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Comprehensive	Guide	to	Different	Types	of	Gas	Sensors	and	Their	Applications	This	guide	is	designed	for	those	new	to	electronics,	explaining	the	differences	between	popular	MQ	series	gas	sensors	like	MQ-2,	MQ-3,	MQ-4,	and	MQ-135.	It	covers	their	unique	features	and	applications,	making	it	easier	to	choose	the	right	sensor	for	your	needs.	MQ-2:
Flammable	Gas	and	Smoke	Sensor	The	MQ-2	is	widely	used	for	detecting	combustible	gases	and	smoke.	As	a	Metal	Oxide	Semiconductor	(MOS)	sensor,	it	relies	on	changes	in	resistance	upon	exposure	to	gases.	This	sensor	can	detect	LPG,	alcohol,	propane,	hydrogen,	CO,	methane,	and	more.	Key	Features:	Operates	on	5V	DC	with	a	detection	range
of	200	ppm	to	10,000	ppm.	It	has	analog	(measuring	gas	concentration)	and	digital	outputs	for	simple	gas	detection.	Applications	include	fire	alarms,	gas	leak	detectors,	and	smoke	detection	systems.	The	MQ-2	features	a	ceramic	tube	coated	with	tin	dioxide,	protected	by	stainless	steel	mesh	to	prevent	explosions	and	filter	out	particles.	MQ-3:	Alcohol
Detection	Sensor	The	MQ-3	is	highly	sensitive	to	alcohol	and	can	also	detect	benzene,	CH4,	hexane,	LPG,	and	CO.	It’s	ideal	for	applications	requiring	precise	alcohol	detection.	Key	Features:	Operates	on	5V	DC	with	a	power	consumption	of	approximately	800mW.	Detection	range	is	25	ppm	to	500	ppm.	Applications	include	breathalyzers,	alcohol
detection	systems,	and	fuel	monitoring.	The	MQ-3	sensor	employs	a	tin	dioxide	layer	on	a	ceramic	base	to	measure	alcohol	concentrations.	MQ-4:	Methane	Gas	Sensor	Specialized	for	methane	and	natural	gas	detection,	the	MQ-4	sensor	is	a	reliable	choice	for	monitoring	combustible	gases.	Key	Features:	Operates	on	5V	DC	with	a	power	consumption
of	750mW.	Detection	range	is	300	ppm	to	10,000	ppm.	Applications	include	gas	leak	detectors,	CNG	monitoring,	and	industrial	safety	systems.	The	sensor	features	a	ceramic	tube	coated	with	SnO2,	supported	by	a	heater	to	maintain	optimal	operating	conditions.	MQ-135:	Air	Quality	and	Hazardous	Gas	Sensor	The	MQ-135	sensor	is	designed	for
monitoring	air	quality	and	detecting	hazardous	gases.	Key	Features:	Operates	on	5V	DC.	It	detects	CO2,	alcohol,	benzene,	smoke,	NH3,	NOx,	butane,	and	propane.	Applications	include	air	quality	monitoring,	pollution	control	systems,	and	gas	leak	detectors.	The	sensing	layer	uses	SnO2,	offering	higher	resistance	in	clean	air.	Resistance	decreases	as
the	concentration	of	hazardous	gases	increases,	producing	an	analog	output	proportional	to	the	gas	concentration.	MQ-7:	Carbon	The	MQ-7	sensor	is	specifically	designed	to	detect	carbon	monoxide	levels	in	the	environment,	with	key	features	including	a	low	power	consumption	of	less	than	150mA	and	a	detection	range	of	10	ppm	to	500	ppm.	It
operates	on	5V	DC	power	and	has	adjustable	sensitivity	using	a	built-in	potentiometer,	making	it	compatible	with	Arduino	and	other	microcontrollers.	The	article	delves	into	the	realm	of	gas	monitoring	applications,	exploring	various	types	of	gas	sensors,	their	functioning,	and	distinct	characteristics.	It	commences	by	describing	what	constitutes	a	gas
sensor	-	essentially	a	device	that	identifies	and	quantifies	gas	concentrations	in	a	given	area.	Gas	sensors	are	crucial	for	detecting	toxic	gases	and	mitigating	potential	hazards	associated	with	them.	The	article	highlights	the	diversity	of	gas	sensors,	each	tailored	to	detect	specific	types	of	gases,	such	as	oxygen,	carbon	dioxide,	nitrogen,	and	methane.
CO2	sensors	find	application	in	environmental	monitoring,	industrial	safety,	and	security	measures.	A	key	feature	of	these	devices	is	their	ability	to	monitor	concentrations	of	multiple	gases	in	the	atmosphere.	Functioning	on	the	principle	of	altering	material	resistance,	which	is	reflected	through	output	voltage,	gas	sensors	are	versatile	in	their
application.	However,	it's	noted	that	a	single	sensor	cannot	detect	all	types	of	gases;	the	type	of	gas	detected	depends	on	the	sensing	element	within	the	device.	The	article	further	explains	how	these	sensors	can	be	configured	for	specific	gas	concentrations	or	threshold	values.	This	configuration	enables	digital	pins	to	swing	high	when	gas
concentration	surpasses	predetermined	levels,	facilitating	determination	through	analog	pins.	In	terms	of	anatomy,	gas	sensors	consist	of	a	heater	coil,	electrode,	gas	sensing	layer,	tubular	ceramic,	and	electrode	line.	These	components	are	typically	comprised	of	vapor-sensitive	polymers,	semiconducting	metal	oxides,	or	other	absorbent	materials.
The	article	categorizes	gas	sensors	into	six	types	based	on	the	sensing	element:	Optical,	Calorimetric,	Acoustic-based,	Electrochemical,	Metal	Oxide-based,	and	Capacitance-based.	The	article	also	touches	upon	how	gas	detectors	work,	specifically	highlighting	the	scaling	system	employed	by	gas	sensors	to	detect	harmful	gases.	Once	a	dangerous	gas
exceeds	its	base	level	and	reaches	the	threshold	limit	of	the	scale,	the	alarm	triggers,	alerting	users	to	potential	dangers.	Furthermore,	it	discusses	specific	types	of	sensors	that	can	identify	combustible	gases,	such	as	catalytic	sensors	and	infrared	sensors.	Electrochemical	sensors	are	predominantly	used	in	detecting	toxic	gases.	The	article	concludes
by	highlighting	the	importance	and	diversity	of	gas	sensors	in	various	applications.	The	sensor	uses	electrical	signals	on	the	electrode	to	locate	noxious	gases.	These	sensors	are	very	sensitive	and	specifically	designed	for	detecting	carbon	monoxide.	The	device	also	comes	with	a	digital	display	that	shows	the	results.	Another	method	of	identifying
harmful	gases	is	through	metal	oxide	semiconductors.	This	involves	using	a	reactive	film	that	responds	to	toxic	gases	when	their	concentration	exceeds	a	certain	level.	Additionally,	these	sensors	can	work	well	in	low	humidity	conditions.	A	gas	sensor's	anatomy	includes	several	key	components:	-	A	sensing	layer	is	the	primary	component	and	detects
changes	in	gas	concentration.	-	A	heater	coil	improves	the	efficiency	of	the	sensing	element	by	burning	it	in.	-	An	electrode	line	helps	to	carry	the	small	currents	generated	when	a	gas	is	detected,	with	platinum	wires	facilitating	efficient	electron	movement.	-	A	central	hub	connects	the	output	of	the	sensing	layer	to	the	electrode	line.	Key	features	of
metal	oxide-based	gas	sensors	include:	-	Resistance	to	poisoning	and	fail-safe	operation	-	Continuous	sampling	of	diffused	gases	via	a	mesh	-	Compatibility	with	various	functions,	including	fixed	and	portable	units	-	Ability	to	detect	a	wide	range	of	gases	or	vapors	-	Low	power	consumption	and	quick	response	time	These	devices	work	effectively	in
varying	ambient	temperatures,	pressures,	and	humidity	levels.	They	are	commonly	used	in	industrial	settings	to	identify	gas	leaks	and	detect	carbon	monoxide.	1.	IR	sensors	use	NDIR	principle	for	CO2,	hydrocarbons,	acetylene	detection	Dual	detector	channels	with	temperature	sensor	compensate	background	noise.	Flameproof	stainless	steel	casing
and	sinter	for	safe	testing.	Detected	gases:	Acetylene,	Hydrocarbons,	Carbon	monoxide	2.	VQ600	Series	detects	combustible	gasses	and	thermal	conductivity	0	to	100%	LEL	and	volume	in	thermal	conductivity	mode.	Stainless	steel	cage	with	integrated	sinter	for	secure	entry.	Detected	gases:	Flammable	substances,	Thin	gasses	(hydrogen,	helium)	3.
MEMS	pellistor	gas	sensors	detect	methane	and	other	combustibles	Low	power,	reliable,	industrial	use	suitable.	50%	power	reduction	compared	to	current	pellistor	sensors.	Top	features:	Low	power,	High	shock	resistance,	Compatible	packaging.	4.	Catalytic	pellistors	identify	flammable	gasses	with	high	thermal	conductivity	Simple	circuitry,	shock
and	poison	immune,	responsive	to	various	gases.	Top	features:	Simple	circuitry,	Responsive	to	flammable	gases,	Varied	operating	voltages.	5.	TC	sensor	elements	detect	hydrogen's	high	thermal	conductivity	The	TC-1326	MEMS	thermal	conductivity	sensor	is	a	robust	and	energy-efficient	device	that	detects	hydrogen	by	increasing	the	heat	transfer
rate	in	hydrogen-air	mixtures,	allowing	for	low-concentration	detection.	Key	features	include	impact	resistance,	low	power	consumption,	small	size,	and	shock	tolerance.	In	contrast,	infrared	gas	sensors	are	suitable	for	portable	devices	with	short-term	usage,	continuously	monitoring	CO2	and	hydrocarbon	gases,	including	vapors	in	permanent
systems.	These	sensors	meet	ATEX,	CSA,	and	UL	explosion-proof	requirements	and	feature	interoperability	with	other	electrochemical	and	catalytic	sensors.	Metal	oxide	sensors	utilize	a	patented	poly-silicon	heater	and	nano-particle	sensing	layer,	providing	high-quality	and	responsive	semiconductor	sensors	using	MEMS	technology.	They	operate	on
the	principle	that	target	gases	alter	the	resistance	of	the	detecting	layer,	with	oxidizing	gases	increasing	and	reducing	gases	decreasing	resistance.	The	advantages	of	metal	oxide	gas	sensors	include	low	energy	consumption	for	heating	and	operation,	extreme	sensitivity,	minimal	heater	current,	broad	detection	ranges,	and	high	resilience	to
vibrations	and	shocks.	Dual	gas	infrared	sensors	employ	the	NDIR	principle	to	detect	individual	or	multiple	gas	types,	calculating	concentrations	using	an	infrared	source	and	precise	filtering	on	pyroelectric	detectors.	These	sensors	are	suitable	for	safety	applications	with	constrained	sensor	sizes	and	flameproof	housings	in	hazardous	settings,
enabling	trustworthy	gas	level	monitoring	and	detecting	hydrocarbons,	carbon	dioxide,	and	hydrocarbon	mixtures.	Electrochemical	gas	sensors	create	a	chemical	reaction	between	the	gas	and	oxygen	to	detect	gases,	generating	a	small	current	proportional	to	the	gas	present.	Advantages	include	high	sensitivity,	low	power	consumption,	and
reliability.	Given	article	text	here	Note:	I've	paraphrased	the	original	text	while	maintaining	its	core	meaning	and	structure,	applying	one	of	the	three	rewriting	methods	randomly	selected	based	on	the	given	probabilities.	The	detection	of	hazardous	gases	in	various	environmental	situations	requires	specialized	sensors.	Electrochemical	gas	sensors,
including	those	with	a	range	of	20mm,	can	detect	carbon	monoxide,	hydrogen	sulfide,	and	oxides	of	nitrogen	and	sulfur.	These	devices	are	designed	to	provide	accurate	readings	in	different	conditions.	Thermal	conductivity	sensors,	such	as	catalytic	pellistors,	are	used	to	monitor	high	gas	levels	above	the	Lower	Explosive	Limit	(LEL).	However,	these
devices	measure	flammability	rather	than	gas	concentrations.	Thermal	conductive	gasses,	like	hydrogen	and	methane,	can	be	detected	by	temperature	sensitivity	(TC)	pellistors.	These	sensors	track	changes	in	thermal	conductivity,	which	is	essential	for	monitoring	coal	mining	and	natural	gas	operations.	Indoor	air	quality	sensor	systems	are	designed
to	detect	volatile	organic	compounds	(VOCs),	which	pose	health	risks	to	occupants.	These	systems	typically	monitor	temperature,	humidity,	and	CO2	levels	to	provide	accurate	readings.	The	sensor's	output	enables	automatic	ventilation	management	to	maintain	optimal	air	quality	in	environments	like	offices,	hospitals,	and	schools.	Integrated	Infra-
Red	(INIR)	sensors	utilize	advanced	technology	to	detect	gas	concentrations.	These	devices	can	be	powered	by	low-voltage	DC	sources	and	provide	both	digital	and	analog	outputs.	INIR	sensors	are	designed	to	speed	up	installation	and	improve	productivity,	making	them	suitable	for	various	applications.	When	selecting	a	gas	sensor,	it's	essential	to
consider	the	specific	requirements	of	your	project.	Not	all	sensors	are	created	equal,	and	some	may	not	be	suitable	for	measuring	certain	types	of	gases	or	concentrations.	Given	text	here	"Unlocking	the	Full	Potential	of	IoT	Gas	Sensors	for	Effective	Monitoring	With	growing	concerns	over	environmental	protection	and	safety,	IoT	gas	sensors	have
become	a	vital	tool	in	various	industries.	These	sensors	are	used	to	detect	and	measure	gas	concentrations	in	the	air,	ensuring	safety	and	controlling	pollution.	However,	with	numerous	gas	sensor	options	available,	selecting	the	right	one	can	be	challenging.	Our	comprehensive	guide	will	help	you	choose	the	most	suitable	gas	sensor	for	your	specific
needs.	Understanding	Gas	Sensors	Gas	sensors	primarily	detect	specific	gases	and	measure	their	presence	and	concentration	in	the	surrounding	air.	They	are	essential	in	safety	systems,	providing	critical	information	on	combustible,	flammable,	and	toxic	gases,	as	well	as	oxygen	consumption	and	carbon	dioxide	proportions.	Classification	of	Gas
Sensors	The	classification	of	gas	sensors	is	complex,	with	various	factors	to	consider	such	as	operating	principles,	characteristics,	measurement	techniques,	materials	used,	manufacturing	processes,	detection	objects,	and	application	areas.	Currently,	classification	according	to	working	principles	is	the	most	commonly	used	approach.	In	this	article,
we	will	delve	into	six	types	of	gas	sensors,	their	principles,	and	applications:	1.	**Semiconductor	Gas	Sensor**	Accounting	for	approximately	60%	of	gas	sensors,	semiconductor	gas	sensors	detect	gases	in	the	surrounding	environment.	They	work	by	measuring	changes	in	electrical	resistance	of	a	semiconductor	material	when	it	comes	into	contact
with	the	detected	gas.	The	sensor	consists	of	two	parts:	the	sensing	material	and	transducer.	The	sensing	material	is	made	from	metal	oxide,	such	as	tin	oxide,	tungsten	oxide,	or	zinc	oxide.	When	the	gas	enters	the	sensor,	gas	molecules	react	with	the	semiconductor	material,	causing	a	change	in	electrical	conductivity	proportional	to	the	gas
concentration.	Advantages:	Simple	structure,	low	price,	high	detection	sensitivity,	fast	response	speed.	Disadvantages:	Small	measurement	linearity	range,	large	interference	from	background	gases,	and	temperature	sensitivity."	Semiconductor	gas	sensors	detect	gases	in	homes,	air	pollutants,	and	outdoor	environments,	while	also	being	used	in
breath	analyzing	devices	for	detecting	alcohol	and	other	substances,	medical	equipment	for	monitoring	patient	gases	during	anesthesia,	and	automotive	control	systems	for	monitoring	emissions	and	optimizing	fuel	consumption.	The	DFRobot	Gravity:	Analog	Gas	Sensor	(MQ2)	is	a	generic	Arduino	gas	sensor	that	can	detect	LPG,	i-butane,	propane,
methane,	alcohol,	hydrogen,	smoke,	and	has	high	sensitivity	and	fast	response	time.	Electrochemical	gas	sensors	measure	the	current	generated	when	target	gases	are	oxidized	or	reduced	at	the	electrode,	using	this	current	to	determine	gas	concentration.	There	are	four	types	of	electrochemical	gas	sensors:	primary	battery	type,	constant	potential
electrolysis	cell	type,	concentration	cell	type,	and	limiting	current	type.	Primary	battery	type	sensors	detect	oxygen,	sulfur	dioxide,	and	other	gases	by	reducing	oxygen	at	the	cathode	and	oxidizing	lead	metal	at	the	anode.	The	electrochemical	principle-based	oxygen	sensor	is	utilized	in	automotive	applications	and	solid	electrolyte	carbon	dioxide
sensors.	Limiting	current	type	gas	sensors	function	by	relating	the	limiting	current	in	an	electrochemical	cell	to	charge	carrier	concentration.	The	principle	also	applies	to	oxygen	concentration	sensors	used	for	automobile	and	steel	melt	oxygen	detection.	The	working	principle	involves	reacting	the	substance	of	interest	on	an	electrochemical
electrode,	producing	an	electrochemical	reaction	that	converts	chemical	changes	into	electrical	signals.	A	reference	electrode	provides	a	reference	potential	to	enhance	output	accuracy	and	stability.	Signal	amplification	and	digital	conversion	enable	processing	by	computers.	Advantages	include	small	size,	low	power	consumption,	good	linearity,
repeatability,	and	resolution	up	to	0.1	ppm,	as	well	as	long	lifespan.	However,	the	sensors	are	prone	to	interference	and	sensitivity	affected	by	temperature	changes.	Applications	for	electrochemical	sensors	span	environmental	monitoring,	biosensing,	medical	diagnosis,	food	safety	testing,	and	industrial	production.	The	DFRobot	Gravity:	Factory
Calibrated	Electrochemical	CO	Sensor	detects	carbon	monoxide	and	supports	analog,	I2C,	and	UART	output	modes.	Its	characteristics	include	strong	anti-interference	ability,	high	stability,	high	sensitivity,	and	a	two-year	lifespan.	The	infrared	gas	sensor	detects	various	gases	based	on	the	absorption	of	infrared	radiation	by	molecules.	The	working
principle	involves	an	infrared	light	source,	optical	chamber,	infrared	detector,	and	signal	conditioning	circuitry.	This	type	of	sensor	utilizes	specific	frequency	infrared	spectra	absorption	by	gases.	Infrared	light	is	emitted	towards	the	receiving	end,	absorbing	when	gas	is	present.	Reduction	in	light	reception	allows	for	detection	of	gas	content.
Advanced	infrared	sensors	employ	dual-wavelength,	dual-receiver	technology	for	enhanced	accuracy.	Key	benefits	include	good	selectivity,	customization	options,	and	resistance	to	interference	from	harmful	gases.	Additionally,	these	sensors	offer	fast	response	times,	stability,	and	explosion-proof	properties.	While	they	excel	in	terms	of	signal-to-noise
ratio	and	anti-interference	capabilities,	limitations	include	a	narrow	measurement	range,	vulnerability	to	dust	and	moisture,	and	inability	to	detect	gas	flow	on-site.	High-cost	applications	include	industrial	settings	for	monitoring	hazardous	environments,	automotive	and	environmental	applications	for	measuring	exhaust	emissions	and	air	quality,	as
well	as	medical	equipment	for	patient	breath	analysis.	Recommended	Sensor:	DFRobot	Gravity	UART	Infrared	Carbon	Dioxide	Sensor	(0-50000	ppm)	This	sensor	employs	non-dispersive	infrared	(NDIR)	technology,	providing	good	selectivity	and	oxygen-free	dependency	within	a	range	of	0~50000ppm.	It	features	temperature	compensation,	UART
communication	mode,	ease	of	use,	and	compatibility	with	various	microcontrollers.	Moreover,	it	boasts	a	long	service	life	up	to	five	years.	This	high-performance	sensor	combines	mature	infrared	absorption	gas	detection	technology	with	precision	optical	circuit	design	and	sophisticated	circuitry.	Photoacoustic	gas	sensors	utilize	non-dispersive
infrared	(NDIR)	gas	sensing	techniques,	which	can	be	somewhat	bulky.	Currently,	some	models	employ	optical	and	acoustic	principles	for	detecting	gas	concentrations.	When	a	gas	absorbs	energy	from	infrared	light,	it	generates	a	small	temperature	change,	producing	a	sound	wave	signal	inside	the	sensor.	The	intensity	of	this	signal	is	measured	to
detect	gas	concentration.	A	narrow	band	filter	delivers	energy	to	the	gas,	which	rapidly	heats	up	and	cools	down,	causing	pressure	changes	and	vibrations	that	generate	acoustic	signals.	A	MEMS	microphone	can	calculate	the	gas	concentration.	The	advantages	of	photoacoustic	sensors	include	high	sensitivity	for	low	concentrations,	specificity	in
detecting	particular	gases,	non-intrusive	detection	without	contact,	resistance	to	harmful	gases,	long-term	stability,	and	fast	response	times.	However,	they	may	be	sensitive	to	environmental	noise,	expensive,	and	require	frequent	calibration.	These	sensors	are	used	in	various	industries	such	as	environmental	monitoring,	industrial	safety,	and	medical
diagnosis	due	to	their	high	sensitivity,	selectivity,	and	low	power	consumption.	At	an	unbeatable	price	and	compact	size,	this	sensor	offers	on-chip	signal	compensation	via	its	built-in	temperature	and	humidity	sensor,	with	additional	data	outputs	available.	The	SCD41	sensor	tracks	CO2	molecule	absorption	by	measuring	infrared	light	absorption
patterns,	leading	to	a	pressure	wave	in	the	measurement	chamber.	This	pressure	wave's	amplitude	increases	with	higher	CO2	concentrations,	allowing	for	accurate	concentration	calculations	through	microphone	measurements.	The	DFRobot	Gravity:	MEMS	Gas	Sensor	is	a	recommended	tool	for	detecting	various	gases	such	as	CO,	alcohol,	NO2,	and
NH3.	This	sensor	can	measure	different	gas	concentrations	using	formulas	provided	in	the	code,	making	it	easier	to	use	and	test.	It's	compatible	with	popular	controllers	like	Arduino,	ESP32,	Raspberry	Pi,	and	others	due	to	its	I2C	output	and	wide	voltage	input	range	of	3.3~5.5V.	When	choosing	a	gas	sensor,	consider	the	type	of	gas	you're	detecting,
the	sensitivity	required,	and	the	environment	it	will	be	used	in.	Other	important	factors	include	response	time,	accuracy,	reliability,	installation	simplicity,	and	maintenance	needs.	Understanding	your	specific	application	will	help	you	pick	the	best	gas	sensor	for	your	needs.
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