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Yokogawa presents zirconia
oxygen analyzers for saving energy
and environmental protection
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The principle of the zirconia oxygen analyzer is as follows:

At high temperatures the zirconia element, as a solid electrolyte, is a conductor
of oxygen ions. Platinum electrodes are attached to the interior and exterior of
the zirconia. Heating the element allows different partial oxygen concentrations
of gasses to come into contact with the opposite side of the zirconia creating an
oxygen concentration cell. In other words, oxygen molecules gain electrons to
form oxygen ions with higher partial oxygen concentrations. These ions travel
through the zirconia element to the other electrode. At that point, electrons are
released to form oxygen molecules (refer to the chemical formula). The Nernst
expression can be applied to calculate the force by measuring the
electromotive force E generated between the two electrodes.

Electrode with high oxygen partial pressure: 0+4e — 20" (Reference side)
Electrode with low oxygen partial pressure: 20°” — 0z2+4e (Reference side)
Reactive electromotive force E(V) can be derived from Nemst's formula.

RT . Px
nF " B,

R: Gas constant; T: Absolute temperature; n: 4; F: Faraday's constant;

Px: Oxygen partial pressure of zirconia element on the measuring gas side(%);
PA: Oxygen partial pressure of zirconia element on the reference air side(%);
Atmospheric air: 20.6(%); Instrument air: 21.0(%)

E-—

For the ZR22 cell, temperature =-50.74log Px [mv]
is 750°C and the correspondingly . Pa
reactive electromotive force E = Px=Pa-10 5074
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Integrated Type In Situ Zirconia Oxygen / High Temperature Humidity Analyzer

B Can cut wiring, piping and installation costs
B Can be operated in the field without opening
the cover using an infrared switch
M Allows replacement of the zirconia cell and heater in the field
B Can measure either oxygen concentration or humidity
with a single analyzer
Bl Remote maintenance using digital communication reduces
maintenance cost.
B Explosionproof approval ATEX: EExd IIB + Hz2, Group I,
Category 2GD, T2, T300°C
FM/CSA: Class I, Division 1, Group B, C and D,
Class II/1ll, Division 1, Group E, F and G, T2

l Automatic Calibration Unit

Converter

4 ZR202G

Automatic
calibration unit

Span gas

Zero gas
Instrument air

Detector

B The automatic calibration unit can
be attached in the field easily

Infrared switches enable operation
without opening the display cover

4

Heater assembly is easily replaced in the field

A ZR202S
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Separate Type In Situ Zirconia Oxygen / High Temperature Humidity Analyzer

M Liquid-crystal touch panel display provides easy operation
M Interactive model displays instructions to follow, including
those for: settings, oxygen concentration trends, and
calibration operations
M Digital communications features are provided as standard —
this enables the analyzer to be maintenance-serviced remotely
B Can measure either oxygen concentration or
humidity with a single analyzer 3
M Highly reliable measurements with trend-data graphs f '
B The zirconia cell and heater assembly can be
replaced in the field
B Explosionproof approval ATEX: EExd IIB + Hz, Group Il,
Category 2GD, T2, T300°C
FM/CSA: Class I, Division 1, Group B, C and D,
Class Il/1ll, Division 1, Group E, F and G, T2

ZR22G Detector A A ZR402G Converter
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With the measurement of oxygen in the exhaust gas
the flow of fuel can be controlled for optimum burner
efficiency and minimum environmental effects.
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ZR402G Separate Type Converter

Complete Operation Display

M Interactive operations along with operation display

B A variety of display modes — enabling you to select the
operation mode freely

B Back-lit LCD allows viewing even in the darkness

B Error codes and details of errors can be checked in the
field without the need to refer to the appropriate instruction
manual

Self-testing suggests countermeasures

for problems

If a problem occurs, the liquid-crystal display will provide an
error code and the reason for the problem. This enables
prompt and appropriate corrective action to be taken.

Error code Reason for error

E--1 Cell failure

E--2 Abnormal heater temperature
E--3 Defective A/D converter

E--4 Faulty EEPROM

ALARMA1 Abnormal oxygen concentration
ALARM2 Abnormal moisture content
ALARM3 Abnormal mixing ratio

ALARM6 Abnormal zero calibration factor
ALARM7 Abnormal span calibration factor
ALARM8 Stabilization time over

( Typical Converter Displays )
@ Example of basic display

S 2103

%02
21.0 %02 -Outputt
21.0 %02 -output2 7

This display enables you to operate the
analyzer while checking data on the display.

@ Example of trend display
— displays data changes

Tag: YOKOGAWA ZIRCONIA

During automatic calibration, you can check
stabilized display data while viewing oxygen
trend data, thus providing highly reliable
calibration.

@ Example of setting data display
— displays data changes

Maintenance 0

¥ Display setup —
# Calibration setup 4.3
# Blow back setup

4 mA-output loop check
4 Contact check

@ One-touch interactive display operation

@ User-friendly design providing easy
operation wituout having to use the
instruction manual.

ZR22S Explosionproof version Detector

System configuration

Hazardous area Non-hazardous area

ZR22S Separate type Explosionproof ZR402G Converter
Zirconia Oxygen Analyzer, Detector (

= |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, BRSO
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, O 2%9Vac
ZAGF flow seting unit
Needo
Towmter Necdl

Pressure regulator Zero gas
D Cyindar

* Calibration gas unit same as for zero gas.

04



Detector Application Application 1 _
Example of boiler instrumentation
pr—Boiler (fuel oil and gas)

High
temperature e Boiler (coal)(pulverized coal on fluidized bed) Fexe)71311s)1]
’.llllllllllllll probe B | b k d h
(0to 1400C) oiler (bark or wood chips)

Application
and System

n n
Conflgu ratlon === Heating furnace
For sample gas — (¢]
The basic configuration consists of a probe temperature over 700°C === Soaking pit H
and a converter. A flow unit and calibration = Annealing furnace
o . Iron &
cylinder may be added as required, General H steel
depending on the application purpose ot stove Steam
requirements. The optimal probe may be ) ) probe + —— Coke oven
selected from a variety of probes. One < Pipe for high-temperature filter Sintering f
type of converter is capable of application (SiC,SUS3103) p ering urnace
handling all applications. o = Melting furnace Non-ferrous Fuel Flowmeter
‘.‘ === Heating and annealing furnaces metals oil =
. *
F"Vter “"‘ General Lime kiln (rotary) 0
> purpose Lime kiln (vertical) Air
probe+probe
o Cement kiln (cyclone exit) Boiler Stack
. _ R - - Ceramics FDF motor
¥ Probe protector +** Protectors prevent the probe g S ATEE0 () i 2E)
‘0‘ from being eroded by fine particles Glass melting furnace (in stack)
0" q . . .
“. === Ceramic baking furnace Application 2
* ; —_— ) Petroleum refinery process fired heater
* Explosion Heating fi m e
* g furnace
proof
Naphth king f r ;
probe — aphtha cracking furnace PE—— i ® Measuring point (Explosionproof) |
'V Explosionproof probe Heating furnace

Black liquor recovery boiler Pulp &
[e]
Sludge kiln/boiler paper m

General —— Forging furnace
'V Probe protector purpose Machinery
"‘ === Heat treatment furnace
.
r gt Window box Electric power
y *
b "‘ Protectors allow the probe Drying furnace Stack
) ** to be installed horizontally
1 “‘ Reaction furnace
*
3 ‘0‘ General Roasting furnace e -
o* purpose Air
EEEEEEEEEEEEEEEEEEER® RITLLTTTITLL — Incinerator Preheater
; . , J
R
* - .
R) Sludge burning furnace |_|_
EEEEEEESEEESEESESEESESEESEEEEESENEEEEEEEEEEEEED
: Various insertion lengths are === Fermentation tank

Signal line/heater line available: 0.4, 0.7, 1.0, 1.5, | fici o Window Box Draft Blower ~Exhaust Blower

. . . ——— - t
l Special cables not required. General-purpose Calibration gas line 2.0, 2.5 and 3.0 meters ndoor oxygen-deficiency monitoring
shielded cables can be used. Check valve installed to
Check valve p> The distance between the probe and converter can vae !
! : o ! prevent a reverse flow of
]| be approximately 500 m if a 2 mm? cable is used and th
approximately 300 m if a 1.25 mm? cable is used. © process gas.

Application 3
paper machine drying process

® Humidity measuring point

Converter Probe for high temperature use
(process temperature of 0 to 140_0; C)

@ 4 to 20 mA DC analog output, input/output isolated, © Roller
Solenoid valve drive Linear (or log) scale from 0 to 5 through 0 to 100 %
e R : by volume of oxygen If the process temperature exceeds
. . 1 1T { KK B Oy H
airline - : I_ i @ Programmable using 13 items, including four outputs, 700°C, use the pr.obe. for high-
Calibration | |Air set ‘ abnormal, maintenance, calibration, temperature application. For other —
gas line 1 lii I ‘15 Instrument temperature high-alarm, Hi/Lo alarms etc. special application requirements,
|:| [><] : air : appropriate probes and
Reference air line i G @41020 MA DC analog input, process temperature associated attachments are Dryer 6
if this line is not installed, | » @ 1 7 ; e available.
atmospheric air will flow geglsatbg? 4 @ Programmable using five items, including two contact ® ®
into the probe as g i I inputs, calibration-gas pressure decrease alarm,
reference air. ] renge switching, process alarm, blow-back start etc. Air Ejector Detector
Zero | S - Process gas is ejected when the max150°C
gas » o pressure is positive
—___ ZR402G Digital communication i
85-264 VAC ) g.l .
Pipe
Waterproof and dustproof SiC(Silicon Carbide max. 1400°C) and
] construction (panel-, wall, or pipe- SUS310S(Stainless steel max. 800°C)
Flow Setting Unit (ZA8F) mounted) CS3000 available. Insertion length 1.0m, 1.5m
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SPECIFICATIONS

General purpose version

Object of measurement

Oxygen Analyzer: Oxygen concentration in combustion exhaust gas and mixed gases (excluding inflammable gases)
Humidity Analyzer: water vapor (in vol%) in mixed gases (air and water vapor) (Only non-explosionproof)

Measurement system

Zirconia

Measuring range

Display 0O2: 0 to 100 vol% Oz (digital display)
H20: 0 to 100 vol% H=0 or 0 to 1,000 kg/kg, % relative humidity, dew point

Output  O2: Any setting in the range from 0 to 5 vol% Oz to 0 to 100 vol% Oz (1 vol% Oz scale)
H20: Any setting in the range from 0 to 25 vol% Hz0 to 0 to 100 vol% H20 or 0 to 0.200 kg/kg

to 0 to 1,000 kg/kg

Process gas pressure

O2: -5 to +250 kpa (Non-explosionproof)
H20: -5 to +20 kpa

Sample gas temperature

General purpose use: 0 to 700 °C

High temperature use: 0 to 1400 °C

Insertion length

General purpose use: 0.4, 0.7, 1.0, 1.5, 2.0, 2.5 or 3.0 meters

High temperature use: 1.0 or 1.5 meters

Output signal

4 to 20 mA DC analog output and Digital Communication

Contact output
Slectable: ZR202G; 2 points
ZR402G; 4 points

(1) Abnormal, (2) High-high-alarm, (3) High-alarm, (4) Low-low alarm, (5) Low-alarm,
(6) Maintenance, (7) Calibration, (8) Range switching answer-back, (9) Warm-up,
(10) Calibration-gas pressure decrease (anser-back of contact input), (11) Temperature high-alarm,

(12) Blowback start, (13) Flameout gas detection (answerback of contact input)

Alarm Related ltems

Oxygen concentration high-alarm/ high-high alarm limit values (vol% O2),
Oxygen concentration low-alarm/ low-low alarm limit values (vol% O2),
Oxygen concentration alarm hysteresis (vol% O2),

Oxygen concentration alarm detection, alarm delay (seconds)

Self-diagnosis

Abnormal cell, abnormal cell temperature (low/high), abnormal calibration,
defective A/D converter, defective digital circuit

Calibration method

Manual, semi-auto or auto-matic calibration

Construction of detector

Waterproof construction, NEMA4X/IP65

Construction of converter

Dustproof and waterproof construction, NEMA4X/IP65

Ambient temperature

ZR22G: -20° to 150 °C; ZR402G: -20 to 55 °C
ZR202G: -20 to 55 °C

Power requirements

85 to 264 V AC, 50/60 Hz

Explosionproof version

Object of measurement

Oxygen Analyzer: Oxygen concentration in combustion exhaust gas and mixed gases (excluding inflammable gases)

Measuring range

Display 0O2: 0 to 100 vol% Oz (digital display)

Output  O2: Any setting in the range from 0 to 5 vol% Oz to 0 to 100 vol% Oz (1 vol% Oz scale)

Process gas pressure

-51to +5 kpa

Insertion length

General purpose use: 0.4, 0.7, 1.0, 1.5 or 2.0 meters

High temperature use: 1.0 or 1.5 meters

Explosionproof Approval
ATEX:
FM/CSA:

EExd Il B + Hz, Group Il, Category 2GD, T2, T300°C
Class I, Division 1, Groups B, C and D, Class I/, Division 1, Groups E, F and G, T2

Ambient temperature

ZR22S: -20 to 60 °C (-20 to 150 °C on the terminal box surface); ZR402G: -20 to 55 °C
ZR202S: -20 to 55 °C

Wiring Connection

ATEX: M20 by 1.5 mm or 1/2 NPT select one type (2 pieces)
FM: 1/2 NPT (2 pieces)
CSA: 1/2 NPT (2 pieces)
Characteristics
Repeatability 02: £ 0.5 % Maximum value of setting range H20: £ 1% Maximum value of setting range
Drift 02: + 2 % Maximum value of setted range/month ~ H20: £ 3% Maximum value of setted range/month

Response speed

90 % response within 5 sec. (after gas is introduced from calibration gas inlet)

*Refer to the GS11M12A01-01E and GS11M13A01-01E for detailed specification.

EXTERNAL DIMENSIONS

M integrated Type General purpose Analyzer ZR202G

| L 338~351 _ o123
e Display
L=04,07, T Rc1/4 or 1/4ANPT
1.0,15,20, — ( air inlet)
5, 3.0 (m) 8
2 2
8 £ gI
@A ) ~L
—~~_Rc 1/4 or [I/ANPT Nk @
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Ml Separate Type General purpose Detector ZR22G
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L=0.15,0.4, *%*“*
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g 5
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I
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(Wiling hole)
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Ml Separate Type General purpose Converter ZR402G

280
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(Panel mounting)
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M Integrated Type Explosionproof Analyzer

348 3

@50.8 *3
(=]
o

Rci/d or 1/4Nf
Reference Air

PT
Inlet

170 £3

485 #2
122 +8

Rct/d or 1/4NPT
Calibration Gas Inlet

Re1/4 or 1/4NPT
Reference Air Outlet

-

125 #8

4-M20X1.5 or 4-1/2NPT
able Connection Port

Jaz

Ml Separate Type Explosionproof Detector ZR22S

ZR202S

FLANGE

156 3

252

4+3 L 311%3
2 ! i
. 27| L=01504, 5
il = 0.7,1.0, L 8 ‘
38 Q 1.5,2.0 (m) ;

- ‘ ] m
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Rc1/4 or 1/4ANPT
Reference air inlet

2-M20X1.5 or 2-1/2NPT
Cable connection port

S, i of
.|||| v ) -
N\ et g
e

Flange A B C t
ANSI Class 150 2 RF SUS304 152.4 120.6 4-219 19
ANSI Class 150 3 RF SUS304 190.5 162.4 4-219 24
ANSI Class 150 4 RF SUS304 228.6 190.5 8-19 24
DIN PN10 DN50 SUS304 165 125 4-018 18
DIN PN10 DN80 SUS304 200 160 8-018 20
DIN PN10 DN100 SUS304 220 180 8-018 20
JIS 5K 65 FF SUS304 155 130 4-015 14
JIS 10K 65 FF SUS304 175 140 4-019 18
JIS 10K 80 FF SUS304 185 150 8-019 18
JIS 10K 100 FF SUS304 210 175 8-019 18
JPI Class 150 4 RF SUS304 229 190.5 8-019 24
JPI Class 150 3 RF SUS304 190 152.4 4-019 24
Westinghouse 155 127 4-0115 14
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A Yokogawa Commitment to Industry

vigilance’

YOKOGAWA ELECTRIC CORPORATION
World Headquarters

9-32, Nakacho 2-chome, Musashino-shi,
Tokyo 180-8750, JAPAN

Tel.: +81-422-52-5617 Fax.: +81-422-52-3421
World Sales Headquarters

9-32, Nakacho 2-chome, Musashino-shi,
Tokyo 180-8750, JAPAN

Tel.: +81-422-52-6339 Fax.: +81-422-52-6552
YOKOGAWA ELECTRIC ASIA PTE. LTD.

5 Bedok South Road, Singapore 469270.
Tel.: (65)2419933 Fax.: (65)2419919

Subject to change without notice

What does Yokogawa vigilance mean to the future of your business? Quality. Through products that are
built from the ground up and tested to the last hour, you're ensured continuous operation and more uptime.
Innovation. Your business will benefit from new insights and copubﬂiﬁes, bringing true predictobility to your
process. Foresight. As the market changes, you'll have solutions that give you the continuity and flexibility to
plan ahead and grow. Our partners know the difference. With Yokogawa, you can count on a lifetime of
plant efficiency, from instrumentation to operation support. Let us be vigilant about your business.

YOKOGAWA EUROPE B.V.

P.O.Box 163,3800 AD Amersfoort,
Vanadiumweg 11, 3812 PX Amersfoort,

THE NETHERLANDS

Tel.: +31-33-4-641611 Fax.: +31-33-4-641610
YOKOGAWA CORPORATION OF AMERICA
2 Dart Road

Newnan, GA 30265-1040, U.S.A.

Tel.: +1-770-254-0400 Fax.: +1-770-254-0928
YOKOGAWA AMERICA DO SUL S.A.

Avenida Jurua, 149 Alphaville CEP 06455-010 Barueri

Sao Paulo BRAZIL
Tel.: +55-11-7295-6282 Fax.: +55-11-421-3538
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