Applications Note

MICROceL TOXIC

—

Sample Circuit Board Layout

Recomended Connector Mating Part:
Molex 22-01-2035 3 way housing

Operation

For correctoperation, MICROceLs require a small supply of
oxygen to the Counter and Reference electrodes. This is
usually provided in the sample stream, by air diffusing to the
front of the sensor, or by diffusion through the sides of the
sensor (afewthousand ppmis normally sufficient). Continuous
exposure to an anaerobic sample gas may cause the sensorto
malfunction in spite of the oxygen access paths. The sensor
must not therefore be completely potted with resin or totally
immersed in an anaerobic gas mixture.
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Start Up - Standard Operation MICROceLs

Tomaintainasensorina'readytowork' condition, MICROceLs
are supplied with a shorting link across the Sensing and
Referenceterminals. Thismustremainin place during storage,
and only be removed whenthe sensorisreadyto be used. Once
inuse, asensor willrequire along start up time ifthe electrodes
are not reshorted when the instrument is switched off. In the
recommended circuit, this is achieved by a shorting J-FET,
which keeps the electrodes shorted when the circuit is
unpowered.

Pressure Effects

MICROceLs give a transient response when exposed to a
sudden changeinpressure inthe presence of ameasured gas.
The peak signal decays in only a few seconds. This canbe a
particular problem when using sampling pumps, as they may
introduce pressure fluctuations into the gas stream.

Pressure pulsations can be avoided by ensuring the sensor
is positioned at the atmospheric end of the sample train.
Alternatively a flow restriction placed upstream from the
MICROceL will also help to damp out pressure oscillations.

Another effective measure isto ensure thatthe back pressure
downstream fromthe MICROceL is effectively zero, so allowing
an unrestricted flow of gas to ambient air. However it is
importantto prevent back diffusion from the ambientair diluting
the gas stream and lowering the gas concentration being
measured. Back diffusion can be reduced for example by the
provision of an exhaust gas tube of 4mm internal diameter and
8mm length.
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Applications Note

Circuitry - Three electrode MICROcelLs

The schematic below shows the recommended circuit for use with any three electrode MICROceL designed to measure the
following gases:- carbon monoxide (CO), hydrogen sulphide (H,S). The output from the circuit will be Positive with respect to
common for gases that are oxidised at the Sensing electrode - CO, H_S.

The function of the Counter electrode is to complete the electrochemical circuit and its potential relative to the Sensing and
Reference electrodes is not fixed by the circuit. Under quiescent conditions, the cell is drawing a very small current and the
Counter electrode will be near its rest potential. When gas is detected, the cell currentrises and the Counter electrode polarises
with respect to the Reference electrode (negative for CO, H,S).

While the cell current stabilises very quickly, the Counter electrode polarises slowly and may continue to drift even though the
sensor signal is stable. This is normal, and in practice the maximum Counter electrode polarisation likely is 300-400mV with
respecttothe Reference electrode. In practical terms this means the circuit ground should be derived at a higher value than the
negative supply rail (e.g. 1V), so that IC1 can give a negative output.

*[tisimportant, on switch on, thatIC1 has alow offset (e.g. <100uV), or the op amp will effectively bias the sensor. The sensor
will then take a correspondingly long time to settle down from the shorted condition.

The voltage developed acrossR _ should be restrictedto lessthan 10mV under all conditions otherwise sensor performance
will suffer. KeepingR _,low also ensures a faster response time, and although in this circuit it can be reduced to zero, a small
finite value isrecommended. This ensures a better balance between circuit noise and response time, and in some cases reduces
the humidity transient.

TomaintainaMICROceL ina‘ready to work’ state when aninstrumentis switched off, the Reference and Sensing electrodes
must be shorted together. Thisis done by shorting the Reference to the circuitcommon with an FET, as shown, orusing aganged
on/off switch. While shorted it is important to avoid exposure to active gases or solvent vapours.

MICROcel Standard operating circuit

*|C1- Thisamplifier should

have either a low offset or Counter
have its offset nulled out. Reference
The PMIOP-77 and OP-90 o
and Linear Technology —
LT1078 are all suitable.

Sensing
IC2 - This amplifier acts

as a current to voltage .
converter and its offset
performance is less
critical. The OP-77 or
similar is a suitable choice

Recommended values of 10K
R are given on the

load

relevant data sheet.
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Humidity Effects

Toxic Gas MICROceLs are based on the use of aqueous electrolytes which, in conjunction with the porous diffusion barrier,
permitwater vapour to be absorbed into the electrolyte under conditions of high water vapour pressure, and allow the electrolyte
to dry out at very low ambient water vapour pressure. Provided conditions are non-condensing the performance is relatively
unaffected by humidity and will simply follow the change in concentration of the measured gas which results from changes in
humidity. However when rapid changes in humidity occur, some sensors will show a transient response which should die away
after about 20-30 seconds.

Continuous operationis possible between 15% and 90% RH over the full operating temperature range. Under these conditions
the electrolyte will reach an equilibrium with the external water vapour pressure at a volume and concentration which does not
affect the sensor's life or performance. Operation is also possible outside these conditions, but water transfer may occur and
must be considered.

High Humidity, High Temperature

Under continuous operation at high temperatures and 90-100% RH, water will slowly diffuse in. However water uptake is only
harmful when the liquid volume increase exceeds the free space available. When this happens the sensor becomes prone to
leakage - increasingly so as more and more water is taken up by the sensor. Removal from this humidity to a lower RH before
leakage occurs will gradually restore the sensor to its original condition and no permanent harm will result from this exposure.

If a sensor shows signs of being affected by condensation, drying it with a soft tissue will restore normal operation. Under no
circumstances should sensors be heated above 40°C to dry them out.

Low Humidity, High Temperature

Similarlyin continuous operation at 0-15% RH water will diffuse out. Thiswill only be a problem when the volume of electrolyte
has decreased by more than 40%, at which point the sensor gas sensitivity will be affected and the housing and seals may be
attacked by the very concentrated electrolyte. Provided a sensor is not left in this condition long enough for such a reduction
inthe electrolyte to take place, it can be restored by exposure to a RH above 15%. Atthis level wateringress will beginto restore
the water balance.

Therate atwhich water transfer occurs depends on the ambienttemperature and relative humidity atthe sensor. Italso depends
on the electrolyte and capillary hole size, both of which vary from one type of MICROceL to another. In general, low sensitivity
MICROceLs will have slower water transfer rates and can be used for longer periods of time, whereas high sensitivity MICROceLs
will have higher water transfer rates, and should be operated for shorter periods of time in these conditions.

Every effort has been made to ensure the accuracy of this document at the time of printing. In accordance with the company’s policy of continued product improvement City
Technology Limited reserves the right to make product changes without notice. No liability is accepted for any consequential losses, injury or damage resulting from the use
of this document or from any omissions or errors herein. The data is given for guidance only. It does not constitute a specification or an offer for sale. The products are always
subject to a programme of improvement and testing which may result in some changes in the characteristics quoted. As the products may be used by the client in circumstances
beyond the knowledge and control of City Technology Limited, we cannot give any warranty as to the relevance of these particulars to an application. Itis the clients’ responsibility
to carry out the necessary tests to determine the usefulness of the products and to ensure their safety of operation in a particular application.

Performance characteristics on this data sheet outline the performance of newly supplied sensors. Output signal can drift below the lower limit over

time.
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