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F. Parts and Materials
No. Parts Materials 1 -, ot 5
i i 10X = *“‘-. <] [l 1:-F-,.
1 Sensing element Tin dioxide (Sn05) = e I
c tud .. ™= L
2 Substrate Alumina (Al,04) = RS- - i
e M
3 Lead wire Gold alloy (Au-Pd-Ma) - o
, , ce —— air level M
4 Heater Ruthenium oxide (RuO,) 0.1 H,S
5 Electrode Gold (Au) —| —&— hydrogen
6 (1) | Plastic housing Polyamide resin —| —O— @mmonia
—| —— ethanal
7(@) | Plastic base Polyamide resin — —o— CO
8 (2) | Stainless steel mesh SUS 316 (100 mesh) 0.0 T T l
9 (@ | Heaterfelectrode pins | Iron-nickel alloy 0.1 1 10 100
Gas concentration (ppm)
I C. Sensitivity characteristics
/—1\ Model SP3-AQ2-01
Ry ; \% /' Rs Symbol Para::nete Specification Conditions etc.
G R
VY, 2
cfu Rs sensor 10kQ to 40 kO in air
S resistance
Rs at hydrogen 10 ppm
. 8 semsitivity | (5 ¢ 5 at hy gen 10pp
= RL slope Rs in air
Temp: 20°C £ 2°C Ve: 50V:1%
8 : O éta ng.a.rd T?St Humidity:65% = 5% Vi 50V+1%
onditions: (in clean air) R, : 10 kQ+5%
Vi« Circuit Voltage VrL: Voltage across load Pre-heating time: mare than 48 hours
Wy, : Heater Voltage resistance
Ry :Load Resistance Rg = (Vg x Ry) IV - Ry . .
Ry : Heater Resistance Polarity of circuit voltage is WWW/”S/SteC, net

important in the DC operation
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FEATURES

* High sensitivity to CHy, Natural gas.
* Small sensitivity to alcohol. smoke.
* Fast response . * Stable and long life * Simple drive circuit

Parts Matenals

1 Gas sensing Sn0; H

layer \
2 | Electrode An ve g &4 or B
3 | Electrode line Pt ;E g; i :| |: /
4 | Heater coil Ni-Cr alloy +0.1y Yout
] Tubular ceramic AlLO4 1+
6 | Anti-explosion Stainless steel gauze H RL

network (SUS316 100-mesh)
7 | Clamp ring Copper plating N1 .
8 | Resin _base Bakelite i c
9 | Tube Pin Copper plating Ni
SRR Fig.2
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MQ-4
10
Fig.3 is shows the typical
sensitivity characteristics of
% o e — ] the MQ-4 for several gases.
] B —— 1 i their: Temp: 20°C.
— | —— Humidity: 65%-
‘x T 1] O, concentration 21%
L % RL=20k ©
) .\ *\- Ro: sensor resistance at 1000ppm of
o T~ T CH, 1n the clean air.
2 ! ‘\ | Rs:sensor resistance at various
LPG T~ T concentrations of gases.
—m— CH4 T~
1“-“""‘--.
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Fig 2 sensitivity characteristics of the MQ-4
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13 14 15 16 17 18
2
He
40028
Helium
5 G T 2 ] 10
B C N o) F Ne
10.81 12.011 14.007 15999 18.998 20.120
Boron Carbon Nitrogen Oxygen Flugrine MNeon
13 14 15 16 17 18
Al Si P S Cl Ar
28982 28.085 30.974 32.08 35.45 35,948
Aluminium Silicon Phosphorus Sulfur Chigrine Argon
£ 3z 33 34 35 36
Ga Ge As Se Br Kr
69.723 T2.630 T74.822 T78.971 79.904 83.798
Gallium Germanium Arzenic Selenium Bromine Krypton
49 a0 51 2 h3 hd
In Sn Sb Te | Xe
114.82 118.71 121.76 127 .60 126.90 131.29
Indium Tin Antimony Tellurium lodine Xenon
a1 az a3 a4 85 a6
T Pb Bi Poe Ate Rne
204 38 207.2 208.93 [208.98] [209.99) [222.02]
Thallium Lead Bizmuth Polonium Axstatine Radon
113 114 115 116 ¥ 118
Nhe Fle Mce Lve Tse Oge
[286.18] [289.18] [289.19] [283.20] [283.21] [254.21]
Mihcnium Flerowium | Mo=cowvium | Livermorium | Tennesgine | Oganesson
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*Lanthanoids

**Actinoids
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FIGURE 4.1

(a) Simple energy band diagram showing conduction band, valence band, and Fermilevel. (b) Band
bending due to adsorption of oxygen species on the sensor surface altering its properties.

If we assume thermal emission as the dominant charge-transport mechanism,
in this case, the conductivity G over such barriers depends on the energy
barrier and Is generally given as: (5 _ ,~9Vs/kT

Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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EN .,
o=C exp( T )pgz”
where

o is the conductivity

C is proportionality constant

E, is the activation energy for the bulk conduction
Po, is the oxygen partial pressure [24]

The constant /m, the oxygen sensitivity, depends on the defects involved in
the conduction mechanism. When the defects are represented by doubly

lonized oxygen vacancies, m = -6, but if the defects are represented by
metal vacancies, different values of /m are found.

Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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In a mixture of gases, each gas has a partial pressure which is the hypothetical
pressure of that gas if it alone occupied the entire volume of the original mixture at
the same temperature.

Ve Pz N

Viot B Piot Mot
» V, is the partial volume of any individual gas component (X)
o Viotis the total volume of the gas mixture
* pyis the partial pressure of gas X
* Pigt Is the total pressure of the gas mixture
» n, is the amount of substance of gas (X)
* Nt IS the total amount of substance in gas mixture

Ex: Since inspired air is 21% oxygen and atmospheric pressure is 760 mmHg (at
sea level), the partial pressure of oxygen is 0.21 x 760 mmHg = 160 mmHg.

Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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Sensitivity, S, is defined as the ratio of change of resistance in test gas AR = R.— R, to
the value of resistance in air R.where R, is the sensor resistance in the presence of

the test gas:

AR . Rr? - Rg‘

R, R,

Sensitivity is also defined by the formula S= (R — Rus)/ Rs, Where Rsis the resistance of
the sensor before passing gas and R.is after passing gas and reaching the saturation
value. Others have defined this by S = RJ/R,, where R.and R, express the resistance
of the sensor in air and in detecting gas.

S =

Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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High performance gas sensors using p-type metal oxide semiconductors
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(doping aliovalent cations)

Response T, Selectivity T

- '
P-type oxide semiconductors

Longitudinal oxide p-n junction

Response T, Selectivity T

1|

Marphology control

Response T

Yy

Loading p-additivesto
n-type oxide semiconductors

Humidity dependence
Recovery speed T

L y L _J
r N > - <
Chemical sensitization h Nanocom pzmte;s
(loading noble metals) etween p-and n- ype
| Response T, Selectivity T | 1 | Response T, Selectivity T )
"' 7 <7 $

p-nanoclusters on 1-D
n-type oxide semiconductors

Response T, Selectivity T

Sensors and Actuators B: Chemical 2014.

Fig. 2. High-performance gas sensors fabricated using p-type metal oxide semiconductors.

H. Kim, J.H. Lee. "Highly sensitive and selective gas sensors using p-type oxide semiconductors: overview." 1o
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Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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Gas Product
(b) . \ /
==

Current flow

Current flow |

2.3 Diagram showing the difference between (a) a porous and (b) a
compact layer.

In the case of a compact layer, gas interaction only takes place on the geometric
surface; the flow of current is only influenced by the thickness of the depletion layer
on the surface of the layer. For porous layers, the gas can penetrate into the entire
layer and, in that way, each individual grain is affected by the surrounding gaseous
composition. The current is consequently determined by the barriers between all

the grains.

Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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SEM image of hexagonal ZnO rods FE-SEM |mages of grown ZnO nanowall networks.

Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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(a) Crystallite size of SnO, (nm)

FIGURE 7.46
(a) The effect of crystallite size on resistance of nanoporous SnO, elements upon exposure to

800 ppm of H, and CO in air at an operating temperature of 300°C.

Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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Response of SnO, sensor to 100 ppm of CH, gaseous species in dry air as a function of sensor
operating temperature. Sensor sensitivity with temperature changes from positive value to
negative value. Best operating range is indicated here for sensor operation. (Experimental data
points are from Prog. Solid State Chem., 33, Niederberger, M., Garnweitner, G., Pinna, N., and
Neri, G., Non-aqueous routes to crystalline metal oxide nanoparticles: Formation mechanisms
and applications, 59-70, Copyright 2005, with permission from Elsevier.)

Eranna, G. Metal oxide nanostructures as gas sensing devices. CRC Press, 2016.
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CaHOH-detection characteristics of pure and 0.3 at® Fe-doped

H. Kim, J.H. Lee. "Highly sensitive and selective gas sensors using p-type oxide semiconductors: overview."1g

Sensors and Actuators B: Chemical 2014.



