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Chapter 1

General Introduction and Literature Survey

1.1 History of Semiconducting Oxide Gas Sensors

There is a strong interest in the development of wide band gap semiconductor gas sensor
for application including detection of fuel leak in spacecraft, automobile and aircraft,
firedetector, exhaust diagnosis and emission from industrial process, etc. In 1962, it was
proposed that the concept of gas monitoring using ZnO in the form of thin films. N.Taguchi put
forth his conceptual idea that the AlO; also acts as gas sensor. Taguchi gas monitor was
fabricated from partially sintered Al,O3 by device whose resistance in air is very high and falls
down when exposed to reducing gases and combustible gases like H, Chy,etc.

Along with the studies and development of semiconducting gas sensors, some problems
appears such as poor gas selectivity, inability to detect the trace amount of gas and reduction of
the sensor performance by surface contamination still persists. Thus, there is a need for growing

the development in gas sensors.

1.2 Introduction

Global warming is the product of tremendous environmental pollution. To increase the
efficiency and capability of instruments in the measurement and detection technology, to reduce
the cost, shape, and weight, it is necessary to introduce the sensor units at the input ports of
domestic, industrial and scientific instruments.

Sensor is the heart of an instrument used for measuring any physical quantity. It is a
device by which physical quantities are sensed in the form of electrical or optical signal. The
output is converted into a measurable quantity by a system with the sensor which is termed as

detector, while transducer converts the physical parameters into electrical signal.

Unwanted gases released by industries and vehicles, smoke and particulate matters and

major pollutants in air. The gases which beyond the certain limit caused undesirable and

disastrous effect on human and in environment are called as air pollutants.
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Types of sensors:

5, Q n\ are Iﬂ
\ DD li

basis of external power requirement

On the basis of appli
ofa i .
pplications, sensors are classified as physical and chemical sensors.

Sensors
Chemical Sensors Physical Sensors
Gas sensor Optical Sensor
Humidity sensor Mechanical Sensor

Magnetic Sensor

Temperature Sensor

Electrical Sensor

Pressure Sensor

Displacemenf Sensor

Position Sensor

1.3 Important measures of gas sensor:

sirable to measure the sensing performance of any sensor

The characteristics that are de

are as follows:

a) Gas response

b) Selectivity

c) Response time

d) Recovery time

e) Sensitivity —

f) Longer life

¢) Repeatability and stability
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n) Gas response:

Gas respo
sponse (S) is d
efined .
as the ratio of change in conductance of the sensor on

Gg— Gy

o

Ga

Where, Ga and G
? g are condu
ctance of sensor in air and in target £as medium.The percentage

response 1S given by the relation as:

Gg — Gy
X 100%
Ga

%S ~

b) Selectivity:

Selectivity is defined as the ability ain gas in the presence of

of a sensor 10 respond to cert

other gases.

c) Response time:
nductance on

The time taken for the sens of the maximum increase in €O

or to attain 90%

exposure of the target 8as is known as response time.

d) Recovery time:
get back 90% of the maximum conductance when the

The time taken by the sensor t0

off is known a5 recovery time.

flow of gas is switched

e) Sensitivity:
The sensitivity of

change in the parameter being
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f) Longer life:
It is the total lifetime of the sensors s measured by the repeatability of the measurement

that within a specific threshold set by the application

g) Repeatability and Stability:

The ability of the sensor to produce the stable response upon the number of successive

exposures of target gas.

1.4 Need of Gas sensors:

Fig. 1: Industrial Pollution
Man, with rapidly growing and advancing technology, grabbing and robbing the

beautiful nature speedily and thoughtlessly. The toxic and hazardous gases, the major pollutants,

are being released in the environment. The gases produced in large scale extent are stored in the

tanks. The leakage of storage tanks caused the cruelest events all over the world.

Sensors are essentially for controlling and measuring systems such as automation,

industrial and scientific instruments. The measurements technology necessary for the monitoring
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1.5 Literature Review:

Material Technique Gas | Year ' Reference
A ., | e
Sputtering NO, | 2008
; i I
- | Bielectrolyie 50, 2005 |
2
AlZO; -
Al doped Thin film Freshness of 1993 3
Zn0O ‘see food
Al doped Thin film - 1993 4
ZnQO
AlLOs Sol-gel method Humidity 1992 5
1.6 Objectives:

1) To synthesis the easily available material at any cost.

2) Low cost technology should be used in research work.

3) To fabricate the thick films by simple and low cost
highly effective, longer life sensors.

screen printing technique.

4) To prepare low cost, highly selective,
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Chapter 2:
Material Synthesis and Thick Film Fabrication

———

2.1 Synthesis of Nanomaterials:

icrowd
Tec
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we have synthesi
esize zi
m oxi
de by ultrasonic o assisted centrifuge

ique- The zirconiu . i i
echnd m chloride was g; ation microwav
iss T

olved in distilled water so that its concentration

1 molar soluti
become 10n. Then eth
ylene .
glycol is added to this solution (to inorease (he rate of

). Now, NaOH solution i
10n is add
ed drop wi
P Wis : . . \
¢ to this solution so that its pH becomes 1N the

reaction
d waler. Then

H
range from 8.2t0 10 P .Then ppt
s .
the pPLIS allowed for ultrasoni;t- tarts to prepare, Ppt, is washed out with distill
1on i
in bath type ultrasonication for 30 min then followed by

icrowave irradiation for continu
ous O
N / OFF cycle of duration 30 sec. After that the material

) ; t 700 rpm. This m
” centrifuge @ 0 rpm. This material is then collected i ibl
in crucible.

22 Calcination:

The collectedmaterial calci
alcined 1
in furnace at 500% for 3 hours. Then chloride is

d fro i
evaporate from material. Thus we got the dry powder of strontium oxide

2.3 Thick film fabrication by screen printing

Fig. 4: Screen printing setup

ical sensor has opened up to

1m technology in the production of chem
ch properties of thick film
oduce Nano size sensor.

so the probability of

The use of thick fi
t efficiency manner Su

jon further ability to pr

me will be required al

g sensors in a cos
chemical applicat

pute sample volu

possibility of manufacturin
¢ highly desirable for
antage becaus® mi

ent for the sensor ¢

. sensors ar
‘ This is an adv
interface instrum an be required.
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conditions such as high temper.
ature or ¢
‘g Orrosive envi
Screen pl‘mtlng methodology " environment. Thi .
nd thi Thick film technology involves
hick film technology.Screen printing method is 2 simple

Jod that allows the producti
production of low cost and robust oxid
oxides. Thick film se
ves printing the

nsor with good

metl
ucibility provided th
at the ;
starting material are well controlled. It invol

reprod
articles of basic

pic paste of the semico i
nducting material contains of finely divided p

thixotro
d it to penetrate

rial and additive
s along paste undergoes thinning which allowe

sensor mate
een mesh, which
defines the desired pattern on the substrate.

Thickness from

hrough the scr
is called thick

cange from 25 to 50 micro s
8 meter. Thus printing such films using screen printing

film technology-
S

Screen opening
1
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Fig. 6: Printed sensor patterns

The use of thick film technology in the production of chemical Sensors has opened up.
Such properties of thick

The possibility of manufacturing Sensors in a cost effectively manner.
m technology has

film sensor are highly desirable for chemical application furthermore, thick fil
the ability to produce Nano size sensor. This is an advantage because minute sample v
rface instrument for the sensor can be realized.

d ceramic compositions very stable in severe

ment. Deposition of the layer is most

olume will

be required also the probability of inte
This film technology based on glass an

condition. Such as high temperature or corrosive environ
monly carry out by using screen printing for high volume and low cost production. Thick

Im technology.
n of low cost and

com
film techno

Screen prin
roust oxide. Thick film sens
well constructed. It involved printin
contains finely divided particles of basic sensors.
strate usually made up of ceramic, still, glass, etc. The's
n mesh by the squeegee blade. The paste undergoes

h the screen. Mesh which define the desired patter
from 25-50 micrometer. Thus

logy involved screen printing methodology and thick fi
ting method is a simple method that allows the productio
ors with good reproducibility provided that the starting
g. The thixotropic paste if the semiconducting mate
Material and additives along with binders the

ensors material when forced through

material are

rial

sub
thinning which allows it to

the scree
n on the substrate

penetrate throug
“From using this technology have a thickness range
g is called thick film technology.”

ensile, squeegee, substrate, €tc.

thickness.
printing such films using screen printin

This setup contains screen base frame, t
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2.4 DETAILS OF GAS SENSING SYSTEM:

Sensor element, heating unit, etc. d.c power supply, 8

glass dome and steel base
e utilized for assemb

al. Thermocouple is

as injected unit, temperature

plate are the major

measuring unit, current meter (Picoammeter)
le static

of stati i
atic gas sensing system. The scrappedmaterials ar

the base plate Cr-
e the static system is

components
nsing system. There are electrical fields through on

dicator gas concentration insid
t constantly and curre

gas s€
mounted to measure the temp. The in
ge. Voltage is applied to the sensor elemen

nt can be

achieved by gas syrin
measured by a current

v

Fig. 7: Photograp

h of Static Gas Sensing System

2.4.1 GAS INJECTION AND CALLIBRATION OF SENSOR FOR DIFFERENT GAS

CONCENTRATION:

The gas for which the respon
gas inlet from pp

se of sensor is to be studies is injected into the system inside

m. Level in air ambient by using medical

the glass dome through the

practitioner syringe and calibrated in ml.
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The volume of tl
1 glass v is iter, T
glass dome is 15 liter, The gos concentration i ppm can be

dctcrmincd as:

Injected volume of gas (ml) 6
X 10

Volume of the gas (ppm) =
Volume of glass dome (ml)

following table

The gas calibration chart based on the above equation is given in the
10.5 12.0 13.5 15

1.5 |35 4.5 0.0 7.5 9.0

Gas in

ml

Gas 100|200 [300 [400 | 500 500|700 |800 | 900 1000
Conc.

In ppm

e

Thus 1.5 ml gas is to be injected into dome (o obtain 100 ppm gas concentration

2.4 FIRING OF THICK FILM:

¢ thick films, they are y muffle furnace for 2 hrs. Now the

After printing th fired at 500° it

sensor element is ready to sense the gas.
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Chapter 3:

Aluminium Oxide based Petrol Vapor Sensor

- _———--————-—-—

3.1 Abstract:

Nano crystalline metal oxides viz. SrO3 and ALO3
e technique in

ted by screen printing techniq

ir composite were synthesized by

the form of dry powder.
ue. Single

the

disc type ultrasonicated microwave assisted centrifug

Thick films are synthesized nanomaterials were fabrica

formation of material powder was confirm by XRD.
e crystalline size Was in the rang
H,S, acetong, petrol vapour ,

sardous polluting and

phase
e of 20mm. Gas

TEM studies analyzed that the averag
Im was investigated for LPG, H,

nd to low concentration of other ha
n to hig

sensing performance of thick fi

etc. An exceptional sensitivity was fou
0 Cross sensi
ble gases. The efforts have b

tivity was observed eve h concentration of

een made to developed low

erating temperature of 150°C. N

op
flamma

other hazardous polluting and in

e effects 0 parameter are studied and

f microstructuré and other

cost petrol vapor sensors. Th

discussed.

3.2 Introduction of materials:

Atomic number: 13
Atomic Symbol: Al
Atomic weight: 26.98154

Electronic configuration: 2-8-3

f Aluminum:

3.3 Properties 0
a silvery-white metal.

1. Pure Aluminum is
y desirable characteristic.

3. ltislight nonmagnetic and no sparkingQ
4. Malleability and sixth scale in duct ability.

2. It possesses man
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3.4 Uses of Aluminum:
[]1tis extensively used for kitchen utensils.

2] outside building decoration and in thousand application where a

constructed material is needed.

strong light casily

3] Their alloys are of vital importance in the constructed of modern aircraft and rocket.

4] They aré used to coat telescope mirrors and to make decorative paper, pac

3.5 Petrol Vapor Sensing Results:

Fig. 8: Variation of pe

It is observed from Fig. 8 that, the petrol vapor response of the m
operating temperature, reaches maximum at 100°C, and then falls down.

3.6 CONCLUSION:

I, AIO; is sensitive to 30ppm petrol vapor at 150°C.

2. No cross sensitive are found for other samples for same condition,

3. Active region of the sensor as from 100 ppm to 300 ppm.

4, Al,0; Sensor is of low cost. '
5. Pure A is less sensitive to petrol vapour at low temperature (viz. 150°C)

trol vapor response with operating temperat

kages, toys-

—
Petrol Vapor Response of Al O,
8 -
2
5 6 1
2.
8
-
5 47
3
>
T 2]
°
(s W]
0 - T T T 41/_—4——-1-—‘—’_"'_—-‘—"
27 50 75 100 125 150 175 200
Operating Temperature (°0)
I ——
ure

aterial increases with
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