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All Rights Reserved. No part of this manual may be reproduced, transmitted, tran-
scribed, stored in aretrieval system, or translated into any other language or computer
languagein whole or in part, in any form or by any means, whether it be electronic,
mechanical, magnetic, optical, manual, or otherwise, without the prior written consent of
TeledyneAnalytical Instruments, 16830 Chestnut Street, City of Industry, CA 91749-1580.

Warranty

This equipment is sold subject to the mutual agreement that it is warranted by usfree
from defects of material and of construction, and that our liability shall be limited to
replacing or repairing at our factory (without charge, except for transportation), or at
customer plant at our option, any material or construction in which defects become
apparent within one year from the date of shipment, except in cases where quotations or
acknowledgements provide for a shorter period. Components manufactured by others bear
the warranty of their manufacturer. This warranty does not cover defects caused by wear,
accident, misuse, neglect or repairs other than those performed by Teledyne or an autho-
rized service center. We assume no liability for direct or indirect damages of any kind and
the purchaser by the acceptance of the equipment will assume al liability for any damage
which may result from its use or misuse.

We reserve the right to employ any suitable material in the manufacture of our
apparatus, and to make any alterations in the dimensions, shape or weight of any parts, in
so far as such alterations do not adversely affect our warranty.

Important Notice
This instrument provides measurement readings to its user, and serves as atool by

which valuabl e data can be gathered. The information provided by the instrument may
assist the user in eliminating potential hazards caused by his process; however, itis
essential that all personnel involved in the use of the instrument or itsinterface, with the
process being measured, be properly trained in the processitself, aswell asal instrumenta-
tionrelated toit.

The safety of personnel is ultimately the responsibility of those who control process
conditions. Whilethisinstrument may be ableto provide early warning of imminent danger,
it has no control over process conditions, and it can be misused. In particular, any alarm or
control systems installed must be tested and understood, both as to how they operate and
asto how they can be defeated. Any safeguards required such as locks, labels, or redun-
dancy, must be provided by the user or specifically requested of Teledyne at the time the
order is placed.

Therefore, the purchaser must be aware of the hazardous process conditions. The
purchaser is responsible for the training of personnel, for providing hazard warning
methods and instrumentation per the appropriate standards, and for ensuring that hazard
warning devices and instrumentation are maintained and operated properly.

Teledyne Analytical Instruments (TAI), the manufacturer of thisinstrument,
cannot accept responsibility for conditions beyond its knowledge and control. No state-
ment expressed or implied by this document or any information disseminated by the
manufacturer or its agents, is to be construed as a warranty of adequate safety control

under the user’s process conditions.
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This is a general purpose instrument designed for usage in a
nonhazardous area. Itis the customer's responsibility to ensure
safety especially when combustible gases are being analyzed
since the potential of gas leaks always exist.

The customer should ensure that the principles of operating of
this equipment is well understood by the user. Misuse of this
product in any manner, tampering with its components, or unau-
thorized substitution of any component may adversely affect
the safety of this instrument.

Since the use of this instrument is beyond the control of
Teledyne, no responsibility by Teledyne, its affiliates, and agents
for damage or injury from misuse or neglect of this equipment is
implied or assumed.
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Model 3300PB complies with all of the requirements of the
Commonwealth of Europe (CE) for Radio Frequency Interference,
Electromagnetic Interference (RFI/EMI), and Low Voltage Directive
(LVD).

The following International Symbols are used throughout the Instruc-
tion Manual for your visual and immediate warnings and when you
have to attend CAUTION while operating the instrument:

¢ STAND-BY, Instrument is on Stand-by,
but circuit is active

GROUND
Protective Earth

compromise the safe operation of the equipment.

CAUTION, Risk of Electric Shock

CAUTION, The operator needs to refer to the manual
for further information. Failure to do so may

Vi
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Percent Oxygen Analyzer

Introduction 1

Introduction

1.1 Overview

TheTeledyneElectronic TechnologiesAnaytica Insruments(TETAI)
M odel 3300PB isamicroprocessor-based percent oxygenanalyzer for real -
timemeasurement of thepercent of oxygenininert gases, orinawidevariety of
gasmixtures. It featuressimpleoperation, fast response, and acompact, rugged
construction. Typical applicationsof theM odel 3300PB aremonitoring nitrogen
generatorsandinert gasblanketingapplications.

1.2 Main Features of the Analyzer

Themainfeaturesof theanayzerinclude:

Highresolution, accuratereadingsof oxygencontentfrom0-1 %
through 0-25 %, with0-100%rangeoptional. Large, bright, light-
emitting-diodemeter readout.

Simplepushbuttoncontrols.
Nyloncell holder.

AdvancedMicro-Fuel Cell, for percentanalysis, hasatwoyear
warranty andanexpectedlifetimeof four years.

Unaffected by oxidizablegases.
Fastresponseandrecovery time.

Microprocessor based el ectronics: 8-bit CM OSmicroprocessor
with on-board RAM and 16 KB ROM.

Twouser selectableranges(from0-1 %through 0-25 %) all ow best
matchto usersprocessand equi pment.

Air-calibrationrangefor convenient spanningat 20.9 %.

“P\ Teledyne Analytical Instruments
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1 Introduction Model 3300PB

»  Operator canselect Autoranging, whichallowstheanalyzer to
automatically select theproper preset rangefor agiven
measurement, or hecanlock theanalyzer ontoasinglerange.

»  Twoconcentrationdarmswithadjustablesetpoints.
*  Sensorfaluredam.

» Threeanalogoutputs: twofor measurement (0-10V dc, and
negativeground4—-20mA dc) andonefor rangeidentification
(0-10V dc).

»  Compactandrugged Control Unit, wall mounted NEMA-4 rated
enclosure,

1.3 Front Panel Description

All controlsand displaysexcept thepower switchareaccessiblefromthe
front panel. SeeFigure 1-1. Thefront panel hasseven pushbuttonmembrane
switches, adigital meter,andanaarmindicator LED for operatingtheanalyzer.
Thesefeaturesaredescribed briefly hereandingreater detail in Chapter 4,
Operation.

CHEN S I

SERIES 3300 PERCENT OXYGEN

™ ® ®
5= = m
ALAEM "
T 2 SeT o >
AAM RANGE
SPAN

Figure 1-1: Front Panel

Function K eys: Seven pushbutton membraneswitchesareusedto select
thefunctionperformedby theanayzer:

e SetAlarm1l Set Alarm 1 Hi or Low, and theconcentration at
whichalarm1activates.

1-2 “#\ Teledyne Analytical Instruments



Percent Oxygen Analyzer Introduction 1

e SetAlarm?2 Setthe Alarm 2 Hi or Low, and the
concentrationtowhichaarm?2 activates.

« SetHI Range  Setthehighanalysisrangefortheinstrument (up
to 0-25 %)).

* SetLORange Setthelowanalysisrangefortheinstrument
(downto0-1 %).

e Span Spancaibratetheanalyzer.

DataEntry K eys: Two pushbutton membraneswitchesareusedto
manually changemeasurement parametersof theinstrument asthey aredisplayed

ontheL ED meter readout:
e UpArrow Increment valuesof parametersupwardsasthey
aredisplayedontheL ED readout.
e DownArrow Increment valuesof parametersdownwardsas

they aredisplayed ontheL ED readoui.

Digital LED Readout: Thedigital displayisal ED devicethat
produceslarge, bright, 7-segment numbersthat arelegibleinany lighting
environment. Ithastwofunctions:

 Meter Readout: Asthemeter readout, it displaystheoxygen
concentrationcurrently beingmeasured.

e Measurement Parameter sReadout: Italsodisplaysuser-
definableal arm setpoints, ranges, and span calibration pointwhen
they arebeing checked or changed.

1.4 Rear Panel Description

Therear panel containstheel ectrical input and output connectors. The
connectorsaredescribed briefly hereandindetail inthel nstallation chapter of
thismanual.

— oo ©

o/P
0-10VDC
—1
4-20mA O/P _RANGE ID % RANGE

S S| S S SS
100-240~50/60Hz l!J =] —I —IEI 2]

0.3 A MAX -+ -t
250V, 0.5A, T FUSE ALARM 1 ALARM 2 SENSOR FAIL

[o][e] eSes ees eses
@ (o][e] REMOTE /ﬁ\cp\unom
aln erios v o

©

Do UL oo

L Lo L]

Figure 1-2 Rear Panel
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1 Introduction

Power Connection

AnalogOutputs

Alarm Connections

Sensor Connector

Model 3300PB

AC version: 100-240V ac, at 50/60Hz.
Theconnector housingincludesthefuse
holder andthepower switch.

FuseHolder: Replacingthefuseis
describedin Chapter 5, Maintenance.

I/O Power Switch: Turnstheinstrument
power ON (1) or OFF (0).

0-10 V dcconcentrationoutput.

0-10V dcrangel D (or optional overrange)
outpuit.

4-20 mA dcconcentrationoutput, negative
ground.

Alarm1, Alarm 2, and Sensor FailureAlarm
connections.

I nternal Sampling System, Sensor
Connector.

1-4
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Percent Oxygen Analyzer Operational Theory 2

Operational Theory

2.1 Introduction

Theanalyzer iscomposed of two subsystems:
1.  AnalyssUnitwithMicro-Fuel Cell Sensor
2. Control Unitwith Signal Processing, Display and Controls

TheAnalysisUnitisdesignedtoaccept thesamplegasanddirectittothe
sensitivesurfaceof theMicro-Fuel Cell sensor. TheMicro-Fuel Cellisan
el ectrochemical gal vanicdevicethat trand atestheamount of oxygenpresentin
thesampleintoanelectrical current.

TheControl Unit processesthesensor output andtrand atesitintoel ectrical
concentration, range, and a arm outputs, and apercent oxygen meter readout. It
containsamicrocontroller that managesall signa processing, input/output, and
display functionsfortheanayzer.

2.2 Micro-Fuel Cell Sensor

2.2.1 Principles of Operation

Theoxygen sensor usedintheModel 3300PB isaMicro-Fuel Cell de-
signedand manufacturedby TAI. Itisasea ed, disposabl eel ectrochemical
transducer.

Theactivecomponentsof theMicro-Fuel Cell areacathode, ananode,
andtheaqueousK OH dl ectrolyteinwhichthey areimmersed. Thecell converts
theenergy fromachemical reactionintoanelectrical potential that canproducea
currentinanexternal electrical circuit. Itsactionissimilar tothat of abattery.

Thereis, however, animportant differenceintheoperation of abattery as
comparedtotheMicro-Fuel Cell: Inthebattery, all reactantsarestoredwithin
thecell, whereasintheMicro-Fuel Cell, oneof thereactants(oxygen) comes
fromoutsidethedeviceasaconstituent of thesamplegasbeinganalyzed. The
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2 Operational Theory Model 3300PB

Micro-Fuel Cell isthereforeahybrid between abattery and atruefuel cell. (All
of thereactantsarestored externally inatruefuel cell.)

2.2.2 Anatomy of a Micro-Fuel Cell

TheMicro-Fuel Cell ismadeof extremely inert plastic (whichcanbe
placed confidently inpractically any environment or samplestream). Itiseffec-
tively sedl ed, though oneendispermeabl eto oxygeninthesamplegas. At the
permeabl eend ascreenretai nsadiffusi on membranethroughwhichtheoxygen
passesintothecell. Attheother end of thecell isaconnector and temperature
compensation network (restrictorsand thermistor) onaprintedcircuit board.

Refer to Figure2-1, Basic Elementsof aMicro-Fuel Cell, whichillus-
tratesthefollowinginterna description.

M <«—  Electrical Connector

Circuit Board
with temperature compensation network.

Figure 2-1. Basic Elements of a Micro-Fuel Cell (not to scale)

Atthesensingendof thecell isadiffusionmembrane, whosethicknessis
very accurately controlled. Near thediffusionmembraneliestheoxygensensing
element—thecathode.

Theanodestructureislarger thanthecathode. Itismadeof leadandis
designedtomaximizetheamount of metal availablefor chemical reaction.

Thespacebetweentheactivee ementsisfilled by astructuresaturated with
electrolyte. Cathodeand anodearewet by thiscommon pool. They eachhavea
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Percent Oxygen Analyzer Operational Theory 2

conductor connectingthem, through someel ectrical circuitry, tooneof the
external contactsintheconnector receptacle, whichisonthetop of thecell.

2.2.3 Electrochemical Reactions

ThesamplegasdiffusesthroughtheTeflonmembrane. Any oxygeninthe
samplegasisreduced onthesurfaceof thecathodeby thefollowingHALF
REACTION:

O, +2H,0 +4e” - 40H- (cathode)
(Four electronscombinewith oneoxygen mol ecule—inthepresenceof
water fromthee ectrolyte—toproducefour hydroxyl ions.)

Whentheoxygenisreduced at thecathode, |eadissimultaneoudly oxidized
attheanodeby thefollowingHALFREACTION:

2(Pb +20H") - 2(Pb** + H,0) + 4e- (anode)

(Twoelectronsaretransferredfor eachatomof lead that isoxidized. TWO
ANODEREACTIONSbaanceonecathodereactiontotransfer four el ec-
trons.)

Theelectronsrel eased at the surfaceof theanodeflow tothecathode
surfacewhenanexternal electrical pathisprovided. Thecurrentisproportional
totheamount of oxygenreachingthecathode. Itismeasured and used to
determinetheoxygenconcentrationinthegasmixture.

Theoverall reactionfor thefuel cell isthe SUM of thehalf reactionsabove,
or:

2Pb +0, ~ 2PbO

(Thesereactionswill hold aslong asno gaseouscomponentscapabl eof
oxidizinglead arepresentinthesample. Theonly likely componentsarethe
hal ogens—iodine, bromine, chlorineandfluorine.)

Theoutput of thefuel cell islimited by (1) theamount of oxygeninthecell
at thetimeand(2) theamount of stored anodematerial.

Intheabsenceof oxygen, nocurrentisgenerated.

2.2.4 The Effect of Pressure

Inorder to statetheamount of oxygen present inthesampleasapercent-
ageof thegasmixture, itisnecessary that thesampl ediffuseintothecell under
constant pressure.

If thepressurechanges, theratethat oxygen reachesthecathodethrough
thediffusingmembranewill alsoincrease. Thed ectrontransfer, andthereforethe
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2 Operational Theory Model 3300PB

external current, will increase, eventhoughtheproportion of oxygenhasnot
changed.

Fortunately, Dalton'sLaw confirmsthat every gasinamixturecontributes
thesamepressuretothemixturethatitwouldexertif itwerea oneinthesame
amountinthat samevolume. Thismeansthat aslong asthetotal pressureof the
sampleremainsconstant, themixturecan change, but thediffusionof theoxygen
will beaffected only by theconcentration of theoxygen.

For thisreason, thesampl esystem supplying samplegastothecell should
bedesignedtokeepthepressureonthediffusionmembraneconstant.

2.2.5 Calibration Characteristics

Giventhat thetotal pressureof thesamplegasat thesurfaceof theMicro-
Fuel Cell inputisconstant, aconvenient characteristicof thecell isthat the
current producedinanexternal circuit of constantimpedanceisdirectly propor-
tional totherateat which oxygen mol ecul esreachthecathode, andthisrateis
directly proportional totheconcentration of oxygeninthegaseousmixture. In
other wordsit hasalinear characteristic curve, asshowninFigure2-2. M easur-
ingcircuitsdonot haveto compensatefor nonlinearities.

80

60 —

40 —

Cell Output (nA)

20

\ I I
10 20 30

Oxygen Concentration (percent)

Figure 2-2. Characteristic Input/Output Curve for a Micro-Fuel Cell

Inaddition, sincethereiszerooutput intheabsenceoxygen, thecharacter-
isticcurvehasan absolutezero. Thecell itself doesnot needtobezeroed.
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2.3 Electronics

2.3.1 General

Thesignal processingusesan|ntel [1 microcontroller withon-boardRAM
andROM tocontrol al signal processing, input/output, anddisplay functionsfor
theanalyzer. Systempower issupplied fromauniversal power supply module
designedtobecompatiblewithmost international power sources.

Thepower supply circuitry isonthe Power Supply PCB, whichismounted
vertically, just behindtherear panel of theControl Unit.

Thesignal processinge ectronicsincludingthesensor amplifier,
microcontroller, analogtodigital, anddigital toanal og convertersarelocated on
theMain PCB, whichismountedvertically, just behind thefront panel of the
Control Unit.

2.3.2 Signal Processing

Figure2-3isablock diagram of thesignal processing el ectronicsdescribed
below.

Millivolt
Potput

TEMPERATURE /
COMPENSATION | SENSOR
@/ NETWORK ON % AMPLIFIER H ADC ‘ E-ICONV 4-20 mA de

. Micoamp | SENSORPCB |
~ ouwput Concentration

1-22 Sensor 0-10V de
DAC |—— RANGEID
MICRO-
CONTROL-
LER

KEYBOARD DISPLAY

RELAYS ALARMS

L—————————— RELAYS —— ALARMS

Figure 2-3: Block Diagram of the Signal Processing Electronics
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2 Operational Theory Model 3300PB

Inthepresenceof oxygenthecell generatesacurrent. Thesensor hasan
internal thermi stor compensationnetwork.

Theoutput of thesensor isconvertedtovoltagemillivoltrange. Thisoutput
isfedtoavolatgeamplifier. Theinternal thermistor network providestempera-
turecompensation of thesensor output. Theresistanceof thenetwork changes
withtemperature, compensatingfor thechangesof themicrofuel cell outputto
temperature.

Theoutput fromthetemperaturecompensationamplifierissenttoan
anaogtodigita converter (ADC), andtheresultingdigital concentrationsignal is
senttothemicrocontroller.

Thedigital concentrationsignal aongwithinputfromthefront pane buttons
(KEYBOARD) isprocessed by themicrocontroller, and appropriateoutput
signalsaredirectedtothedisplay andalarmrelays. Thesamedigital information
isalsosenttoal2-bitdigital toanalogconverter (DAC) that producesthe0-10
V dcanalog concentrationsignal andthe0-10V dcanaograngel D output. A
currenttovoltageconverter (E—| CONV) producesthe4-20mA dcanaog
concentrationsignal.

2-6 “P\ Teledyne Analytical Instruments



Percent Oxygen Analyzer Installation 3

Installation

Installation of theanalyzer includes:
1. Unpacking the system.

a bk~ D

M ounting the Control Unit to awall
InstallingtheMicro-Fuel Cell

M akingtheel ectrical connections.
M aking the gas connections.

6. Testingtheinstallation.

CAUTIONS:

3.1

Read this chapter in its entirety before installing the units.
For indoor use only.

The Sample must be free of entrained solids or water. How-
ever, a high humidity sample is ideal, since it will prevent
water loss from the cell electrolyte.

The Micro-Fuel Cell sensor electrolyteis caustic. Do not
attempt to open it. Leaking or exhausted cells should be
disposed of in accordance with local regulations. Refer to the
Material Safety Data Sheet in the Appendix.

Any damage or scarring of the delicate permeable membrane
on the sensing end of the cell will require cell replacement.
Prevent contact with membrane by any solid object.

Unpacking the Analyzer

Assoon asyou receive the instrument, carefully unpack and inspect
Control Unit, External Probe, and any included accessoriesfor damage.
Immediately report any damage to the shipping agent. Theanalyzer is
shipped with al the materialsyou need to install and prepare the system for

operation.

CAUTION: Do not disturb the integrity of the cell package until the cell is to
actually be used. If the cell package is punctured and air is
permitted to enter, cell-life will be compromised.

“P\ Teledyne Analytical Instruments 3-1



3 Installation

Model 3300PB

3.2 Location and Mounting

3.2.1 Control Unit Installation

The 3300PB Control Unit isdesigned to be wall-mounted, in ageneral
purpose, area. The unit should beinstalled at viewing level in asheltered
area.

Refer to the Outline diagram D-69220 for the physical dimensions of
theanalyzer.

3.2.2 Installing the Micro-Fuel Cell

A Micro-Fuel Cell isincluded asaseparateitem. It must beinstalled
prior toinstrument use.
Also, onceit isexpended, or if theinstrument hasbeenidlefor a
lengthy period, the Micro-Fuel Cell will needto bereplaced.
Toinstall or replacethe Micro-Fuel Cell, follow the proceduresin
Chapter 5, Maintenance.

3.3 Electrical Connections

Figure 3-1 showsthe Model 3300PB rear panel of the control unit.
For detailed pinouts, see the wiring/interconnection drawingsin the Draw-

ings section at therear of thismanual. To gain accessto theterminal blocks,
the analyzer door screws must be lossened, and the door opened.

©

5 ®)
o/P
0-10VDC
ﬁ

4-20mA O/P RANGE ID

% RANGE
oo [eg [es
L

100-240~50/60Hz ‘@‘ g@
ggOAVT\Ag\.éA, T FUSE ALARM 1 ALARM 2 SENSOR FAIL

Gle] coolcaaleag

REMOTE CAUTI Ol\ggsx OF ELECTRIC 5HOCK
@ % PROBE /A\ HE PEE @EGE @

Lo Lo L]

Figure 3-1 Electrical Connectors for AC Control Unit
3-2
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Percent Oxygen Analyzer Installation 3

Primary Input Power: The power strip supplied inside the analyzer.
Connect ground to terminal 1, neutral totermina 3, and hot to terminal 2.
Make surefemale plug end isinserted in the control unit power receptacle.

The universal power supply alowsdirect connection to any 100-240
VAC, 50/60Hz power source. The fuse block, to the right of the power cord
receptacle, acceptstwo 5x20mm 0.5 A, 250V time-lag (T) fuse. (See Fuse
Replacement in chapter 5, Maintenance.)

The Power switch islocated on the right-hand end of the power source
input receptacleassembly.

AC Power Terminal Strip

POWER IN

Analog Outputs: There arethree DC output signal connectorswith
screw terminals on the panel. There are two wires per output with the polar-
ity noted. See Figure 3-3. The outputs are:

0-10V % Range: V oltageriseswith increasing oxygen concentration,
fromQV at O percent oxygento 10V at full scale
percent oxygen. (Full scale = 100% of programmed
range.)

0-10V RangeID:  03.33V = Low Range, 06.66 V = High Range,
10V = Air Cal Range.

4-20 mA % Range:  Current increaseswith increasing oxygen concentra-
tion, from 4 mA at 0 percent oxygen to 20 mA at full
scale percent oxygen. (Full scale = 100% of pro-
grammedrange.)

Alarm Relays: Thethreeaarm-circuit connectorsarescrew terminals
for making connectionsto internal alarm relay contacts. Thereisone set of
contactsfor each type of alarm. Contacts are Form C, with normally open
and normally closed contact connections capable of switching upto 0.5
ampereat 125 VAC into aresistive load (2A for 30 VDC).

“P\ Teledyne Analytical Instruments 3-3



3 Installation Model 3300PB

Thealarmrelay circuitsaredesigned for fail safe operation, meaning the
relaysare energized during normal operation. If power failstherelaysde-
energize(alarmsactivated).

The contact connectionsareindicated diagrammeatically ontherear
panel as Normally Closed, Common, and Normally Open. Figure 3-2
explainshow these act in fail safe operation.

Alarm ! and Alarm 2 can both be configured as either HI or LO. A
HI alarm will activate when concentration is abovetreshold, whileaLO
alarmwill activate concentrationisbelow treshhold.

SO

I
b

This side is closed when IN ALARM / AN This side is closed with NO ALARM
condition OR unit is NOT POWERED. condition AND unit IS POWERED.

Figure 3-2: Contact ID for FAILSAFE Relay Operation

The specific descriptionsfor each type of alarm areasfollows:

Alarm #1 Programmabl e as high or low alarm (actuates when
concentration is abovethreshold). Can be set anywhere
between 0 and 25 %, but must be set ABOVE the thresh-
old set for the LO Alarm.

Alarm #2 Programmable as high or low alarm (actuates when
concentration is below threshold). Can be set anywhere
from0to 25 %.

Sensor Fail Actuates when the output of the Micro-Fuel Cell sensor

fallsbelow the acceptablelevel (0.05% O,).

CAUTION: There could be hazardousvoltage at the alarms termi-
nals, even when power isremoved from the instrument.

Internal Sensor Wiring: Thereceptaclefor theanalysisunit cableis
located in the lower |eft-hand corner of therear panel. The 6-pin polarized
connector iskeyed to fit only one way into the receptacle. Do not forceitin.
The other end of the cable hastwo terminal connectors. This should be
connected to the header on the top of the sensor.
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Installation 3

3.3.1 RS-232 Port Option

Thedigital signal output isastandard RS-232 serial communications
port used to connect the analyzer to acomputer, terminal, or other digital

device. Thepinoutsarelistedin Table 1.

Table 1: RS-232 Signals
RS-232Sig RS232Pin  Purpose

RD 2
TD 3
COM 5

Received Data
Transmitted Data
Common

Thedatasent isstatusinformation, indigital form, updated every two
seconds. Statusisreported inthefollowing order:

e Theconcentrationin percent

e Therangeinuse

Each status output isfollowed by acarriage return and line feed.

TheRS-232 protocol allowssomeflexibility initsimplementation.
Table 2 lists certain RS-232 valuesthat are required by the 3300PB imple-

mentation.

Table 2: Required RS-232 Options

Parameter
Baud

Byte

Parity

Stop Bits
Messagelnterval

Setting
2400

8 bits
none

1

2 seconds

The RS232 terminals must not be connected
A to any AC line source, or any source of

hazardous voltage.

3.4 Gas Connections

The standard Model 3300PB hastwo inlets and one outlet fixture only.
Calibration gasses can be connected into the " Span™ inlet. All of the sample

connectionsare 1/8 inch brassfittings.

“P\ Teledyne Analytical Instruments
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A switching valveis provided to feed the analysis unit with either
sampleor gas.

A flowmwter and flow controller valve are part of the system and will
assist in setting the flow of the gas.

Sample flow should be adjusted to 2 SCFH. The sample vent connec-
tion should not restrict the sample flow. The sensor isdesigned to operate at
atmospheric pressure. Restricting the samplevent linewill resultin pressur-
izing the sensor and atering the O, reading.

The pressure required will depend on the sampling system. When
venting into aconstant pressure, such asthe atmosphere, controlling input
pressureissimple. If you are venting into asystem of varying pressure, then
someform of pressureregulationisrequired to maintain aconstant pressure.

Sampel and Span pressureisnot to exceed 50 psig (345 Kpa). ii

VENT CELL
FLOWMETER (\/
5—4 SCFH
SPAN O
3—WAY |  C
VALVE
SAMPLE (O

Figure 3-3: Piping Diagram

(standard piping diagframfor positive pressureservice)
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3.4.1 Vacuum Service Option

For vacuum service pluming reference figure 3-4. The vacuum service
option isrecommended for applicationsin which the sample sourceis not
pressurized. The customer must supply apump and bypass system to com-
plete the sample system. The sampleinlet and outlet pressure must be
maintained at aconstant pressurefor proper performance. If thesampleinlet
or vent pressure will not be held constant during the process, apressure
regulator must be used to regul ate the pressure acrossthe cell.

Adjust theflow rate on avacuum service system asfollows:

Select Sample with the three-way control valve and open the flow
control valve on the analyzer to full flow (located on the analyzer flow
meter). Open the pump bypass valve, and turn on the pump. Readjust the
pump by-passvalveto limit the maximum flow rateto full scale onthe
flowmeter with the flowmeter valvefully open. Adjust theanalyzer flow
control valve (flowmeter valve) to aflow-rate of approximately 2 SCFH).
Select Span and verify that the span and Sample gasare at different pres-
sures. The calibration accuracy will be adversely affected if the Span and
Samplegasesareat differing pressures.

If the span gasis provided from pressurized source, acontrol valve
must be added between the analyzer and the span gas source. Thisvalveis
used to adjust the span flow rate to match the sample flow rate. Do not
adjust the span flow rate with the flow control valve located on the analyzer
for unitswith vacuum service options.

|
| |
SPAN O—— | BYPASS |
| VALVE |
FLOWMETER | |
:3-3 SCFH | |
| |
| |
VENT
3-WAY VALVE % @ o— |
\_/ | |
| |
| PUMP |
| |
| |
SAMPLE O—— ' '
L = -

Customer Supplied Parts

Figure 3-4: Piping Diagram for Vacuum Service Option
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3.5 Installation Checklist

Before connecting the instrument to the power source and turning it on,
make sure you have:

» Correctly installed the Sample and Exhaust gaslines

* Openedtheisolationvalves

* Checkedfor leaks

»  Set the sample pressureto 5-10 psig (34.5-68.9 Kpa), nominal
(for non-vacuum serviceunits)

* Settheflow

Once the above checks have been made, you can connect to the power
source. Theinstrument isnow ready for operation.
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Operation

4.1 Introduction

Oncethe analyzer has been mounted, the gas lines connected and the
electrical connections made, the Analyzer can be configured for your appli-
cation. Thisinvolvessetting the system parameters:

» Defining the user selectableanalysisranges.
» Settingalarmsetpoints.
e Cdlibratingtheinstrument.

All of thesefunctions are performed viathe front panel controls, shown
inFigure4-1.

Analyzing for the percent oxygen level in the gas passing through the
cell block isthe default mode of operation. Aslong as no front panel buttons
are being pressed the Analyzer isanalyzing.

[0 [° ] ® ]

SERIES 3300 PERCENT OXYGEN

@: @ @
Ko At =
SeT SET 0 =
B n

Figure 4-1: Front Panel Controls and Indicators
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4.2 Using the Function and Data Entry
Buttons

When no buttons on the Analyzer are being pressed, theinstrument isin
the Analyze mode. It is monitoring the percent of oxygen in the sample gas
that isflowing through the Remote Probe.

When one of the Function Buttonsis being pressed, the Analyzer isin
the Setup mode or the Calibration mode.

The 4 Setup function buttons on the analyzer are:
. SET ALARM 1
. SET ALARM 2
. SET HI RANGE
. SET LO RANGE
The Calibration mode buttonis:
. SPAN

The Data Entry buttons (A and [J) increment the values displayed on
the PERCENT OXY GEN meter while one of the Function buttonsis being
held down.

. A Incrementsthedisplayedvaueupwards.
. [: Incrementsthedisplayed valuedownwards.

Any of the functions can be selected at any time by holding down the
appropriatebutton.

Each function will be described in the following sections. Although the
operator can use any function at any time, the order chosen inthismanual is
appropriatefor aninitial setup.

4.3 Setting the Analysis Ranges

Thetwo user definable analysis ranges are both capabl e of being
adjusted for from 0-1% to 0-25% oxygen concentration. Whatever values are
selected, the analyzer automatically switchesfrom the LO rangeto the HI
range when the oxygen concentration reaches 100% of the LO range
fullscale value, and it switches back to the L O range when the oxygen
concentration reaches 85% of the LO rangefullscalevalue

Note: The HIRange setpoint MUST be set at a higher concentration percent-
age than the LO Range setpoint.
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4.3.1 HI Range

Setting the HI Rangefullscale value definesthe LEAST sensitive
analysisrangeto be used. To set the HI Range:

1. Pressthe SET HI RANGE Function button once.

2. Immediately (within 5 seconds) presseither the A or [J button to
raise or lower the displayed value, asrequired, until the display
readsthedesired fullscal e percent concentration.

4.3.2 LO Range

Setting the LO Rangefullscale value definesthe MOST sensitiverange
to be used. To set the LO Range:

1. Pressthe SET LO RANGE Function button once.

2. Immediately (within 5 seconds) presseither the A or [J button to
raise or lower the displayed value, asrequired, until the display
readsthedesired fullscal e percent concentration.

4.4 Setting the Alarm Setpoints

The alarm setpoints can be adjusted over the full range of the analyzer
(0-25% oxygen content). They are set as a percent of oxygen content, so that
an alarm set to indicate 9.6 on the display will activate at 9.6% O, onany O,
range.

441 SetAlarm1

Alarm 1 can be set either asahigh or low alarm. To configure this
alarmtoyour preferences.

1. Pressthe SET ALARM 1 function button once.

2. Thedisplay will flash either HI or LO depending on what the
alarmwasconfigured inthelast time. If thea arm configuration
must be changed, use the Up or Down keysto toggle the alarm
from HI to LO or viceversa(if within 5 secondsno key is
pressed, theinstrument will return to the sample mode and
display oxygen concentration).

3. Tochangethe setting at which the alarm will be actuated, press
the SET ALARM 1 function button once more. The alarm
setpoint will flash on the LED display. Press either the Up or
Down keysto raise or lower the displayed value, as required,

Operation 4
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until the display readsthe desired percent concentration. (if
within 5 seconds no key is pressed, theinstrument will return to
the sample mode and display oxygen concentration).

After setting the value wait for the unit to time out of thismode (ap-
proximately 5 seconds) and return to displaying oxygen concentration.

442 SetAlarm 2

Alarm 2 can be set either asahigh or low alarm. To configure this
alarmtoyour preferences.

1. Pressthe SET ALARM 2 function button once.

2. Thedisplay will flash either HI or LO depending on what the
alarmwasconfigured inthelast time. If thealarm configuration
must be changed, use the Up or Down keysto toggle the alarm
fromHI to LO or viceversa(if within 5 secondsno key is
pressed, theinstrument will return to the sample mode and
display oxygen concentration).

3. Tochangethe setting at which the alarm will be actuated, press
the SET ALARM 2 function button once more. The alarm
setpoint will flash on the LED display. Press either the Up or
Down keysto raise or lower the displayed value, as required,
until the display readsthe desired percent concentration. (if
within 5 seconds no key is pressed, theinstrument will return to
the sample mode and display oxygen concentration)

After setting the value wait for the unit to time out of thismode (ap-
proximately 5 seconds) and return to displaying oxygen concentration.

4.4.3 Sensor Fail Alarm

The SENSOR FAIL adarmisfactory setto areading lessthan 0.05%
O,. Shouldthisalarmtrigger the ALARM Indicator below the SET Func-
tion buttonswill blink, and the alarm relay contact dedicated to thisfunction
will change state.
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4.5 Selecting a Fixed Range or Autoranging

The Model 3300PB can operate in fixed high, fixed low, or
autoranging mode. To change modes:
1. Pressand then release the SET HI RANGE and the SET LO
RANGE buttons simultaneously.

2. Immediately (within 5 seconds) presseither the A or [ button
until Auto, Lo, or Hi displaysonthe LCD, asdesired.

After about three seconds, the analyzer resumes monitoringinthe
selected range mode.

4.6 Calibration

Preliminary—If not already done: Power up the Analyzer and
allow the LED reading to stabilize. Set the Alarm setpointsand
thefullscalerangesto thedesired values.

3300PB SpanProcedure:
1. Pressthe SPAN button once.

Note: The numeric LED starts flashing and will continue to flash for five
minutes before timing-out. During this five minutes interval, the LED
will continue to track gas through the analyzer.

2. Flow span gas of aknown oxygen concentration into the
analyzer. Theanalyzer will begin to track the span gas.

Note: The alarms will not change state during span calibration.

3. When the meter stabilizes, usethe UP/DOWN arrowsto adjust
the analyzer span valueto the exact percent O, concentrationin
the span gas.

Note: When an arrow button is first pressed, the LED begins flashing

slightly more rapidly and no longer tracks the span gas. Instead, it
respondstothe UP/DOWNkeystrokes.

Note: While the LED is flashing slightly more rapidly, the SPAN routine will
time-outin five seconds (instead of five minutes), if no further key-
strokes areentered.

4. When the span value s set to the known concentration of O, in
the span gas, stop pressing the keys and wait for five seconds.
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Note: When you stop pressing the UP/DOWN keys, the rapid flashing will
cease and the new span value will be acquired by the analyzer after
fiveseconds.

The alarms will only be nonresponsive for 60 seconds. This time-
frame allows you to reintroduce sample gas into the analyzer.

5. Immediately flow sampleintotheanalyzer.

Supplementary Information

If, during the Span Procedure, you pressed the SPAN button by mis-
take, you must wait five minutesfor the analyzer to resume analysisor you
can press the UP button and then the DOWN button. (Pressing the UP and
DOWN buttons causes the analyzer to time-out in five secondsinstead of
fiveminutes).

If during the span procedure, you pressthe RANGE or ALARM
buttons:

- either therange or alarm routine will be activated.
- any changesto span will berejected.

- the 60 second alarm delay will not occur, i.e., thealarmswill be
responsiveimmediately.

CAUTION: TET/Al considers the action of pressing the ALARM or
RANGE buttons to be at your (the user’s) discretion. The user
should be aware that the alarms will become active within 5
seconds if the range or alarm bottoms are pressed during span.
This may result in false alarms if the span gas has not been fully
purged from the cell and sample lines.
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Maintenance
|

Asidefromnormal cleaningand checkingfor leaksat thegasconnections,
theM odel 3300PB should not requireany maintenancebeyond replacement of
expended Micro-Fuel Cdlls, and perhapsablownfuse. Routinemaintenance
includesoccasional recalibration, asdescribedinchapter 4, Operation.

5.1 Replacing the Fuse

Remove Power to Unit before replacing the fuse.
Whenafuseblows, check first to determinethe cause, thenreplacethe
fuseusingthefollowingprocedure:

1. DisconnecttheAC power and placethepower switchlocated on
therear panel intheO position. Removethepower cordfromthe

receptacle.

2. Thefusereceptacleislocatedinthepower cordreceptacle
assembly intheupper |eft-hand corner of therear panel. SeeFigure

5-1.
( N
=
= |
=
\ /)
N

FUSE
Figure 5-1: AC Fuse Replacement

3. Insertasmall flat-bladescrewdriver intothed otinthereceptacle
wall nearest thefuseand gently pry openthefusereceptacle. The
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fuseholder will dideout. Therearetwofusesinuseandarevisiblein
theclip.

4. Removethebadfuseandreplaceitwitha0.5A, 250V AC, 5x20mm
IEC, timelag (T) fuse(P/N F1130).

5. Replacethefuseholder intoitsreceptacle, pushinginfirmly until it
clicks.

5.2 Sensor Installation or Replacement

5.2.1 When to Replace a Sensor

TheMicro-Fuel Cdl typically providea most constant output throughtheir
useful life, andthenfall of f sharply towardszeroat theend. Y ouwill findthat
very littleadjustment will berequiredtokeeptheanayzer calibrated properly
duringthedurationof agivencell’ suseful life.

If thesamplebeing analyzed hasal ow oxygen concentration, cell failure
will probably beindicated by theinability to properly calibratetheanalyzer. If
largeadjustmentsarerequiredtocalibratetheinstrument, or calibrationcannot
beachievedwithintherangeof theA] buttons, thecell may needreplacing.
Read thesection Cell Warranty Conditions, below, beforereplacingthecell.

Inaddition, if thefront panel Percent Oxygen Meter displays” 00.0” when
theunitispluggedin, andthepower switchisinthe ON position, thesensor
needsto bereplaced.

IMPORTANT: After replacing the Micro-Fuel Cell, the analyzer must be
recalibrated. See Calibrationin chapter 4.

5.2.2 Ordering and Handling of Spare Sensors

Tohaveareplacement cell availablewhenitisneeded, TET/AI recom-
mendsthat onesparecell bepurchased shortly after theinstrumentisplacedin
service, andeachtimethecell isreplaced.

CAUTION: Do not stockpile cells. The warranty period starts on the day of
shipment. For best results, order a new spare cell when the
current spareis installed.

Thesparecell shouldbecarefully storedinanareathatisnot subjectto
largevariationsinambient temperature(75° Fnominal), andinsuchaway asto
eliminatetheposs bility of incurringdamage.

CAUTION: Do not disturb the integrity of the cell package until the cell is to

actually be used. If the cell package is punctured and air is permit-
ted to enter, cell-life will be compromised.
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WARNING: The sensor used in the Model 3300PB uses electrolytes

which contain substances that are extremely harmful if
touched, swallowed, or inhaled. Avoid contact with ANY
fluid or powder in or around the unit. What may appear to be
plain water could contain one of these toxic substances. In
case of eye contact, immediately flush eyes with water for
at least 15 minutes. Call physician. (See Appendix, Material
Safety Data Sheet—MSDS).
5.2.3 Removing the Micro-Fuel Cell

Toremoveaspent or damaged Micro-Fuel Cell:

1. Disconnect thePower Sour cefromtheUnit.

2. Openanalyzerdoor..

3. Unplugtheconnector fromthespent cell.

4. Removethespent cell by unscrewingit, counterclockwise, fromthe
cell block.

5. Disposeof thecell inasafemanner, andinaccordancewithlocal
laws.

5.2.4 Installing a Micro-Fuel Cell

Toingtall anew Micro-Fuel Cell:

CAUTION: Do not scratch, puncture, or damage the sensing membrane of the
Micro-Fuel Cell sensor. Damage to the membrane will require
replacement of the sensor.

1. Disconnect thePower Sour cefromtheUnit.

2. Removethenew Micro-Fuel Cell fromitsprotectivebag, being
careful not tolosethe O-ring at thebase of thethreaded portion of
thecell.

3. Openanalyzerdoor.

4. Replacethecell onthecell holder by screwingit clockwiseintothe
cell block until itisheldfirmly inthesocket.

5. Insertthecell block electrical connector plugintothesocketinthe
SeNsor.
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5.2.5 Cell Warranty Conditions

TheClassl-22 Micro-Fuel cell isusedintheModel 3300PB. Thiscell isa
longlifecell andiswarrantedfor 2 years(under specified operating conditions—
see Appendix) fromthedateof shipment. Noteany Addendaattachedtothe
front of thismanual for special informationapplyingtoyour instrument.

Withregardtosparecells, warranty period beginsonthedateof shipment.
Thecustomer should stock only onesparecel | per instrument at atime. Do not
attempt tostockpilesparecells.

If acell wasworking satisfactorily, but ceasestofunctionbeforethe
warranty periodexpires, thecustomer will receivecredit toward the purchaseof
anew cell.

If youhaveawarranty claim, youmustreturnthecell inquestiontothe
factory forevaluation. If itisdeterminedthat failureisduetofaulty workmanship
or material, thecell will bereplaced at no cost tothecustomer.

NOTE: Evidence of damage due to tampering or mishandling will render the
cell warranty null and void.
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Aeeendix

A.1 Specifications

Ranges.  0-3 %and0-10 % oxygen (Standard
Ranges),and 0-25 % (nomind) Calibration
Range. User selectable% Rangescan beset
between 1% and 25 % oxygen (optional
100%range).

SignalOutput:  Voltage  0-10V dc, hegativeground
Current:  4-20mA, negativeground
RangelD: 0-10V dc.
Display:  Lightemittingdiodedisplay.
Alarms  Twocustomer selectablehighorlowfully

System Operating Temp:

adjustablealarms. Onecell failurealarm.
Alarmrelaysform™C" contacts, dry contacts
rated at 2A for 30VDC, 0.5A for 115VAC.

0-50 °C

Accuracy:  £2%of full scaleat constant temperature
+5% of full scalethrough operatingtemp.
rangeoncetemp. equilibriumisreached. (At
3 %andhigher user definedranges.)

ResponseTime:  90% inlessthan 8 secondsat 25 °C.

System Power Requirements:
System Enclosur e

Weight:
Sensor Type:

AC (100-240 VAC, 50/60Hz), 10W

Wall Mounting, NEMA-4enclosure.
Dimensions(Approx.) 8W x 10Hx 6D.

13.8lbs(6.4Kg).
MicroFuel Cell Class|-22.
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A.2 Spare Parts List

QTY. PIN DESCRIPTION

1 C-65220E PC Board, Main

1 C-65220F PC Board, Main for 0-100% range.

1 C-64586C PC Board, Power Supply, AC Version

1 C-44611-1-22 Micro-Fuel Cell, 1-22

2 F-1130 Fuse (AC), %A, 250 VAC, IEC Type T,
5x20mm

1 F-274 Flowmeter 0.3-3.0 SCFH

IMPORTANT: Orders for replacement parts should include the part number
and the model and serial number of the system for which the
parts areintended.

Send ordersto:

TELEDYNE ELECTRONIC TECHNOLOGIES
Analytical Instruments

16830 Chestnut Street

City of Industry, CA 91749-1580

Telephone: (626) 934-1500
TWX: (910) 584-1887 TDYANYL COID
Fax: (626) 961-2538

Web: www.teledyne-ai.com

or your local representative.
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A.3 Reference Drawing

A-69265 PipingDiagram
D-69229 OutlineDiagram

A.4 Miscellaneous

The symbol: ~isused on the rear panel of the model 3300PB to signify
voltsalternating current (V ac).

NOTE: The MSDS on this material is available upon request
through the Teledyne Environmental, Health and
Safety Coordinator. Contact at (626) 934-1592
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A.5 Material Safety Data Sheet

Section | — Product Identification

Product Name: Micro-Fuel Cells
Mini-Micro-Fuel Cells, al classes
Super Célls, all classes except T-5F
Electrochemical Oxygen Sensors, all classes.

Manufacturer:  TeledyneElectronic Technologies/Analytical Instruments
Address. 16830 Chestnut Street, City of Industry, CA 91749
Phone:  (626) 934-1500
Technical Support:  (626) 934-1673
Environment,Health
and Safety:  (626) 934-1592
DatePrepared :  11/23/98

Section Il — Physical and Chemical Data

Chemical and Common Names: Potassium Hydroxide (KOH), 15% (w/v)

Lead (Pb), pure
CASNumber: KOH 1310-58-3
Pb 7439-92-1
KOH (15% wi/v) Pb (pure)
Melting Point/Range:. —10to 0 °C 328 °C
Boiling Point/Range: 100 to 115 °C 1744 °C
Specific Gravity: 1.09 @ 20 °C 11.34
pH: >14 N/A
Solubility in Water:  Completely soluble Insoluble
Percent Volatilesby Volume:  None N/A
Appearance and Odor:  Colorless, odorless solution Grey metal,

odorless
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Section Ill — Physical Hazards

Potential for fire and explosion: The electrolyte in the Micro-Fuel Cells
is not flammable. There are no fire or explosion hazards associated with

Micro-Fuel Cells.

Potential for reactivity: The sensors are stable under normal conditions of
use. Avoid contact between the sensor electrolyte and strong acids.

Section IV — Health Hazard Data

Primary route of entry:
Exposure limits:OSHA PEL.:
ACGIH TLV:

Effects of overexposure

I ngestion:

Eye:

Dermal;

Inhalation:

Signs/symptoms of exposure:

Medical conditions
aggravated by exposure:

Carcinogenicity:

Other health hazards;

Ingestion, eye/skin contact
.05 mg/cu.m. (Pb)
2 mg/cu.m. (KOH)

The electrolyte could be harmful or fatal
if swallowed.

Oral LD50 (RAT) = 3650 mg/kg

The electrolyte is corrosive; eye contact
could result in permanent loss of vision.
The electrolyte is corrosive; skin contact
could result in achemical burn.

Liquid inhalation is unlikely.

Contact with skin or eyeswill cause a
burning sensation and/or feel soapy or
slippery to touch.

None

NTP Annual Report on Carcinogens. Not
listed

LARC Monographs: Not listed

OSHA: Not listed

Lead islisted as a chemical known to the
State of Californiato cause birth defects
or other reproductive harm.
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Section V — Emergency and First Aid Procedures

Eye Contact:  Flush eyes with water for at least 15 minutes and get im-
mediate medical attention.

Skin Contact: ~ Wash affected area with plenty of water and remove
contaminated clothing. If burning persists, seek medical
attention.

Ingestion:  Give plenty of cold water. Do not induce vomiting.
Seek medical attention. Do not administer liquids to an
UNCONSCI OUS person.
Inhalation:  Liquid inhalation isunlikely.

Section VI — Handling Information

NOTE: The oxygen sensors are sealed, and under normal circumstances,
the contents of the sensors do not present a health hazard. The
following information is given as a guide in the event that a cell
leaks.

Protective clothing: Rubber gloves, chemical splash goggles.

Clean-up procedures.  Wipe down the area several times with a wet pa-
per towel. Use a fresh towel each time.

Protective measur es

during cell replacement: Before opening the bag containing the sensor
cell, check the sensor cell for leakage. If the sen-
sor cell leaks, do not open the bag. If thereis
liquid around the cell while in the instrument,
put on gloves and eye protection before remov-
ing the cell.

Disposal: Should be in accordance with all applicable
state, local and federal regulations.

NOTE: The above information is derived from the MSDS provided by the
manufacturer. The information is believed to be correct but does
not purport to be all inclusive and shall be used only as a guide.
Teledyne Analytical Instruments shall not be held liable for any
damage resulting from handling or from contact with the above
product.
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