSH

C68700

C70690
C71590
N04400
N08825
NO6600
N06625
N10001
N10002
N10276
NG2201
NO804
713001

R50250
R60701
A96061

Alloy Alternate
Const.  Designation
19 AMS4640
19 ASMESB111
18 ASMEB111
19 ASTM F96
16 ASTM F96
12 AMS4544
10 ASMEB163
10 AMS5540
10 AMS5401
10 AMS5396
10 AMS5388
10 ASMEB366
09 AMS5553
10 ASMEB625
13 ASTM B6
06 ASTM B364/365
07 ASTM F67
10 ASTM B493
09 AAG061

Major Constituents
(or common names)

Aluminum Bronze

Aluminum Brass (Arsenical)

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

Incoloy 825

Inconel 600

Inconel 625
Hastelloy B
Hastelloy C
Hastelloy C-276
Nickel 201
23-1-4-25Cr-Cu-Mo-Ni
90990 Zinc
Tantalum

Titanium
Zirconium

Aluminum
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Tableof Equivalent Weights

Name Symbol AtomicWt.
Adinium Ac (227)
Aluminum Al 26.98
Ameridum Am 243
Antimony Sh 121.76
Arsenic As 74.92
Baium Ba 137.36
Berkdium Bk (247)
Bayllium Be 9.013
Bigmuth Bi 208.99
Cadmium Cd 112.41
Cddum Ca 40.08
Cerium Ce 140.13
Cesum Cs 13291
Chromium Cr 52.01
Cobdt Co 58.94
Columbium, SeeNiobium

Copper Cu 63.54
Curium Cm (247)
Dysprosum Dy 162.51
Erbium Er 167.27
Europium Eu 152.0
Francium Fr 223
Copper Cu 63.54
Curium Cm (247)
Dysprosum Dy 162.51
Erbium Er 167.27
Europium Eu 152.0
Francium Fr 223
Gaddlinium Gd 157.26
Gdlium Ga 69.72
Gamanium Ge 72.60
Gold, Arum Au 197.0
Hafnium Hf 178.50
Hdmium Ho 164.94

Valence

Equivalent Wit.
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40.58
24.97
68.68

4.51
69.66
56.20
20.04
46.71
132.91
17.34
29.47

63.54
82.33
54.17
55.75
76.0
223
63.54
82.33
54.17
55.75
76.0
223
52.42
34.85
18.15
65.66
44.62
54.98



Name Symboal AtomicWi. Valence Equivalent WHt.

Indium In 114.82 3 38.27
Iridium Ir 192.2 3 64.06
Iron Fe 55.85 2 27.92
Lanthanum La 138.92 3 46.30
Lead, Plumbum Pb 207.21 2 103.6
Lithium Li 6.94 1 6.94
Lutetium Lu 174.99 3 58.33
Magnesum Mg 24.32 2 12.16
Manganese Mn 54.94 2 27.47
Mercury Hg 200.61 1 200.6
Molybdenum Mo 95.95 2 47.97
Neodymium Nd 144.27 3 48.09
Neptunium Np (237) 5 47.40
Nickel Ni 58.71 2 29.35
Niobium,

(Columbium) Nb 92.91 5 18.58
Ogmium Os 190.2 8 23.77
Pdladium Pd 106.4 2 53.2
Painum Pt 195.09 2 97.55
Futonium Pu (244) 5 48.80
Potassum K 39.1 1 39.1
Praserodymium  Pr 140.92 3 46.97
Promethium Pm (145) 3 48.33
Radium Ra 226 2 113
Rhenium Re 186.22 4 46.55
Rhodium Rh 102.91 3 34.30
Rubidium Rb 85.48 1 85.48
Ruthenium Ru 101.1 3 33.7
Samaium 9n 150.35 2 75.17
Scandium Sc 44.96 3 14.98
Sdenium Se 78.96

Siver Ag 107.87 1 107.9
Sodium Na 22.99 1 22.99
Strontium S 87.23 2 43.81
Tantadum Ta 180.95 5 36.19
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Name Symboal AtomicWi. Valence Equivalent WHt.

Technetium Tc (97) 6 16.16
Tdlurium Te 127.61 3 42.53
Terbium Tb 158.93 3 52.97
Thdlium T 204.39 1 204.39
Thorium Th (232) 4 58.0
Thulium Tm 168.94 3 56.31
Tin, Sannum N 118.70 2 59.35
Titenium Ti 47.90 4 11.97
Tungden 183.86 4 45.96
Uranium U 238.07 4 59.51
Vanadium \% 50.95 2 25.47
Y tterbium Yb 173.04 2 86.52
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Appendix C - Returning the Instrument for Repair

If itisnecessary toreturn any Metal Samplesinstrument for repair, thefollowing procedureisrecom-
mended to ensurethefastest possiblerepair and return cycle. You may contact Metal Samplesto verify
that returning theinstrument isnecessary.

1. If possible, pack theinstrument intheoriginal shipping carton. If theorigina cartonisnot available,
pack theinstrument inarigid cardboard or wood carton. Surround theinstrument with aminimum
of threeinchesof resilient packing materia such asfoam rubber or shredded newspaper.

2. Shiptheinstrument prepaidviaair freight or air expressto:

Metal Samples
152 M etal Samples Rd.
Munford, AL 36268

3. Contact Metal Samplesby telephone (256) 358-4202 or fax (256) 358-4515 and tell them:
a thenameof theairlinecarrying theinstrument
b. theflight number
c. theestimated timeof arrival
d. thewaybill number and ddlivery instructions

4. Whentheinstrument ispacked, includeacopy of theform on thenext page, filled in asrequired to
expeditetherepairs.
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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. Ingrument Identification:
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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Appendix D - Warranty

Meta Sampleswarrantsthat any part of their corrosion rateinstrumentsand accessorieswhich proves
to bedefectivein materia or workmanship within oneyear of thedate of original shipment to Purchaser
will berepaired or replaced, at the option of Metal Samples, free of charge. Thiswarranty doesnot
cover (1) probeassemblies, (2) itemsexpendablein nature, or (3) items subject to damage from normal
wear, misuseor abuse, or failureto follow use and careinstructions.

All damaged itemsareto be shipped at Purchaser’sexpenseto and from Metal Samples. Metal
Samplesshall havetheright tofinal determination asto the existence and cause of the defect.

Theforegoing shall constitutethe soleand exclusiveremedy of any purchaser of Metal Samples
productsfor breach of warranty andisexclusiveandinlieu of al other warranties, expressed, implied
or statutory, including theimplied warranties or merchantability and fitness. In no event shall Metal
Samplesbeliablefor specia or consequential damagesor for any delay inthe performance of this
warranty dueto causesbeyond itscontrol.

Ordersor requestsfor additional information should be addressed to:

Metal Samples

152 Metal Samples Rd.
Munford, AL 36268
Telephone: (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 contral.

37



Lo aIN 030 1 = C00 T xxx G1G¥-8S€ (952) :xed Nomv-m_mm (9G2) :auoyd
A ININY 010 ¥ XX ‘proguniy so|dweg |e18 G
133HS HSINI4 / SS330dd YO ONTYIINTONT N 020 % e CO_”—NOOI_ wSOULNNmI ®©N©m l_< U u_. _>_ —UI _ m _ _>_ N _‘
T
2v ul (0]
v/N S WWNOT LIV STon1330 ! T00SESIN 4 "ONI 'SLONA0Hd
NOISTAZY Y IY3LYW 13%03H0 NMWY ST Buimelq uone|eisul ALTVIO3dS
N (O3LON 3STMYIHLO SSIINND YAVEY1Y
I9H-T10TGESW 66/1/1
ONIMPT 31va 3793S SJONvEI0L
| €1 "311 dnoun
7 0 auoz ‘1 Ss501]
€1 ep0] duay
7 g puo ‘J ‘g ‘y sdnoun
7 1 UOISIAIQ \H S50
VAU V3 Uy
| (ao1neq adusy
3408 7 SNORKUVZOH 300Ud &dT PUDPUDLS

A0

vose

'A1340S DISUIUIUT dlodw] Aoy 31w Syl Buipaadx3
434002 U3bBus wnwxol - 81007 300ud

(AyuD 0IGESWD
7 31000 JUBWNULSU] UM 2

NG-T

XOW - ABES+

Aug 1015ESIWD
J2lauog A32305 PalFyua]

ONIMYHE TO¥LNDD S.H33NLIVANNYW H3[¥dvE HLIM 3INVH0329 NI 03TIYLSNI 38 LSNW SH3ddvE 'S

XoUd = ¥ / (351 X 20A> ¥INWHO4 3HL ONISN G3L¥INIT¥I 38 AVW L1 NADNY LON SI d31ddvd 3HL 40 Xoud 4

‘1 37891 NI NAOHS SV ‘INIWNJINO3 34YS ATIIISNIALNI 3HL 40 XOud 3HL 0L ¥No3 d0 NyH1 SS37 38 LSW

'HL¥Y3 01 133dS3¥ HLIA A 0S2 NvHL 3304 3LVY3N3D 30 3SN LON LSOW LNIWJINO3 TONLINDD 1

INIWAIND3 104INOD NO S3LON

o7 s 27+ 11

) < 20 + 10

XOouW ¢ = Xou g

EE} = xow T

20A z xou A
EEICELES LIN3WdINO3 ‘ST
T 378v1

H31¥A98 3HL 40 Xoud 3HL ONY XOWI ONIO33IX3 LON 31 d0 ISI ONY XOWA ONIO33IIX3 LON A d0 30A 3AVH ANV
NOILYOITddy 3HL 804 349S ATWWIISNIMINI SY 03AD¥ddY ALdvd OdIHL 38 LSNW S¥3ldavd 0312373S '

'SNOILY NI YD WILSAS

3HL NI 03ANTINI 38 0INOHS ONY (R4/HN 20 = 27 ONY 33/4d 09 - 2> SY q3LYINITYI 34 0INOHS HITdavE
3HL 0L LN3WdIND3 34YS ATIYOIISNIMLNL 3HL WOH4 ONI¥IA 01314 40 3ONYLINANI ONY 3ONY1IDvdyd
‘JONYLIONANI d04 S3TTddY IWYS 3HL '03SN 331448 ANY NO NAOHS (93> 3ONYLIIIVdYD 03IMAvW

3HL NvHL SS37 38 LSNW 3INYLIIYAYD IN3WAINO3 34vS ATTWIISNINLNI SNTd 3ONVIIOvdyd 37893 €

'IN3¥8NJ LINJHID L¥0HS ANV 30¥LT0A LINJHID NIHO NIIML3E NAVAT 3INIT LHIIYELS ¥ ST
107d IN3ddN3-39V1T0A LNdINO 3HL L¥HL HONS dO01SISIY ¥ A8 3LIWIT 34 1SAW IN3ddNd Lndind 2

‘A3A0dddY 0S 41 NOILYJO0T € NOISIAIQ ¥ NI 38 AWW T
‘SY3T4AVE NO S3I1ON

'IN3WDINO3 349S
ATTYIISNIMINT ONITIWISNT 304 9'2Tdy ¥ST 30T10vdd TIANIWWOI3Y YITHINY 40 AL3130S INIWNALSNT

Tonwsueal/198807 eyeq A1
ajowsy T0TSESH

Jdagylusuod] s 4aB6o07 o3oq yd47
T10ISESW / T100SESKW






