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1  System Description
1 System Description
Lambda Transmitter LT3 with KS1D-Ex Combination Probe is a measurement system for ox-
ygen (O2) and detection oxidising gas (CO/H2 etc.).
The installation of the probe integrated directly in the process without need of gas preparation. 
This results in substantial shortening of response times. 
Lambda transmitter and Combination Probe are built to provide the protection class "flame-
proof enclosure" category (Ex d). This provides the opportunity to apply the complete system 
in hazardous areas of zone 1 as well as in 2. 
Design and materials used such as ceramics and stainless steel the probe is very robust. This 
offers a wide variety of applications in measuring tasks. 
It’s possible to use the KS1D probe for flue gas temperatures since 1,200 °C, if you are using 
a flue gas bypass tube made of Kanthal.

Characteristics:
• O2-range of measuring:  

0 ... to 18 vol. % 
with limitation 0 ... 25 vol.%

• COe-range of measuring: 
0 ... 1,000  ppm

• Independently of false air (COe)
• No gas preparation required,  

measurement directly in the humid flue gas
• Response time to 60  %-value (T60):  

O2 approx. 50 s 
COe approx. 40 s

• Low heating power with LT3-Ex 15 ... 23  Watt, 
depending on the flue gas temperature

• Low-maintenance
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2  Measuring Principle
2 Measuring Principle
Measuring principle KS1D-Ex:
The basis of the KS1D-Ex Combination Probe is a heated electrochemical measuring cell 
made of zirconium dioxide ceramics.
It is equipped with 3 electrodes:
• O2-sensitive platinum electrode
• CO/H2-sensitive electrode made of a platinum/gold alloy
• Platinum reference electrode

The O2 measuring cell works as an electrochemical concentration chain and generates a di-
rect voltage.
In a first step you supply the external electrode with a test gas and the internal electrode with 
a reference gas of familiar O2 concentration e.g. air (20.96 % O2) with a continuous constant 
temperature between 700 and 800 °C. This results in a logarithmic correlation between the 
probe voltage U and the oxygen concentration on the test gas.
Probe principle ‒ CO/H2-sensitive electrode:
Alongside Nernst voltage UO2 determined by the oxygen content, the combustible compo-
nents in the sample gas generate an additional direct voltage UCO/H2. The sensor voltage is 
the total of both voltages:  
US = UO2 + UCO/H2 (see Fig. 2).
Even with low concentrations of oxidising gases, like H2 or CO, the mixed potential is consid-
erably higher than that of the O2 signal.

Fig. 2-2 Sensor characteristic

Fig. 2-1 Schematic structure of the KS1D-Ex Combination Probe

1 Reference electrode
2 Sensor cap with gas inlet
3 O2-sensitive electrode
4 Housing
5 Heater
6 Functional ceramics
7 CO/H2-sensitive electrode
8 Protective coat
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2  Measuring Principle
2.1 Operating principle of oxygen measurement

The principle of oxygen measurement is really simple and was already described by W. H. 
Nernst at the end of the 19th century. The voltage U between the two electrodes is composed 
of a constant offset voltage U0 and a variable voltage which on the one hand depends on the 
sensor temperature and on the other hand, on the ratio of oxygen content to the reference and 
measurement side.

k is a natural constant.  This formula (Nernst formula) explains that the larger the difference 
between the oxygen fractions in the sample gas and in the reference gas, the greater the sen-
sor voltage is. . 
The offset voltage generally arises as a result of temperature differences between the refer-
ence electrode and the electrode in the sample gas.
On both electrodes the conversion of oxygen to ions takes place (O2 4e 2-). The back 
reaction takes place to the same degree in the chemical balance. The difference in the con-
centration of oxygen on both sides, however, results in more oxygen being converted than on 
the sample side when all the framework conditions are met on the reference side. This results 
in different potentials on both sides. The potential difference produces the measured voltage 
depending on the oxygen fraction in the sample gas (the reference side is always constant).
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2  Measuring Principle
2.2 Operating principle of COe measurement

If the sample gas does not comprise pure air or nitrogen and oxygen, but also contains a frac-
tion of combustible gases (CO, H2, CH4, etc. COe), several effects are responsible for the 
occurrence of the measured voltage.
The first fraction is the same as in oxygen measurement. The difference between the oxygen 
fractions also exists in this case. The second voltage fraction is the so-called COe-voltage. 
This is added together with the voltage from the oxygen difference to the overall voltage meas-
ured between the electrodes UCO/H2.

The mechanisms which contribute to the formation of the UCOe voltage are far more complex 
than the operation of oxygen measurement. Therefore only the most important points should 
be mentioned here in brief.
– The sensor. To measure COe it is necessary to alter the material of the sensing electrode 

as a pure platinum electrode does not respond to COe as desired. As a rule, in COe- sen-
sors the sensing electrode is "contaminated" with other metals.

– Platinum has the property of binding many gases including O2 and COe to the surface in 
an active state. The COe bound to the surface reacts spontaneously with the bound oxy-
gen as platinum is a very good catalyst.

– Gold does not have this property of platinum described. However, it binds COe molecules 
to its surface very well. Oxygen, which was there previously, is therefore displaced. In the 
end this results in no more oxygen being present anywhere where there is gold is on the 
surface. Therefore the desired balance of the oxygen fractions between both electrodes 
(see oxygen measurement) is shifted further towards an imbalance.

The catalytic reactions, the oxygen imbalance and additional processes not described here 
altogether form the sensor voltage which is determined when measuring COe.
If the known fractionof oxygen is deducted from this total voltage, the pure voltage which aris-
es as a result of the COe processes is obtained.
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3 Mounting and Functions
The Lambda Transmitter LT3-Ex is a microprocessor-based measuring transducer with diag-
nostic functions.

Fig. 3-1 Lambda Transmitter LT3-Ex Fig. 3-2 Combination Probe KS1D-Ex 

Specification: Specification:
CE 0081 Ex II 2 GD  
Ex d IIB+H2 T6  
Ex tD A21 IP65 T85 °C   
LCIE 08 ATEX 6038X

II2G Ex d II2B+H2 T4 (Ta: -20°C up to 
60°C) 
LCIE 13 ATEX 3045X IECEx LCIE 
13.0027X

The operation is be realised by using a magnetic pen 
at the enclosed housing. Therefore particular safety 
arrangements while operating in potentially explosive 
atmospheres are not necessary.

The combination probe KS1D-Ex allows the simultaneous 
measurement of Oxygen (O2) and oxidising gas constitu-
ents components (CO/H2) with a ZrO2 sensor
For KS1D-Ex the measuring principle based on the proven 
Lambda probe LS2 and combination probe KS1 as well is 
merged to a ZrO2-Sensor
The probe is build in a flame proof enclosure. It can be 
used in hazardous areas zone 1 and 2.

Dimensions: LT3-Ex (L x W x H [mm]) Dimensions: KS1D-Ex ( x L [mm]):
276 x 276 x 217 
350 x 350 x 217 (screwed cable 
gland/mounting straps)

98 x 230

Length connec-
tion cable:

 
2 m

Class of pro-
tection:

IP65 Class of protec-
tion:

IP65

Weight: approx. 14 kg Weight: approx. 3 kg
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3  Mounting and Functions
3.1 Flue Gas Bypass Tube

The flue gas bypass tube is designed for cooling down hot flue gases and to direct them to the 
probe. The hot flue gas will be trapped in the flue gas duct and directed via the lower part of 
the bypass tube to the probe. Thereby the flue gas is cooling down.
After the probe, the cooled flue gas will be returned into the duct via the top of the bypass tube.

Fig. 3-3 Combination probe 

1 Combination probe KS1D-Ex, 
1a connecting cable, length 2 m
1b testgas connector 6 mm, cutting ring fitting

2 Flue gas bypass tube 
X = length

3 Counter flange DN65 PN6
4 Flange gasket 
5 Graphite gasket
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3  Mounting and Functions
3.2 Probe Connection Box (PCB)

To be used at distances > 2 m between the probe and the analyzer LT3-Ex

Fig. 3-4 Probe connection box

Dimensions: 180x110x80 mm (housing: 110x110x80 + cable glands)
Weight: 1.3 kg
Hazardous area 
certification:

II 2GD Ex e II T5 Ex tD A21 IP66 T100°C

Material: Cast aluminium housing coated
Color: light grey RAL7035
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4  Options and Accessories
4 Options and Accessories
LT3-Ex Options
– Select language GER/EN/FR
– LSB-Module with 4 analogue outputs, current, 0 ... 10 V
– LSB-Module with 4 digital outputs,
– LSB-Module with 2 analogue outputs and HART-communication 

(2 modules per devices possible)

KS1D-Ex accessory
– Probe connection box

For flue gas temperature up to 750 °C
– Flue gas bypass tube 500 mm stainless steel 1.4571
– Flue gas bypass tube 750 mm stainless steel 1.4571
– Flue gas bypass tube 1,000 mm stainless steel 1.4571
– Flue gas bypass tube 1,500 mm stainless steel 1.4571
– Flue gas bypass tube 2,000 mm stainless steel 1.4571

For flue gas temperature up to 950 °C
– Flue gas bypass tube 500 mm INCONEL 600 2.4816/1.4571
– Flue gas bypass tube 750 mm INCONEL 600 2.4816/1.4571
– Flue gas bypass tube 1,000 mm INCONEL 600 2.4816/1.4571
– Flue gas bypass tube 1,500 mm INCONEL 600 2.4816/1.4571
– Flue gas bypass tube 2,000 mm INCONEL 600 2.4816/1.4571

For flue gas temperature up to 1,200 °C
– Flue gas bypass tube 500 mm KANTHAL APM/1.4571
– Flue gas bypass tube 750 mm KANTHAL APM/1.4571
– Flue gas bypass tube 1,000 mm KANTHAL APM/1.4571
– Flue gas bypass tube 1,500 mm KANTHAL APM/1.4571
– Flue gas bypass tube 2,000 mm KANTHAL APM/1.4571

– Counterflange DN65 PN6 with tube 80, stainless steel 1.4571
– Counterflange DN65 PN6 with tube 80, St37-2, EPD (Electrophoretic deposition)
– Flange gasket for DN65 PN6 3 mm graphite
9





The information in this publication is subject to technical changes.
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