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Stainless	Steel:	The	BasicsWhen	comparing	duplex	stainless	steels,	understanding	the	different	grades,	their	properties,	and	selection	guidelines	is	crucial.This	stainless	steel	class	offers	a	unique	combination	of	strength	and	corrosion	resistance	that	surpasses	austenitic	and	ferritic	grades.In	this	post,	we	delve	into	an	overview	of	duplex	stainless
steels,	exploring	their	composition	and	how	they	differ	from	other	types.We'll	also	highlight	factors	influencing	grade	selection,	such	as	application	requirements,	cost	considerations,	and	availability.We'll	further	discuss	the	mechanical	properties	of	various	duplex	grades.A	key	focus	will	be	on	the	corrosion	resistance	offered	by	these	materials	in
different	environments,	including	resistance	to	stress	corrosion	cracking.Lastly,	we	provide	comprehensive	selection	guidelines	for	duplex	stainless	steels	aimed	at	assisting	engineers	and	corporate	buyers	make	informed	decisions	when	choosing	these	materials	for	specific	applications	in	different	industries.Duplex	stainless	steels	are	a	type	of
stainless	steel	that	combine	the	beneficial	properties	of	austenitic	and	ferritic	stainless	steels.The	name	"duplex"	originates	from	the	dual-phase	microstructure	of	these	materials,	comprised	of	approximately	equal	parts	austenite	and	ferrite.Duplex	stainless	steels	were	developed	to	overcome	some	limitations	of	traditional	stainless	steel	grades,	such
as	the	popular	304	and	316	types.Compared	to	these	conventional	stainless	steels,	duplex	stainless	steels	exhibit	superior	mechanical	properties—especially	regarding	strength	and	toughness.They	also	have	improved	resistance	to	stress	corrosion	cracking,	a	common	issue	with	standard	austenitic	stainless	steels	when	used	in	certain	aggressive
environments—this	means	improved	reliability	and	higher	overall	quality	compared	to	conventional	austenitic	stainless	steel	grades.The	enhanced	corrosion	resistance	of	duplex	steels	is	primarily	due	to	their	higher	chromium,	molybdenum,	and	nitrogen	content.Furthermore,	duplex	stainless	steels	offer	better	price	stability	as	they	have	lower	nickel
content	than	austenitic	grades,	making	them	less	sensitive	to	market	fluctuations	in	nickel	prices.Types	Of	Duplex	Stainless	SteelsLean	Duplex	(PREN	22-27):	Lean	duplex	stainless	steels	are	a	subset	of	duplex	stainless	steels	that	are	formulated	with	lower	amounts	of	expensive	alloying	elements,	like	nickel	and	molybdenum,	while	still	maintaining
good	corrosion	resistance	and	higher	strength	than	conventional	austenitic	stainless	steels.	This	makes	them	a	more	cost-effective	option	for	specific	applications.LD	steels	offer	as	much	as	twice	the	yield	strength	and	Brinell	hardness	scale	points	of	up	to	75	points	more	than	many	austenitic	stainless	steel	varieties,	making	them	an	obvious	choice	for
applications	requiring	higher	mechanical	strength	and	wear	resistance.Popular	lean	duplex	stainless	steel	grades	include	LDX	2101	(UNS	S32101),	2304	(UNS	S32304),	and	2003	(UNS	S32003.)	Standard	Duplex	(PREN	28-38):	Standard	duplex	stainless	steels	are	a	group	of	stainless	steels	with	a	two-phase	microstructure	of	roughly	equal
proportions	of	ferrite	and	austenite.	Grade	2205	(UNS	S32205)	is	a	popular	example	of	standard	duplex	stainless	steel	grades.Super	Duplex	(PREN	38-45):	Super	duplex	stainless	steels	are	a	subgroup	that	exhibits	even	higher	corrosion	resistance	and	mechanical	strength.	They	have	a	higher	alloy	content,	particularly	in	chromium,	molybdenum,	and
nitrogen.	Popular	super	duplex	stainless	steel	grades	include	F53	(UNS	S32750)	and	F55	(UNS	S32760.)Hyper	Duplex	(PREN	>45):	Hyper	duplex	stainless	steels	offer	maximum	resistance	and	strength	with	2707	(UNS	S32707)	showing	PRENs	for	49-50.	Other	specialized	alloys	can	reach	numbers	as	high	as	53Even	the	duplex	steel	options	with	the
lowest	PREN	numbers	offer	significant	strength	improvements,	even	in	thinner	materials,	than	austentic	grades.This	means	they	can	withstand	some	of	the	highest	cyclical	stresses	without	worry	and	offer	exceptional	product	life	when	properly	maintained.Nitrogen	plays	a	vital	role	in	the	creation	of	duplex	stainless	steel	alloys.	Four	key	areas	where
nitrogen	provides	benefits	include:Austenite	Stabilization:	Nitrogen	is	an	alloying	element	that	helps	stabilize	the	austenite	phase	in	duplex	stainless	steels.	Compared	to	ferrite	alone,	this	phase	improves	strength,	toughness,	and	corrosion	resistance,	as	noted	at	Outokumpu.Corrosion	Resistance:	Nitrogen	enhances	the	resistance	of	duplex	stainless
steels	to	various	forms	of	corrosion,	such	as	pitting	and	crevice	corrosion.	Nitrogen	promotes	the	formation	of	stainless	steel's	renowned	passive	protective	film	on	the	surface,	which	helps	resist	attack	from	corrosive	environments.Strength	and	Toughness:	Nitrogen	strengthens	the	alloy	matrix	by	solid	solution	strengthening,	which	improves	the
mechanical	properties	of	duplex	stainless	steels.	It	enhances	the	material's	yield	strength,	tensile	strength,	and	impact	toughness,	making	it	suitable	for	demanding	structural	applications.Cost-Effective	Additions:	Nitrogen	alloying	offers	a	cost-effective	alternative	to	increasing	the	alloy's	performance	compared	to	other	alloying	elements	like	nickel
or	molybdenum.	It	allows	foundries	to	create	alloys	with	desirable	properties	without	significantly	increasing	the	material	cost.Adding	nitrogen	in	duplex	stainless	steel	alloys	is	crucial	for	achieving	an	optimal	balance	of	corrosion	resistance,	strength,	and	toughness.It	makes	them	well-suited	for	various	industries	such	as	oil	and	gas,	chemical
processing,	and	marine	applications.Corrosion	resistance	is	a	fundamental	property	of	stainless	steel.Stainless	steel's	corrosion	resistance	refers	to	its	ability	to	withstand	the	detrimental	effects	of	chemical	reactions	and	degradation	when	exposed	to	various	corrosive	environments.The	corrosion	resistance	of	stainless	steel	is	primarily	due	to	the
presence	of	chromium	in	its	composition.	Chromium	forms	a	passive	oxide	layer	on	the	surface	of	the	steel,	known	as	the	chromium	oxide	(Cr2O3)	layer	or	the	passive	film.This	acts	as	a	protective	barrier	that	prevents	direct	contact	between	the	underlying	steel	and	the	corrosive	environment.For	more	information	on	this	crucial	topic,	consult	our
guide	on	understanding	stainless	steel's	corrosion-resistant	properties.We	also	offer	deeper	dives	into	common	corrosion	types,	including	crevice	corrosion,	stress	corrosion	cracking,	microbial	corrosion,	and	intergranular	corrosion.In	the	case	of	duplex	stainless	steel,	other	alloying	elements	like	molybdenum,	nickel,	and	nitrogen	further	enhance	the
corrosion	resistance	of	stainless	steel.These	elements	help	form	a	more	robust	and	stable	passive	film,	especially	in	aggressive	or	specialized	corrosive	environments.But	duplex	stainless	steel's	secret	weapon	against	pitting	and	crevice	corrosion	is	its	balanced	microstructure.		Also	known	as	a	biphasic	structure,	duplex	steels	combine	ferrite	and
austenite	phases	to	offer	the	best	of	both	with	fewer	downsides.Ferrite	is	a	body-centered	cubic	(BCC)	crystal	structure	that	provides	excellent	strength	and	resistance	to	stress	corrosion	cracking.It	is	magnetic	and	has	a	lower	nickel	content	compared	to	austenite.	Ferrite	is	more	corrosion-resistant	in	chloride-rich	environments.	The	lower	nickel
content	also	makes	it	more	ideal	for	use	in	medical	sectors,	where	nickel	allergies	can	often	cause	issues	with	medical	implants	and	equipment.Austenite	is	a	face-centered	cubic	(FCC)	crystal	structure	that	offers	superior	toughness,	ductility,	and	high-temperature	strength.It	is	non-magnetic	and	contains	a	higher	nickel	content,	contributing	to	its
excellent	corrosion	resistance	in	various	environments.The	relative	amounts	of	ferrite	and	austenite	in	duplex	stainless	steel	can	be	controlled	through	alloy	composition	and	heat	treatment,	allowing	for	customization	of	the	material's	properties	to	suit	specific	applications.The	ideal	ratio	of	ferrite	to	austenite	depends	on	desired	mechanical
properties,	corrosion	resistance	requirements,	and	service	conditions.Different	duplex	stainless	steel	grades	will	offer	different	ratios	to	provide	an	option	for	nearly	any	use	case	or	environment.Let's	look	at	some	of	the	most	popular	grades	and	see	how	they	handle	various	corrosive	situations:This	grade	is	known	for	good	general	corrosion
resistance,	offering	superior	performance	to	316L	in	most	environments.Its	high	chromium,	molybdenum,	and	nitrogen	content	resist	pitting,	crevice,	and	general	corrosion.However,	as	noted	in	AZO	Materials,	it's	unsuitable	for	applications	requiring	extended	exposure	to	temperatures	above	300°C	due	to	precipitation	of	brittle	microstructures.But,
as	pointed	out	by	Matmatch,	the	increased	availability	of	duplex	alloys	with	PREN	above	40	have	created	a	wealth	of	opportunities	for	use	in	the	industries	that	previously	relied	on	more	expensive	options—or	more	in-depth	maintenance	and	replacement	routines.	Typical	applications	include:Chemical	processing,	transport,	and	storage:	Grade	2205	is
used	in	pressure	vessels,	tanks,	piping,	and	heat	exchangers	in	the	chemical	industry.	Oil	and	gas	exploration	and	processing:	It	is	suitable	for	offshore	platforms,	pipelines,	and	equipment	exposed	to	corrosive	environments	in	the	oil	and	gas	industry.Desalination	plants:	Grade	2205	is	used	in	seawater	desalination	plants	due	to	its	resistance	to
chloride	corrosion.Marine	applications:	It	is	utilized	in	shipbuilding,	offshore	structures,	and	marine	equipment.Pulp	and	paper	industry:	Grade	2205	is	used	in	pulp	and	paper	production	equipment,	where	corrosion	resistance	is	crucial.This	super	duplex	grade	has	very	high	pitting	and	crevice	corrosion	resistance	thanks	to	its	high	molybdenum	and
chromium	content.It	offers	high	strength	but	can	also	undergo	embrittlement	if	exposed	to	high	temperatures	for	an	extended	time.Grade	2507	duplex	stainless	steel	is	frequently	used	in	extreme	environments	like	desalination	plants,	seawater	systems,	and	petrochemical	industries.Typical	applications	include:Chemical	processing	equipment:	Grade
2507	is	suitable	for	equipment	used	in	producing	and	handling	chemicals,	acids,	and	solvents.	Oil	and	gas	industry:	It	is	used	in	offshore	platforms,	subsea	equipment,	and	pipelines	due	to	its	resistance	to	corrosion	in	seawater	and	harsh	environments.Desalination	plants:	The	alloy's	corrosion	resistance	makes	it	suitable	for	use	in	desalination	plants
where	it	comes	into	contact	with	chloride-rich	seawater.Pulp	and	paper	industry:	Grade	2507	is	used	in	equipment	such	as	digesters,	bleach	washers,	and	evaporators	due	to	its	resistance	to	corrosive	chemicals	used	in	the	papermaking	process.As	a	lean	duplex	stainless	steel,	LDX	2101	offers	good	general	corrosion	resistance,	superior	to	304	but	not
as	good	as	316.It's	characterized	by	high	strength	and	good	resistance	to	stress	corrosion	cracking.It's	less	expensive	because	it	uses	less	nickel	and	molybdenum	but	can	be	harder	to	source	depending	on	market	conditions.		Common	applications	include:Chemical	processing:	LDX	2101's	corrosion	resistance	makes	it	suitable	for	equipment	and
components	used	in	chemical	processing	plants.Oil	and	gas	industry:	LDX	2101	can	be	used	in	offshore	platforms,	pipelines,	and	other	equipment	exposed	to	corrosive	environments	in	the	oil	and	gas	industry.Desalination	plants:	LDX	2101's	resistance	to	corrosion	and	chloride	stress-corrosion	cracking	makes	it	suitable	for	desalination	plants	where
seawater	is	processed.Food	processing:	LDX	2101's	corrosion	resistance	and	good	machinability	make	it	suitable	for	food	processing	and	storage	equipment.Construction:	LDX	2101	can	be	used	in	structural	applications	requiring	corrosion	resistance,	such	as	bridges	and	buildings.Another	lean	duplex,	2304	offers	corrosion	resistance	similar	to	316L
but	with	higher	strength.However,	it's	susceptible	to	pitting	corrosion	in	chloride-rich	environments.	It's	often	used	in	construction,	architecture,	and	in	the	pulp	and	paper	industry.Some	ideal	specific	applications	include:Chemical	Processing:	The	construction	of	chemical	tankers,	cargo	tanks,	and	storage	tanks	due	to	grade	2304's	corrosion
resistance	properties.Oil	and	gas	industry:	Offshore	platforms,	pipelines,	and	subsea	equipment	in	the	oil	and	gas	industry.Pulp	and	paper	industry:	Heat	exchangers,	digesters	and	bleach	towers,	recovery	boilers,	piping	systems,	and	other	equipment.Construction:	Architectural	structures	and	components,	including	facades,	beams,	columns,	trusses,
handrails,	decorative	elements,	roofing,	and	cladding.Like	2507	(UNS	S32750),	this	super	duplex	grade	offers	high	pitting	and	crevice	corrosion	resistance.	It	also	provides	good	resistance	to	sulphide	stress	corrosion	cracking.However,	like	other	super	duplex	grades,	it's	susceptible	to	embrittlement	at	high	temperatures.Typical	applications
include:Oil	and	gas	industry:	Zeron	100	is	commonly	used	in	offshore	oil	and	gas	production,	providing	reliable	corrosion	resistance	in	seawater	and	sour	gas	environments.Chemical	processing:	It	is	used	in	chemical	processing	plants	throughout	piping	systems,	heat	exchangers,	valves	and	fittings,	pressure	vessels,	and	chemical	storage
tanks.Desalination	plants:	It	can	withstand	the	corrosive	effects	of	seawater,	making	it	ideal	for	use	in	reverse	osmosis	(RO)	equipment,	filler	vessels,	sulphate	removal	units,	and	flue	gas	desulphurization	(FGD)	equipment.Petrochemical,	paper	and	pulp,	and	marine	industries:	This	grade	is	often	found	in	heat	exchangers,	pressure	vessels,	and	piping
systems.	Selecting	the	correct	grade	of	duplex	stainless	steel	is	crucial	for	optimal	performance.Factors	like	application	requirements,	environmental	conditions,	cost	considerations,	fabrication	process	compatibility,	and	maintenance	needs	play	a	role	in	choosing	the	perfect	grade.Understand	your	application's	needs.	Consider	strength,	durability,
heat	resistance,	and	formability.		Application	requirements	may	dictate	the	necessary	mechanical	properties,	such	as	strength,	toughness,	and	ductility.Factors	like	load-bearing	capacity,	impact	resistance,	and	dimensional	stability	should	be	considered	to	ensure	the	chosen	grade	can	withstand	the	expected	operational	conditions.Duplex	stainless
steels	can	also	exhibit	changes	in	mechanical	properties	at	elevated	temperatures,	as	reported	by	the	British	Stainless	Steel	Association	(BSSA).	It	is	essential	to	understand	the	maximum	operating	temperature	and	potential	thermal	cycling	to	select	a	grade	that	can	maintain	its	structural	integrity	and	performance	under	those	conditions.Consider
how	the	application	aligns	with	applicable	industry	standards,	codes,	and	regulations	relevant	to	your	project.Choosing	a	duplex	stainless	steel	grade	that	meets	the	required	standards	ensures	compliance	and	ensures	that	the	material	is	suitable	for	the	intended	application.Different	duplex	stainless	steel	grades	offer	varying	levels	of	corrosion
resistance.		The	grade	choice	should	align	with	the	specific	corrosive	environment	the	material	will	be	exposed	to,	considering	factors	such	as	temperature,	acidity,	chloride	concentration,	and	other	corrosive	agents.For	example,	an	excellent	grade	for	an	offshore	piping	process	might	differ	from	the	perfect	grade	for	a	pulp	and	paper	processing
component.As	with	all	grades	of	stainless	steel,	aligning	the	grade's	strength	to	the	environment	will	yield	the	best	service	life	and	help	improve	long-term	cost	efficiency.The	budget	and	cost	limitations	of	the	project	will	always	play	a	role	in	grade	selection.Different	grades	have	varying	costs	due	to	alloy	composition,	availability,	and	market	demand
differences.Moreso,	these	costs	can	fluctuate	based	on	global	markets,	events,	and	trends.Balancing	performance	requirements	with	cost	considerations	is	vital	to	optimize	value	and	meet	budgetary	constraints.Application	requirements	may	involve	specific	fabrication	processes	like	welding,	forming,	or	machining.When	choosing	the	ideal	grade	for
your	project,	it's	crucial	to	consider	the	weldability,	formability,	and	ease	of	fabrication	of	the	selected	duplex	stainless	steel	grade	to	ensure	it	can	be	effectively	and	efficiently	processed	to	meet	the	project's	needs.Outokumpu	breaks	down	many	of	these	considerations—and	the	science	behind	them—in	their	helpful	overview	of	duplex	stainless	steel
weldability.	SciElo	Brazil	also	highlights	studies	showing	that	through	proper	techniques,	you	can	weld	many	duplex	alloys	without	any	effective	loss	of	corrosion	resistance—but	this	is	only	possible	with	a	thorough	understanding	of	the	composition	of	the	alloy(s)	you	choose.Welding	Considerations	for	Lean	Duplex	Stainless	SteelsLean	Duplex	(LD)
stainless	steels,	such	as	LDX	2101	and	2304,	are	not	inherently	more	difficult	to	weld	than	the	300	series	austenitic	stainless	steels,	provided	welders	have	some	practice	and	follow	proper	procedures.The	key	to	successful	welding	of	LD	stainless	steels	is	managing	heat	input	and	cooling	rates	to	maintain	the	balanced	microstructure	of	ferrite	and
austenite,	which	is	crucial	for	preserving	their	mechanical	properties	and	corrosion	resistance.Trade	welders	often	perceive	duplex	stainless	steels	as	challenging	due	to	the	need	for	precise	control	over	welding	parameters.	This	perception	can	make	owners	nervous	and	resistant	to	change.	However,	with	the	right	training	and	experience,	welders
can	consistently	achieve	high-quality	welds.For	instance,	common	welding	methods	such	as	Gas	Tungsten	Arc	Welding	(GTAW),	Gas	Metal	Arc	Welding	(GMAW),	and	Shielded	Metal	Arc	Welding	(SMAW)	can	be	effectively	used	for	duplex	stainless	steels,	as	highlighted	in	this	guide	by	Andry	Soetiawan	on	LinkedIn.To	alleviate	concerns	and	ensure
successful	welding,	consider	the	following	best	practices:Heat	Input	Control:	Use	low	heat	input	to	avoid	excessive	ferrite	formation,	which	can	reduce	toughness	and	corrosion	resistance.	Aim	for	a	balanced	austenite-ferrite	ratio	in	the	weld	metal	and	heat-affected	zone	(HAZ).Preheating	and	Interpass	Temperature:	Maintain	appropriate	preheating
and	interpass	temperatures,	as	outlined	by	Ward	Vessel	&	Exchanger,	to	prevent	the	formation	of	detrimental	intermetallic	phases	like	the	sigma	phase,	which	can	compromise	the	material's	properties.Filler	Metal	Selection:	Use	slightly	over-alloyed	filler	metals	to	ensure	adequate	austenite	formation.	For	example,	as	discussed	at	FAB	Shop
Magazine	Direct,	fillers	with	higher	nickel	content	can	help	achieve	the	desired	microstructure.Post-Weld	Heat	Treatment:	Although	not	always	necessary,	post-weld	heat	treatment	can	help	restore	the	optimal	balance	of	austenite	and	ferrite,	especially	in	thicker	sections.By	following	these	guidelines	and	ensuring	that	welders	are	properly	trained,
the	perceived	difficulties	in	welding	LD	stainless	steels	can	be	mitigated,	leading	to	successful	project	outcomes.Remember	this	when	choosing	valves,	flanges,	and	other	components	to	use	alongside	your	duplex	stainless	steels	to	avoid	unwanted	complexity	during	installation.Grades	requiring	less	upkeep	save	time	and	resources	in	the	long
run.	Duplex	stainless	steels	are	known	for	their	excellent	corrosion	resistance.However,	different	grades	may	exhibit	varying	resistance	to	specific	corrosive	environments.By	understanding	the	maintenance	requirements	of	the	application,	such	as	exposure	to	chemicals,	seawater,	or	high	temperatures,	one	can	choose	a	grade	with	the	appropriate
corrosion	resistance,	ensuring	long-term	durability	and	minimizing	the	need	for	frequent	maintenance.This	same	consideration	extends	beyond	the	grade	of	duplex	you	choose,	including	surface	finish	and	cleanability,	maintenance	frequency,	the	need	for	specialized	cleaners	or	maintenance	materials,	and	the	difficulty	of	repairing	or	restoring	the
various	parts	and	components	you	plan	to	use.Considering	maintenance	needs	upfront	helps	ensure	the	material	remains	in	optimal	condition	over	its	intended	service	life	while	minimizing	the	need	for	extensive	and	costly	maintenance	interventions.Duplex	stainless	steelsare	characterized	by	a	balanced	microstructure	of	approximately	equal
amounts	of	ferrite	and	austenite,	imparting	good	mechanical	properties	and	corrosion	resistance.	Super	duplex	stainless	steels,	on	the	other	hand,	contain	higher	levels	of	chromium,	molybdenum,	and	nitrogen	which	significantly	enhance	their	pitting	and	crevice	corrosion	resistance	compared	to	regular	duplex	steels.However,	super	duplexes	can	be
more	challenging	to	work	with	due	to	their	high	alloying	element	content,	requiring	careful	attention	to	heat	treatment	and	welding	processes.PREN	(Pitting	Resistance	Equivalent	Number)measures	a	stainless	steel	grade's	relative	pitting	corrosion	resistance	in	chloride-containing	environments.It's	calculated	based	on	the	percentages	of	chromium,
molybdenum,	and	nitrogen	in	the	steel.Higher	PREN	values	typically	indicate	better	pitting	and	crevice	corrosion	resistance,	significant	for	duplex	stainless	steels	in	aggressive	environments	like	marine	and	chemical	processing	industries.To	learn	more	about	this	critical	value,	consult	our	pitting	resistance	equivalent	numbers	(PRENs)	guide.Duplex
stainless	steels	are	sensitive	to	heat	input	and	cooling	rates	during	welding,	affecting	their	balanced	ferrite	and	austenite	microstructure.Excessive	heat	can	promote	the	formation	of	detrimental	intermetallic	phases	like	the	sigma	phase,	which	reduces	corrosion	resistance	and	toughness.Carefully	controlled	welding	procedures,	including	preheating,
using	low	heat	input,	and	post-weld	heat	treatment,	are	often	needed.For	more	about	welding	duplex	stainless	and	other	grades	of	stainless	steel,	consult	our	stainless	steel	welding	considerations	guide.Yes,	duplex	stainless	steels	are	magnetic	due	to	the	presence	of	ferrite	in	their	microstructure.	This	property	can	be	used	for	material	identification
or	sorting	during	production	or	recycling.While	duplex	stainless	steels	exhibit	good	mechanical	properties	at	room	temperature,	their	performance	at	high	temperatures	is	limited.Prolonged	exposure	to	temperatures	above	300°C	can	lead	to	the	precipitation	of	harmful	phases,	reducing	the	corrosion	resistance	and	toughness	of	the	material.Other
stainless	steel	grades	or	high-temperature	alloys	are	usually	more	suitable	for	high-temperature	applications.Duplex	stainless	steels	offer	superior	corrosion	resistance	to	chlorides,	common	in	marine	environments,	compared	to	conventional	austenitic	grades	like	304	and	316.	Their	high	chromium,	molybdenum,	and	nitrogen	content	provide
excellent	resistance	to	pitting	and	crevice	corrosion,	which	are	common	issues	in	these	environments,	providing	far	greater	reliability	and	longer	service	life	for	a	marginal	cost	increase.Duplex	stainless	steels	can	be	more	cost-effective	than	equivalent	austenitic	grades.They	offer	higher	strength,	allowing	less	material	to	be	used,	and	they	have	lower
nickel	content,	making	their	cost	less	sensitive	to	nickel	price	fluctuations.However,	the	initial	material	cost	can	be	higher	due	to	the	alloying	elements	needed	for	their	superior	properties.Duplex	stainless	steels	are	generally	less	formable	than	austenitic	grades	due	to	their	higher	yield	strength	and	lower	elongation.Therefore,	more	powerful
equipment	may	be	required	for	forming	operations.	Also,	due	to	the	presence	of	the	ferritic	phase,	they	are	more	prone	to	spring	back.Duplex	stainless	steels	are	typically	more	challenging	to	machine	than	austenitic	grades	due	to	their	high	strength	and	work	hardening	rate.	Specific	machining	techniques	and	tool	materials	are	often	needed	to
ensure	satisfactory	results.Stainless	steels,	including	duplex	grades,	are	highly	recyclable,	which	is	a	significant	advantage	from	an	environmental	perspective.However,	the	production	process	can	be	energy-intensive	and	involve	mining	for	raw	materials,	which	can	have	environmental	impacts.Also,	care	must	be	taken	in	the	disposal	or	recycling	of
waste	material,	especially	from	manufacturing	processes	like	pickling	or	machining,	which	can	generate	harmful	waste.If	you	would	like	more	information,	you	can	consult	our	stainless	steel	recycling	guide.Duplex	stainless	steels	offer	exceptional	corrosion	resistance	and	high	tensile	strength,	making	them	an	ideal	choice	in	applications	that
traditional	stainless	steel	grades	cannot	handle.From	the	extremes	of	offshore	oil	and	gas	processing	to	the	heat	and	chemical	bombardment	of	pulp	and	paper	processing,	duplex	stainless	steel	benefits	service	life,	maintenance	requirements,	and	lifetime	cost.As	with	any	materials	selection	process,	it	is	vital	to	consider	any	application	requirements
and	the	unique	strengths	and	weaknesses	of	the	duplex	grade	to	ensure	the	optimal	balance	of	cost	and	performance.	If	you're	considering	duplex	steel	for	your	next	project,	the	experts	at	Unified	Alloys	are	ready	to	help!	Call	us	today	to	speak	with	one	of	our	knowledgeable	sales	analysts.	As	a	leading	provider	of	stainless	steel	and	stainless	steel
products	throughout	North	America	for	more	than	40	years,	we	can	help	you	source	the	perfect	parts,	components,	or	materials	for	projects	of	any	size.Unified	Alloys	will	not	be	responsible	for	the	accuracy	or	currency	of	any	of	the	information	contained	herein.	The	specifications	and	information	contained	in	the	brochures	are	subject	to	change
without	notice.	Unified	Alloys	expressly	disclaims	any	liability	for	loss	or	damage	caused	by	use	of	any	information	contained	in	this	publication,	including	any	special,	incidental	or	consequential	damages	arising	from	such	use.	Nothing	in	this	publication	shall	create	or	imply	any	warranty	whether	expressed	or	implied.	Stainless	steel	is	a	broad
category	of	corrosion-resistant	alloys,	while	duplex	stainless	steel	is	a	specific	subtype	within	this	family.	The	key	differences	lie	in	their	microstructure,	composition,	properties,	and	applications.	Stainless	Steel	(General):	Encompasses	various	microstructures,	including	austenitic	(e.g.,	304,	316),	ferritic	(e.g.,	430),	martensitic	(e.g.,	410),	and
precipitation-hardening	types.	Austenitic	grades	(the	most	common)	have	a	single-phase	austenitic	structure,	which	is	non-magnetic	and	highly	ductile.	Ferritic	and	martensitic	grades	have	different	microstructures	(ferrite	or	martensite),	often	with	lower	corrosion	resistance	but	higher	hardness.	Duplex	Stainless	Steel:	Features	a	dual	microstructure
of	austenite	and	ferrite	(typically	50:50),	hence	the	name	"duplex."	The	two	phases	create	a	balance	of	properties	not	found	in	single-phase	stainless	steels,	such	as	higher	strength	and	better	corrosion	resistance.	Stainless	Steel	(General):	Core	elements	include	iron,	chromium	(≥10.5%	to	form	a	passive	oxide	layer),	and	varying	amounts	of	nickel,
molybdenum,	carbon,	etc.,	depending	on	the	grade.	Austenitic	grades	(e.g.,	316)	may	contain	8–10%	nickel	and	2–3%	molybdenum	for	corrosion	resistance,	while	ferritic	grades	have	little	to	no	nickel.	Duplex	Stainless	Steel:	Contains	higher	chromium	(18–28%),	moderate	nickel	(4–8%),	molybdenum	(1–5%),	and	a	significant	amount	of	nitrogen	(0.1–
0.3%)	to	stabilize	the	austenite	phase.	The	composition	is	optimized	to	maintain	the	50:50	austenite-ferrite	balance,	which	is	critical	for	its	properties.	Stainless	Steel	(General):	Austenitic	grades	offer	good	ductility	and	formability	but	moderate	strength	(tensile	strength	~500	MPa).	Ferritic/martensitic	grades	have	higher	strength	but	lower	ductility;
martensitic	steels	can	be	hardened	via	heat	treatment.	Duplex	Stainless	Steel:	Exhibits	significantly	higher	tensile	strength	(700–1000	MPa),	often	twice	that	of	austenitic	grades,	due	to	the	ferrite	phase.	Maintains	good	ductility	(elongation	~25–35%)	and	toughness,	making	it	suitable	for	high-stress	applications	without	excessive	weight.	Stainless
Steel	(General):	Austenitic	grades	like	316	resist	general	corrosion	and	chloride	pitting	well	but	may	suffer	from	stress	corrosion	cracking	(SCC)	in	harsh	chloride	environments.	Ferritic	grades	have	lower	corrosion	resistance,	especially	in	acidic	or	chloride-rich	media.	Duplex	Stainless	Steel:	Offers	superior	resistance	to	chloride-induced	SCC,	pitting,
and	crevice	corrosion	compared	to	most	austenitic	and	ferritic	steels.	The	combination	of	chromium,	molybdenum,	and	nitrogen	in	the	duplex	structure	enhances	its	ability	to	withstand	high	chloride	concentrations	(e.g.,	seawater,	industrial	brines).	Stainless	Steel	(General):	Austenitic	grades	are	non-magnetic,	while	ferritic/martensitic	grades	are
magnetic.	Duplex	Stainless	Steel:	Slightly	magnetic	due	to	the	ferrite	phase,	though	less	so	than	pure	ferritic	steels.	Stainless	Steel	(General):	Austenitic	grades	(304,	316)	are	widely	used	in	kitchenware,	architectural	components,	and	general	corrosion-resistant	applications.	Ferritic/martensitic	grades	suit	applications	requiring	hardness	(e.g.,
knives,	turbine	blades)	but	with	lower	corrosion	needs.	Duplex	Stainless	Steel:	Ideal	for	harsh	environments	like	offshore	oil	&	gas,	desalination	plants,	and	marine	engineering,	where	high	strength	and	chloride	SCC	resistance	are	critical.	Used	in	pressure	vessels,	valves,	and	pipelines	in	chemical	processing,	especially	in	acidic	or	chloride-rich
media.	Super	duplex	grades	excel	in	ultra-corrosive	conditions	(e.g.,	deep-sea	oil	exploration).	Stainless	Steel	(General):	Austenitic	grades	like	304	are	cost-effective	for	general	use;	higher-alloyed	grades	(e.g.,	904L)	are	more	expensive	due	to	nickel	content.	Austenitic	steels	are	easy	to	weld	and	form,	while	ferritic/martensitic	grades	may	require
specialized	techniques.	Duplex	Stainless	Steel:	Costs	more	than	standard	austenitic	grades	(e.g.,	316)	but	less	than	super	austenitic	steels	(e.g.,	904L).	Requires	careful	welding	to	maintain	the	austenite-ferrite	balance	(to	avoid	brittleness	or	reduced	corrosion	resistance),	often	needing	specialized	filler	materials.	Duplex	stainless	steel	is	a	specialized
subset	of	stainless	steel,	distinguished	by	its	dual-phase	microstructure,	higher	strength,	and	superior	resistance	to	chloride-induced	corrosion.	While	general	stainless	steels	cater	to	a	wide	range	of	applications	with	varying	properties,	duplex	steels	excel	in	demanding,	high-stress,	and	corrosive	environments	where	a	balance	of	strength	and
durability	is	essential.	Duplex	stainless	steel	is	a	type	of	stainless	steel	that	contains	both	austenitic	and	ferritic	steel	phases	in	its	microstructure.	This	unique	mixture	provides	duplex	stainless	steel	with	superior	strength	and	corrosion	resistance	properties	compared	to	other	stainless	steel	grades.	The	main	difference	between	duplex	and	stainless
steel	is	their	microstructure.	Duplex	stainless	steel	contains	both	austenitic	and	ferritic	steel	phases,	while	stainless	steel	only	contains	austenitic	steel	phases.	This	difference	gives	duplex	stainless	steel	superior	strength	and	corrosion	resistance	properties.	When	compared	to	austenitic	stainless	steel,	the	key	changes	in	composition	are	that	duplex
steels	have	a	greater	chromium	concentration,	20–28	percent;	a	higher	molybdenum	content,	up	to	5	percent;	a	lower	nickel	content,	up	to	9	percent;	and	0.05–0.50	percent	nitrogen.	Duplex	stainless	steels	are	composed	of	both	austenite	and	ferrite	microstructures.	As	a	result,	they	have	substantially	higher	strength	and	are	resistant	to	stress
corrosion	cracking,	while	being	slightly	more	difficult	to	construct	and	having	a	lower	toughness.	T	hey	may	be	used	in	temperatures	ranging	from	-50	to	+250	degrees	Celsius.	Due	to	their	improved	strength	and	corrosion	resistance,	they	are	excellent	for	use	in	more	harsh	settings,	such	as	oil	and	gas,	chemical	process	industries,	and	maritime
environments.	What	is	duplex	stainless	steel	used	for?	Duplex	stainless	steels	are	a	type	of	stainless	steel	that	contain	both	austenitic	and	ferritic	microstructures	in	their	metallurgical	structure.	This	unique	microstructure	gives	duplex	stainless	steels	a	combination	of	properties	that	are	not	found	in	other	types	of	stainless	steel.	Duplex	stainless
steels	are	used	in	a	variety	of	applications,	including:	–	Chemical	process	equipment	–	Oil	and	gas	production	equipment	–	Pulp	and	paper	industry	–	Desalination	plants	–	Power	generation	–	Marine	environments	Generally,	it	is	used	in	a	variety	of	industries	and	applications,	such	as	chemical	processing,	oil	and	gas	production,	and	food	processing.
Duplex	stainless	steel	is	an	alloy	of	chromium,	nickel,	and	molybdenum,	which	gives	it	its	unique	properties.	Facebook	X	(Twitter)	LinkedIn	More	When	selecting	materials	for	construction,	manufacturing,	and	engineering	applications,	understanding	the	properties,	advantages,	and	limitations	of	different	types	of	steel	is	crucial.	Among	the	most
widely	used	types	are	stainless	steel	and	duplex	steel.	While	both	categories	serve	essential	roles	in	various	industries	and	applications,	they	possess	distinct	characteristics	that	cater	to	different	needs.	This	article	aims	to	provide	a	thorough	comparison	between	duplex	steel	and	stainless	steel,	highlighting	their	composition,	structures,	mechanical
properties,	corrosion	resistance,	applications,	and	more.Stainless	Steel	is	an	iron	alloy	with	a	minimum	of	10.5%	chromium	content.	The	presence	of	chromium	provides	a	protective	layer	of	oxide	that	helps	resist	corrosion.	Stainless	steel	can	be	categorized	into	different	grades	based	on	its	microstructure	and	alloying	elements.	Typically,	stainless
steels	are	classified	into	five	major	families:	austenitic,	ferritic,	martensitic,	duplex,	and	precipitation-hardening	stainless	steels.Corrosion	Resistance:	Excellent	resistance	due	to	the	formation	of	a	passive	film.Ductility	and	Malleability:	High	ductility	allows	for	extensive	forming	processes.Aesthetic	Appeal:	Smooth,	shiny	surface	that	is	often	used	for
decorative	purposes.Temperature	Resistance:	Maintains	strength	at	high	temperatures.Duplex	Steel	is	a	type	of	stainless	steel	that	contains	a	mix	of	austenitic	and	ferritic	phases,	typically	with	about	22-25%	chromium	and	4-7%	nickel	along	with	molybdenum.	The	unique	microstructure	gives	duplex	steel	its	distinct	properties,	making	it	a	popular
choice	for	critical	applications.	Duplex	steels	are	known	for	their	high	strength	and	excellent	resistance	to	stress	corrosion	cracking.High	Strength:	Higher	yield	and	tensile	strength	compared	to	standard	austenitic	stainless	steels.Corrosion	Resistance:	Better	resistance	to	pitting	and	stress	corrosion	cracking,	especially	in	chloride
environments.Lower	Nickel	Content:	Reduced	reliance	on	nickel,	which	can	be	more	expensive	and	influenced	by	market	fluctuations.Improved	Weldability:	weldability	is	moderate	but	can	be	improved	with	proper	techniques	and	filler	materials.Understanding	the	chemical	composition	of	materials	is	crucial	for	gauging	their	performance	and
applications.ElementStainless	Steel	(Typical	Austenitic)Duplex	Steel	(e.g.,	2205,	2507)Chromium	(Cr)18	–	20%22	–	25%Nickel	(Ni)8	–	12%4	–	7%Molybdenum	(Mo)2	–	3%3	–	4%Iron	(Fe)BalanceBalanceOther	ElementsMn,	Si,	P,	S,	CN,	WThe	microstructure	plays	a	vital	role	in	determining	the	mechanical	and	chemical	properties	of
steel.CharacteristicStainless	SteelDuplex	SteelPhase	CompositionPrimarily	austenitic	(single-phase)50%	austenite,	50%	ferrite	(two-phase)Grain	StructureFine,	uniform	grainsCoarser	grains	with	dual-phase	regionsStabilityMore	stable	at	high	temperaturesLess	stable	at	high	temperatures	due	to	ferritic	phaseToughnessGood	toughnessHigher
toughness	than	stainless	steelMechanical	properties	significantly	impact	the	material’s	behavior	under	various	stress	and	environmental	conditions.PropertyStainless	SteelDuplex	SteelYield	Strength	(MPa)200	–	300450	–	600Tensile	Strength	(MPa)500	–	800700	–	1000Elongation	(%)40%	or	higher25%	–	40%Hardness	(HV)150	–	250250	–
350Corrosion	resistance	is	a	primary	consideration	in	selecting	steel	for	various	applications,	especially	in	harsh	environments.TypeCorrosion	ResistanceSpecialty	ResistanceStainless	SteelResistant	to	general	corrosionLimited	resistance	to	pitting	(especially	in	chloride	environments)Duplex	SteelExcellent	resistance	to	pitting	and	crevice
corrosionSuperior	resistance	in	severe	environments	(e.g.,	seawater,	chemicals)Welding	is	a	common	process	in	steel	fabrication.	The	ability	to	weld	effectively	impacts	the	usability	of	the	material	in	construction	and	manufacturing.FeatureStainless	SteelDuplex	SteelGeneral	WeldabilityGood,	but	varies	by	gradeFair;	requires	care	and	specific
techniquesPreheat	RequirementTypically	nonePreheating	may	reduce	cracking	riskPost-Weld	TreatmentAnnealing	often	not	requiredRequires	post-weld	heat	treatment	to	relieve	stressSelecting	the	right	material	for	specific	applications	is	crucial	and	depends	on	mechanical	properties,	corrosion	resistance,	and	other	factors.Application	AreaStainless
SteelDuplex	SteelFood	IndustryEquipment,	cutlery,	cookwareUsed	in	some	tanks	and	vesselsChemical	ProcessingStorage	tanks,	heat	exchangersPreferred	for	aggressive	environmentsOil	and	Gas	SectorPiping,	tanks,	vesselsUsed	in	subsea	pipelines	and	platformsMarine	IndustryBoat	fittings,	hardwareComponents	for	vessels,	offshore
applicationsArchitectureDecorative	elements,	claddingStructural	applications	in	harsh	environmentsThe	costs	of	materials	can	dictate	choices	in	manufacturing	and	construction.FeatureStainless	SteelDuplex	SteelBase	Material	CostGenerally	lowerHigher	due	to	alloying	elementsFabrication	CostVaries,	generally	less	due	to	easier	handlingMay	incur
higher	costs	for	welding	and	fabricationMaintenance	CostModerate	maintenance	requiredLow	due	to	corrosion	resistanceTo	summarize	the	key	distinctions	between	duplex	steel	and	stainless	steel,	the	following	table	highlights	the	most	significant	differences	across	various	categories.FeatureStainless	SteelDuplex	SteelMicrostructurePrimarily
austeniticDual-phase	(austenite	and	ferrite)StrengthModerateHighCorrosion	ResistanceGoodExcellentWeldabilityGenerally	goodFair,	requires	careful	handlingCostGenerally	lowerHigherApplicationsWide-rangingSpecific	to	high-demand	environmentsBoth	duplex	steel	and	stainless	steel	have	their	own	unique	properties,	making	them	suitable	for
different	applications	and	environments.	Stainless	steel	is	widely	used	for	its	good	corrosion	resistance,	ductility,	and	aesthetic	appeal.	On	the	other	hand,	duplex	steel	stands	out	for	its	high	strength,	superior	corrosion	resistance,	and	suitability	for	demanding	conditions,	especially	in	marine	and	chemical	processing	applications.Understanding	the
differences	in	chemical	composition,	mechanical	properties,	weldability,	and	applications	will	help	engineers,	fabricators,	and	decision-makers	choose	the	right	material	for	their	specific	needs.	The	ultimate	choice	between	duplex	steel	and	stainless	steel	will	depend	on	the	cost	considerations	and	the	particular	demands	of	the	intended	application.In
a	world	of	diverse	applications	and	increasing	demands	for	material	performance,	being	informed	about	the	intrinsic	properties	of	different	types	of	steel	can	lead	to	better	design	choices	and	improved	outcomes	in	various	industrial	sectors.This	comprehensive	guide	provides	an	extensive	overview	of	the	differences	between	duplex	steel	and	stainless
steel,	using	tables	to	clarify	comparisons	across	multiple	dimensions.	If	you	have	any	further	questions	or	need	additional	information,	feel	free	to	ask!	Duplex	stainless	steel	combines	austenite	and	ferrite	phases	in	its	microstructure,	delivering	a	unique	balance	of	strength	and	corrosion	resistance.	This	dual-phase	design	enables	duplex	alloys	to
outperform	many	traditional	stainless	materials	in	harsh	environments.	Industries	such	as	oil	and	gas,	chemical,	and	marine	sectors	benefit	from	the	superior	efficiency,	durability,	and	cost-effectiveness	of	duplex	stainless	solutions.	In	2023,	the	duplex	stainless	market	reached	USD	3.51	billion,	with	growth	driven	by	enhanced	mechanical	properties
and	lifecycle	savings.	Duplex	Stainless	Steel:	Grades	offer	tailored	solutions	for	demanding	applications.	Duplex	stainless	steel	combines	two	phases,	austenite	and	ferrite,	to	deliver	high	strength	and	excellent	corrosion	resistance.	There	are	four	main	duplex	grades—lean,	standard,	super,	and	hyper—each	suited	for	different	environments	and
strength	needs.	Duplex	stainless	steel	offers	twice	the	strength	of	common	stainless	steels	and	resists	corrosion	better,	especially	in	harsh	chloride-rich	settings.	This	steel	is	widely	used	in	oil	and	gas,	chemical,	and	marine	industries	for	equipment	like	pipelines,	tanks,	and	heat	exchangers.	Welding	duplex	stainless	steel	requires	careful	control	to
keep	its	properties,	and	choosing	the	right	grade	depends	on	the	specific	application	demands.	Duplex	stainless	steel	stands	out	as	a	unique	family	of	alloys	that	blend	two	distinct	metallurgical	phases:	austenite	and	ferrite.	This	dual-phase	structure	gives	duplex	alloys	a	remarkable	combination	of	mechanical	strength	and	corrosion	resistance.
Engineers	often	select	duplex	stainless	for	environments	where	traditional	stainless	grades	may	fail	or	require	frequent	maintenance.	The	characteristics	of	duplex	stainless	steel	come	from	its	balanced	microstructure.	Typically,	the	alloy	contains	about	50%	austenite	and	50%	ferrite.	This	balance	allows	duplex	stainless	to	outperform	both	austenitic
and	ferritic	stainless	steels	in	many	demanding	applications.	The	dual-phase	design	not	only	increases	yield	and	tensile	strength	but	also	enhances	resistance	to	stress	corrosion	cracking	and	pitting.	Note:	Duplex	stainless	steel	achieves	optimal	performance	when	the	austenite	content	remains	around	35%.	Excessive	austenite,	often	caused	by	high
nickel	content	during	welding,	can	reduce	both	strength	and	corrosion	resistance.	The	following	table	highlights	how	the	dual-phase	structure	influences	key	properties	in	common	duplex	stainless	grades:	Property	/	Material	Condition2205	(35-40%	Austenite)2209	(Higher	Austenite)2509	(Highest	Austenite)Tensile	StrengthHigh,	meets	specsNear
yield	limitBelow	required	strengthYield	StrengthStable,	highSlightly	reducedLower	than	requiredElongationGood	ductilityImproved	with	annealingGood,	but	lower	strengthImpact	Toughness	(-46°C)Improved,	balancedSlightly	higherHigher,	but	microstructure	criticalCorrosion	ResistanceBest,	less	segregationModerate,	phase	balanceLower,
excessive	segregation	Duplex	stainless	steel	offers	a	unique	set	of	properties.	These	include	high	strength,	excellent	corrosion	resistance,	and	good	toughness	at	low	temperatures.	The	alloy’s	microstructure	also	limits	grain	boundary	precipitation,	which	further	improves	its	durability	in	aggressive	environments.	Many	industries	rely	on	duplex
stainless	for	its	ability	to	deliver	long-term	performance	with	reduced	maintenance.	Duplex	stainless	steel	began	its	journey	in	the	1930s.	Metallurgists	first	combined	the	properties	of	austenitic	and	ferritic	stainless	steels,	aiming	to	create	an	alloy	with	both	strength	and	corrosion	resistance.	This	innovation	marked	a	turning	point	in	the	development
of	stainless	materials.	Early	duplex	grades	offered	a	unique	balance,	but	production	methods	limited	their	widespread	use.	The	1950s	brought	a	major	breakthrough.	The	introduction	of	the	argon-oxygen	decarburization	(AOD)	process	allowed	manufacturers	to	control	the	chemical	composition	more	precisely.	This	process	reduced	impurities	and
improved	the	quality	of	duplex	stainless	steel.	As	a	result,	engineers	could	produce	alloys	with	better	consistency	and	performance.	The	AOD	process	set	the	stage	for	further	advancements	in	duplex	technology.	By	the	1980s,	the	industry	saw	the	rise	of	super	duplex	stainless	steels.	Researchers	increased	the	levels	of	molybdenum	and	nitrogen	in	the
alloy.	These	changes	boosted	both	corrosion	resistance	and	mechanical	strength.	Super	duplex	grades	quickly	gained	popularity	in	demanding	environments.	Offshore	oil	rigs,	chemical	plants,	and	desalination	facilities	began	to	rely	on	these	advanced	materials	for	their	durability	and	efficiency.	Duplex	stainless	steel	evolved	through	three	key	stages:
increasing	molybdenum	content,	adding	nitrogen,	and	then	raising	both	elements	together.	Each	stage	improved	the	alloy’s	ability	to	withstand	harsh	conditions.	Today,	duplex	stainless	steel	stands	as	a	vital	material	in	many	industries.	Its	history	reflects	a	pattern	of	innovation	and	adaptation.	Engineers	continue	to	refine	its	composition	and
processing	methods,	ensuring	that	duplex	alloys	meet	the	ever-changing	demands	of	modern	applications.	The	journey	from	early	development	to	widespread	adoption	highlights	the	alloy’s	unique	value	in	challenging	environments.	Duplex	stainless	steel:	grades	fall	into	four	main	categories:	lean,	standard,	super,	and	hyper.	Each	group	offers	a
unique	combination	of	strength,	corrosion	resistance,	and	alloy	composition.	Engineers	select	duplex	grades	based	on	the	demands	of	their	application,	such	as	exposure	to	chlorides,	mechanical	load,	or	fabrication	requirements.	Lean	duplex	grades	provide	a	cost-effective	solution	for	many	industrial	applications.	These	grades,	such	as	LDX	2101,
contain	lower	amounts	of	nickel	and	molybdenum	but	higher	nitrogen	and	manganese.	This	composition	maintains	the	essential	duplex	microstructure	while	reducing	material	costs.	Lean	duplex	grades	deliver	yield	strength	that	exceeds	standard	austenitic	stainless	steels	and	offer	corrosion	resistance	similar	to	Type	316L.	GradeChromium
(%)Nickel	(%)Molybdenum	(%)Nitrogen	(%)PREN	RangeYield	Strength	(MPa)LDX	210121.51.50.30.2222–27450–550	Lean	duplex	grades	excel	in	applications	like	water	treatment,	storage	tanks,	and	pulp	and	paper	equipment.	Their	moderate	corrosion	resistance	and	high	mechanical	strength	make	them	suitable	for	less	aggressive	environments.
Processing	lean	duplex	is	less	demanding,	which	helps	reduce	fabrication	costs.	Tip:	Lean	duplex	grades	offer	a	practical	alternative	when	high	nickel	prices	impact	project	budgets.	uns	s32205	duplex	stainless	steel	Standard	duplex	grades	represent	the	most	widely	used	group	in	the	duplex	family.	Duplex	2205	stands	as	the	benchmark	for	this
category.	These	grades	typically	contain	21–25%	chromium,	2–3%	molybdenum,	and	0.15–0.25%	nitrogen.	The	balanced	microstructure,	with	roughly	equal	ferrite	and	austenite,	provides	twice	the	strength	of	common	austenitic	stainless	steels	and	superior	resistance	to	chloride-induced	corrosion.	Metric/ElementTypical	Range	or
ValueMicrostructureBalanced	50:50	ferrite	and	austeniteChromium	(Cr)22%	to	27%Nickel	(Ni)2%	to	8%Molybdenum	(Mo)0.3%	to	5%Nitrogen	(N)0.2%	to	0.4%Yield	Strength550	to	690	MPaPREN28	to	38	Duplex	2205	offers	a	minimum	yield	strength	of	65	ksi	and	tensile	strength	of	95	ksi,	with	elongation	around	25%.	These	properties	enable
thinner,	lighter	designs	without	sacrificing	durability.	Standard	duplex	stainless	steels	are	common	in	tanks,	piping,	process	vessels,	and	structural	components.	They	perform	well	in	environments	where	both	strength	and	corrosion	resistance	are	critical.	Duplex	grades	in	this	group	resist	pitting	and	stress	corrosion	cracking	better	than	standard
austenitic	or	ferritic	stainless.	Welding	requires	attention	to	heat	input	and	cooling	rates	to	preserve	the	duplex	structure.	Super	duplex	grades	push	the	boundaries	of	corrosion	resistance	and	mechanical	strength.	These	grades,	such	as	duplex	2507,	contain	higher	levels	of	chromium	(up	to	25%),	molybdenum	(up	to	4%),	and	nitrogen.	The	PREN	for
super	duplex	stainless	steels	exceeds	40,	indicating	exceptional	resistance	to	pitting	and	crevice	corrosion	in	harsh	chloride-rich	environments.	GradePREN	Range0.2%	Proof	Strength	(MPa)Corrosion	ResistanceProcessing	Challenges250738–45~550Superior,	even	in	seawaterRequires	careful	processing	to	avoid	intermetallics	Super	duplex	stainless
steels	like	duplex	2507	deliver	tensile	strengths	of	700–800	MPa	and	yield	strengths	of	450–550	MPa.	These	grades	are	essential	for	offshore	platforms,	desalination	plants,	and	chemical	processing	facilities.	The	high	alloy	content	ensures	outstanding	performance	in	aggressive	environments,	but	fabrication	requires	strict	control	to	prevent
intermetallic	phase	formation.	Note:	Super	duplex	stainless	grades	demand	rapid	cooling	after	welding	to	maintain	their	superior	properties.	Hyper	duplex	grades	represent	the	latest	advancement	in	duplex	technology.	These	grades	feature	even	higher	chromium,	molybdenum,	and	nitrogen	content,	resulting	in	PREN	values	above	45.	Hyper	duplex
grades	provide	the	highest	corrosion	resistance	and	mechanical	strength	among	all	duplex	grades.	Property	/	MetricNumerical	Data	/	DescriptionApplication	/	ContextYield	Strength450	to	550	MPaEnables	thinner,	lighter	designsPRENOver	45Extreme	resistance	to	pitting	in	chloride	environmentsCorrosion	Fatigue	ResistanceHighest	among	duplex
gradesCritical	for	marine,	oil	&	gas,	and	chemical	sectorsStress	Corrosion	Cracking	(SCC)	ResistanceEnhanced	due	to	alloying	and	microstructureVital	for	harsh	industrial	applications	Hyper	duplex	grades	excel	in	the	most	demanding	environments,	such	as	deepwater	oil	and	gas,	subsea	equipment,	and	highly	corrosive	chemical	processing.
Research	shows	that	powder	metallurgy	hyper	duplex	grades	achieve	superior	corrosion	fatigue	resistance	and	maintain	high	strength	after	heat	treatment.	However,	these	grades	present	the	greatest	processing	challenges,	requiring	precise	control	during	fabrication	to	avoid	detrimental	phases.	The	following	table	summarizes	key	differences
among	the	four	main	duplex	grades:	Grade	GroupPREN	RangeYield	Strength	(MPa)Corrosion	ResistanceProcessing	ComplexityExample	GradesLean22–27>	Standard	austeniticModerateLowLDX	2101Standard28–38~450GoodModerate2205Super38–45~550SuperiorHigh2507Hyper>45>	Super	duplexHighestVery	HighZeron	100,	SAF	3207	HD	Lean
duplex	grades	offer	cost	savings	and	moderate	corrosion	resistance.	Standard	duplex	grades	like	duplex	2205	provide	a	balance	of	strength	and	corrosion	resistance	for	most	industrial	needs.	Super	duplex	stainless	steels,	including	duplex	2507,	deliver	enhanced	performance	for	aggressive	environments.	Hyper	duplex	grades	set	the	benchmark	for
extreme	corrosion	resistance	and	strength	but	require	advanced	processing.	Engineers	should	match	the	duplex	grade	to	the	specific	demands	of	the	application,	considering	both	performance	and	fabrication	requirements.	The	composition	of	duplex	stainless	steel	relies	on	a	careful	balance	of	several	key	elements.	Chromium,	molybdenum,	and
nickel	serve	as	the	primary	alloying	elements.	Chromium	increases	corrosion	resistance	and	stabilizes	the	ferritic	phase.	Molybdenum	further	boosts	resistance	to	pitting	and	crevice	corrosion,	especially	in	chloride-rich	environments.	Nickel	stabilizes	the	austenitic	phase,	improving	ductility	and	toughness.	Nitrogen	strengthens	the	alloy	and
enhances	resistance	to	localized	corrosion.	Other	elements,	such	as	manganese,	silicon,	and	carbon,	play	supporting	roles	by	refining	the	microstructure	and	improving	weldability.	The	Schaeffler–DeLong	phase	diagram	and	equivalent	formulas	help	engineers	predict	the	phase	balance	in	duplex	stainless	steel.	These	models	use	nickel	equivalent
(Ni_eq)	and	chromium	equivalent	(Cr_eq)	values	to	guide	alloy	design.	For	example,	chromium	and	molybdenum	enrich	the	ferritic	phase,	while	nickel	and	nitrogen	favor	the	austenitic	phase.	The	Cr/Ni	ratio	and	heat	treatment	conditions	determine	the	final	microstructure.	Manufacturers	classify	duplex	stainless	steel	grades	based	on	their	chemical
composition.	The	table	below	summarizes	the	typical	ranges	for	key	elements	in	two	widely	used	grades,	2205	(S31803	and	S32205):	Element2205	(S31803)	Min2205	(S31803)	Max2205	(S32205)	Min2205	(S32205)	MaxCarbon	(C)–0.030%–0.030%Manganese	(Mn)–2.00%–2.00%Silicon	(Si)–1.00%–1.00%Phosphorus	(P)–0.030%–0.030%Sulfur	(S)–
0.020%–0.020%Chromium	(Cr)21.0%23.0%22.0%23.0%Molybdenum	(Mo)2.5%3.5%3.0%3.5%Nickel	(Ni)4.5%6.5%4.5%6.5%Nitrogen	(N)0.08%0.20%0.14%0.20%	The	composition	of	duplex	stainless	steel	determines	its	mechanical	and	corrosion-resistant	properties.	Engineers	use	the	following	guidelines	to	understand	the	role	of	each	element:
Chromium	and	molybdenum	increase	corrosion	resistance	and	stabilize	the	ferritic	phase.	Nickel	and	nitrogen	promote	the	austenitic	phase,	improving	toughness	and	ductility.	The	balance	between	these	elements	controls	the	phase	ratio,	which	affects	strength	and	corrosion	resistance.	Heat	treatment	and	cooling	rates	influence	how	these	elements
distribute	between	ferrite	and	austenite.	The	Cr/Ni	ratio	and	nitrogen	content	help	prevent	unwanted	phases	during	welding	and	fabrication.	Small	amounts	of	carbon,	manganese,	and	silicon	refine	the	microstructure	and	support	weldability.	A	precise	composition	ensures	that	duplex	stainless	steel	meets	the	demands	of	challenging	environments.	By
adjusting	the	levels	of	chromium,	molybdenum,	nickel,	and	nitrogen,	manufacturers	can	tailor	the	alloy	for	specific	applications.	Duplex	stainless	steel	offers	a	unique	combination	of	high	strength	and	toughness.	Engineers	often	select	duplex	grades	for	applications	that	demand	reliable	mechanical	properties.	Tensile	strength	for	duplex	stainless
steel,	such	as	grade	2205,	typically	ranges	from	620	MPa	to	770	MPa.	Proof	stress	values	fall	between	450	MPa	and	550	MPa,	while	elongation	averages	around	25%.	These	properties	mean	duplex	stainless	steel	can	provide	up	to	twice	the	strength	of	austenitic	stainless	steels	and	better	toughness	than	ferritic	types.	Room	temperature	tensile	tests
on	duplex	stainless	steel	bars	confirm	robust	yield	and	tensile	strength,	supporting	use	in	reinforced	concrete	and	structural	applications.	Nanoindentation	studies	show	ferrite	in	duplex	stainless	steel	is	about	12%	harder	than	austenite,	but	both	phases	contribute	to	overall	strength.	Duplex	stainless	steel	maintains	mechanical	properties	at	elevated
temperatures,	though	strength	and	modulus	decrease	gradually	with	heat.	PropertyDuplex	Stainless	Steel	(2205,	UR52N+)Austenitic	Stainless	Steel	(304)Ferritic	Stainless	Steel	(430)Tensile	Strength	(MPa)620–770520–750450–600Proof	Stress	(MPa)450–550210–310280–350Elongation	(%)~2540–5520–30	Duplex	stainless	steel	stands	out	for	its
excellent	corrosion	resistance	properties.	The	dual-phase	microstructure	and	high	levels	of	chromium,	molybdenum,	and	nitrogen	deliver	good	resistance	to	pitting	and	crevice	corrosion	resistance,	especially	in	chloride-rich	and	sulphide	environments.	Super	duplex	grades,	such	as	UR52N+,	offer	even	higher	resistance,	making	them	suitable	for
seawater	and	aggressive	chemical	processing.	Electrochemical	tests	show	that	duplex	stainless	steel,	like	UNS	S31803,	achieves	higher	pitting	potential	and	corrosion	potential	than	lean	duplex	grades.	Critical	pitting	temperature	(CPT)	tests	confirm	that	a	balanced	austenite-ferrite	structure	increases	pitting	and	crevice	corrosion	resistance.	Heat
treatment	that	optimizes	phase	balance	further	improves	corrosion	resistance.	Duplex	stainless	steel	demonstrates	strong	stress	corrosion	cracking	resistance,	outperforming	austenitic	grades	in	many	industrial	settings.	Parameter	/	ConditionDuplex	Stainless	Steel	(UNS	S31803)Lean	Duplex	(UNS	S32304)Pitting	Potential
(E_p)HigherLowerCorrosion	Potential	(E_corr)HigherLowerCPT	(°C)HigherLower	Duplex	stainless	steel	provides	excellent	corrosion	resistance	and	good	resistance	to	pitting,	making	it	a	top	choice	for	harsh	environments.	Duplex	stainless	steel	displays	physical	properties	that	support	its	use	in	demanding	applications.	Density	typically	ranges	from
7.7	to	7.85	g/cm³.	The	modulus	of	elasticity	is	about	200	GPa,	and	thermal	conductivity	falls	between	14	and	19	W/m·K	at	100°C.	Duplex	stainless	steel	is	magnetic,	unlike	austenitic	grades,	and	has	a	lower	thermal	expansion	coefficient	(about	13.5–13.7	x	10⁻⁶	m/m·K),	which	reduces	distortion	during	temperature	changes.	Physical	PropertyDuplex
Stainless	Steel	(S32760)Austenitic	Stainless	Steel	(304)Density	(g/cm³)7.818.00Young’s	Modulus	(GPa)199193Thermal	Conductivity	(W/m·K,	20°C)14.216.2Thermal	Expansion	(10⁻⁶	m/m·K)11.116.0Specific	Heat	(J/kg·K)475500	Duplex	stainless	steel’s	combination	of	mechanical	strength,	corrosion	resistance,	and	stable	physical	properties	sets	it	apart
from	other	stainless	steel	types.	These	properties	make	duplex	stainless	steel	a	preferred	material	for	engineers	who	require	both	durability	and	performance	in	challenging	environments.	Duplex	stainless	steel	finds	widespread	use	in	industries	that	demand	high	corrosion	resistance	and	mechanical	strength.	Oil	and	gas	companies	rely	on	duplex
grades	for	offshore	platforms,	subsea	pipelines,	and	pressure	vessels.	These	applications	require	materials	that	withstand	aggressive	chloride	environments	and	high	mechanical	loads.	Chemical	processing	plants	use	duplex	stainless	steel	for	tanks,	reactors,	and	heat	exchangers.	The	alloy’s	resistance	to	pitting	and	crevice	corrosion	ensures	long
service	life	in	contact	with	acids	and	salts.	Marine	construction	benefits	from	duplex	stainless	steel	in	shipbuilding,	desalination	plants,	and	harbor	infrastructure.	The	alloy’s	high	pitting	resistance	equivalent	number	(PREN)	and	superior	cyclic	durability	make	it	ideal	for	structures	exposed	to	seawater.	Studies	show	that	grade	2205	delivers	yield
strength	between	450–550	MPa	and	tensile	strength	up	to	800	MPa.	This	strength,	combined	with	corrosion	resistance,	supports	safer	and	lighter	designs.	Common	applications	include:	Pressure	vessels	and	storage	tanks	Heat	exchangers	and	tubing	Valves	and	pumps	in	chemical	and	petrochemical	plants	Marine	fasteners,	propeller	shafts,	and
seawater	piping	Duplex	stainless	steel	demonstrates	30.5%	higher	yield	stress	than	austenitic	stainless	steel	and	absorbs	more	seismic	energy,	making	it	suitable	for	structural	applications	in	earthquake-prone	regions.	Selecting	the	right	duplex	grades	depends	on	the	specific	requirements	of	each	application.	Standard	duplex	grades,	such	as	2205,
serve	well	in	most	industrial	environments	due	to	their	balanced	corrosion	resistance	and	mechanical	properties.	For	more	aggressive	conditions,	super	duplex	and	hyper	duplex	grades	offer	enhanced	resistance	to	localized	corrosion	and	higher	strength.	The	table	below	links	major	industries	to	recommended	grades	and	highlights	key	selection
criteria:	IndustryRecommended	GradesKey	Selection	CriteriaOil	&	Gas2205,	2507,	SAF	2707	HDChloride	resistance,	strengthChemical	Processing2205,	S31803Acid	resistance,	weldabilityMarine2507,	S32707Pitting	resistance,	fatigue	strengthDesalination2507,	Zeron	100Crevice	corrosion	resistance,	durability	Applications	for	standard	duplex
grades	include	pressure	vessels,	heat	exchangers,	and	piping	systems.	Engineers	choose	duplex	stainless	steel	for	its	proven	performance	in	resisting	corrosion,	reducing	maintenance,	and	extending	equipment	life.	The	alloy’s	versatility	and	reliability	make	it	a	preferred	choice	for	demanding	industrial	applications.	Duplex	stainless	steel	stands	out
in	the	industry	for	its	unique	balance	of	strength	and	corrosion	resistance.	Engineers	often	compare	the	advantages	of	duplex	stainless	steel	to	those	of	austenitic	and	ferritic	stainless	grades.	The	table	below	highlights	how	duplex	stainless	steel	grades	perform	against	other	types:	Steel	TypePREN	RangeKey	AdvantagesLimitations	and
ConsiderationsLean	Duplex	Stainless	Steel	(LDSS)~26Moderate	pitting	corrosion	resistance;	balanced	microstructure	(~50%	ferrite,	50%	austenite)Lower	corrosion	resistance	compared	to	higher	duplex	grades;	limited	nitrogen	solubility;	longer	exposure	to	critical	temperatures	toleratedStandard	Duplex	Stainless	Steel	(DSS	22%	Cr)~30-
35Improved	corrosion	resistance	and	strength	over	conventional	stainless	steelsShorter	allowable	exposure	to	critical	temperature	ranges	(30-60	min);	welding	joints	may	have	50%-80%	corrosion	resistance	of	base	metalSuper	Duplex	Stainless	Steel	(SDSS)~40-45High	pitting	corrosion	resistance;	high	strength;	nitrogen-enhanced	microstructure
stabilityTechnological	challenges	in	heat	treatment;	nitrogen	solubility	limits;	risk	of	harmful	secondary	phase	precipitation	if	improperly	cooledHyper	Duplex	Stainless	Steel	(HDSS)>45Highest	corrosion	resistance	among	duplex	steels;	excellent	strength	and	ductilityReduced	nitrogen	content	due	to	metallurgical	processing	limits;	very	short
allowable	exposure	to	critical	temperature	(5-10	min);	welding	sensitivity	PREN	(Pitting	Resistance	Equivalent	Number)	helps	engineers	compare	pitting	corrosion	resistance	across	stainless	steel	grades.	Duplex	stainless	steel	offers	several	advantages	that	make	it	a	preferred	choice	in	demanding	environments:	High	mechanical	strength	allows	for
lighter,	thinner	structures	without	sacrificing	safety.	Superior	corrosion	resistance,	especially	in	chloride-rich	and	marine	settings,	extends	equipment	life.	The	dual-phase	microstructure	provides	a	balance	of	ductility	and	toughness.	Nitrogen	addition	improves	corrosion	resistance	and	reduces	reliance	on	expensive	nickel,	making	duplex	stainless
steel	more	cost-effective.	Grain	refinement	and	microstructural	control	further	enhance	wear	resistance	and	mechanical	properties.	Cold	rolling	and	advanced	processing	techniques	increase	the	formation	of	protective	oxide	films,	boosting	corrosion	resistance.	These	advantages	of	duplex	stainless	steel	support	its	use	in	pollution	control,	chemical
vessels,	and	offshore	oil	and	gas	industries.	Despite	its	many	advantages,	duplex	stainless	steel	also	presents	some	limitations:	Welding	requires	precise	control	of	heat	input	and	cooling	rates	to	maintain	the	optimal	ferrite-austenite	balance.	Improper	welding	can	reduce	corrosion	resistance	in	joints	to	50%-80%	of	the	base	metal,	increasing	the	risk
of	stress	corrosion	cracking.	Excess	ferrite	or	austenite	in	welds	can	lower	toughness	and	increase	embrittlement,	especially	at	low	temperatures.	The	formation	of	intermetallic	phases	during	slow	cooling	or	improper	heat	treatment	can	degrade	both	mechanical	and	corrosion	properties.	Welded	duplex	stainless	steel	often	shows	lower	ductility	and
toughness	than	the	base	metal,	especially	under	cyclic	loading.	Specialized	post-weld	treatments	and	filler	materials	may	be	necessary,	adding	complexity	and	cost.	Engineers	must	carefully	consider	these	drawbacks	when	selecting	duplex	stainless	steel	for	critical	applications.	Duplex	stainless	steel	delivers	a	unique	combination	of	strength	and
corrosion	resistance	through	its	dual-phase	structure.	Engineers	can	select	from	lean,	standard,	super,	and	hyper	grades	to	match	specific	application	demands.	Key	benefits	and	considerations	include:	Higher	strength,	often	double	that	of	austenitic	stainless	steels	Superior	corrosion	resistance	compared	to	grades	304	and	316	Good	resistance	to
stress	corrosion	cracking	Magnetic	properties	for	easy	identification	Specialized	fabrication	and	machining	requirements	Selecting	the	right	grade	requires	careful	evaluation	of	project	needs	and	consultation	with	material	experts.	Duplex	stainless	steel	contains	both	austenite	and	ferrite	phases.	This	dual-phase	structure	gives	it	higher	strength	and
better	corrosion	resistance	than	austenitic	or	ferritic	grades.	Engineers	often	choose	duplex	alloys	for	demanding	environments.	Welding	duplex	stainless	steel	requires	careful	control	of	heat	input	and	cooling	rates.	Proper	technique	preserves	the	balance	between	ferrite	and	austenite.	Using	recommended	filler	materials	helps	prevent	loss	of
corrosion	resistance	in	welded	joints.	Engineers	use	duplex	stainless	steel	in	oil	and	gas,	chemical	processing,	and	marine	industries.	Common	applications	include	pressure	vessels,	heat	exchangers,	pipelines,	and	seawater	systems.	Its	strength	and	corrosion	resistance	make	it	ideal	for	harsh	environments.	Duplex	stainless	steel	often	costs	less	than
high-alloy	austenitic	grades	due	to	lower	nickel	content.	Its	higher	strength	allows	for	thinner	sections,	reducing	material	usage	and	overall	project	costs.	Duplex	stainless	steel	can	lose	toughness	at	very	low	temperatures.	Improper	welding	may	reduce	corrosion	resistance.	Fabrication	requires	skilled	personnel	and	strict	process	control	to	avoid
unwanted	phases	and	maintain	performance.	Duplex	steel,	also	known	as	duplex	stainless	steel,	is	a	type	of	stainless	steel	with	a	unique	two-phase	microstructure	composed	of	austenite	(face-centered	cubic	lattice)	and	ferrite	(body-centered	cubic	lattice)	in	roughly	equal	proportions.	This	structure	provides	duplex	steel	with	exceptional	strength	and
superior	corrosion	resistance	compared	to	standard	austenitic	stainless	steels	like	Type	304	or	316.	It	is	specifically	designed	to	resist	chloride	stress	corrosion	and	chloride	pitting	corrosion,	making	it	ideal	for	environments	with	high	chloride	exposure.		Duplex	steel	has	a	higher	chromium	content	(20–28%),	molybdenum	(up	to	5%),	and	nitrogen
(0.05	—	0.50%)	while	maintaining	a	lower	nickel	content	(up	to	9%)	compared	to	austenitic	grades.	These	elements	enhance	its	durability	and	reduce	costs.	Its	high	strength	allows	for	thinner	sections,	further	improving	cost	efficiency.	Widely	used	in	the	offshore	oil	and	gas	industry,	petrochemical	pipelines,	and	marine	applications,	duplex	steel
combines	improved	corrosion	resistance,	higher	strength,	and	affordability,	making	it	a	preferred	choice	for	demanding	industrial	applications.	When	selecting	stainless	steel	materials	for	industrial	applications,	Duplex	stainless	steel	and	316	stainless	steel	(AISI	316	or	EN	1.4401/1.4404)	are	two	of	the	most	commonly	considered	options.	Both	offer
excellent	corrosion	resistance	and	mechanical	performance,	but	they	are	optimized	for	different	use	cases.	In	this	article,	we	will	compare	Duplex	vs.	316	stainless	steel	in	terms	of	composition,	mechanical	strength,	corrosion	resistance,	cost,	and	applications-helping	you	choose	the	right	material	for	your	project	What	is	Duplex	Stainless	Steel?
Duplex	stainless	steel	refers	to	a	family	of	stainless	steels	that	have	a	two-phase	microstructure	consisting	of	austenite	and	ferrite	in	roughly	equal	proportions.	This	dual-phase	structure	gives	duplex	steels	higher	strength	and	better	stress	corrosion	cracking	resistance	compared	to	austenitic	grades	like	316.	Common	Grades:	2205	(UNS	S32205),
2507	(UNS	S32750)	Key	Benefits:	High	mechanical	strength,	excellent	resistance	to	pitting	and	crevice	corrosion,	lower	nickel	content	What	is	316	Stainless	Steel?	316	stainless	steel,	also	known	as	marine-grade	stainless	steel,	is	an	austenitic	alloy	containing	molybdenum.	It	is	widely	used	for	its	excellent	resistance	to	corrosion,	particularly	in
chloride-rich	environments,	such	as	seawater	and	chemical	processing.	Common	Variants:	316	and	316L	(low	carbon	version	for	better	weldability)	Key	Benefits:	Excellent	general	corrosion	resistance,	good	formability,	widely	available	Duplex	vs.	316	stainless	steel:	Chemical	Composition		Element	316	Stainless	Steel	Duplex	2205	Chromium	(Cr)	16–
18%	22–23%	Nickel	(Ni)	10–14%	4.5–6.5%	Molybdenum	2–3%	3–3.5%	Nitrogen	-	0.14–0.2%	Duplex	2205	vs.	316	stainless	steel:	Mechanical	Properties	Comparison	Property	316	Stainless	Steel	Duplex	2205	Tensile	Strength	(MPa)	~515	≥620	Yield	Strength	(MPa)	~205	≥450	Hardness	(HB)	~150	~270	What	is	the	difference	in	corrosion	resistance
between	duplex	steel	and	316	steel?	316	stainless	steel	performs	well	in	mildly	corrosive	environments,	including	marine	and	coastal	atmospheres.	Duplex	stainless	steel,	especially	2205	or	2507,	is	superior	in	chloride-rich,	acidic,	or	high-pressure	environments,	where	pitting	and	crevice	corrosion	are	a	concern.	What	is	the	price	of	316	stainless
steel?	316	stainless	steel	is	more	affordable	and	widely	available,Duplex	stainless	steel	tends	to	be	more	expensive	per	unit,	but	its	higher	strength	allows	for	thinner	sections,	reducing	overall	material	usage	and	weight.	Which	Should	You	Choose:	Duplex	or	316?	Choose	316	stainless	steel	if:	You	need	good	corrosion	resistance	at	a	lower	cost	You're
working	in	moderately	aggressive	environments	You	require	excellent	weldability	and	formability	Choose	Duplex	stainless	steel	if:	You	need	high	strength	and	durability	under	pressure	Your	system	operates	in	harsh	or	chloride-rich	conditions	You	want	better	long-term	performance	in	demanding	environments	Stainless	steel	is	renowned	for	its
corrosion	resistance	and	versatility,	but	not	all	stainless	steels	are	the	same.	Duplex	stainless	steels	offer	unique	advantages	over	traditional	austenitic	or	ferritic	grades.	In	this	blog,	we	break	down	their	differences	in	composition,	mechanical	properties,	and	applications	to	help	you	select	the	right	material	for	your	project.	Quick	Summary	Property
Standard	Stainless	Steel	(e.g.,	304/316)	Duplex	Stainless	Steel	(e.g.,	2205/2507)	Microstructure	Austenitic	(304)	or	Ferritic	(430)	Dual-phase	(50%	Austenite	+	50%	Ferrite)	Strength	Moderate	(Tensile:	500–700	MPa)	High	(Tensile:	700–1000	MPa)	Corrosion	Resistance	Good	(304)	to	Excellent	(316)	Superior	(Resists	pitting,	chloride	stress	corrosion)
Cost	Lower	Higher	(20–40%	more	than	316)	Best	For	General-purpose,	moderate	environments	Harsh	environments	(chemical,	marine,	oil	&	gas)	1.	Chemical	Composition	The	alloy	content	defines	their	microstructure	and	performance:	Element	(%)	304	Stainless	Steel	316	Stainless	Steel	Duplex	2205	Chromium	(Cr)	18–20	16–18	21–23	Nickel	(Ni)	8–
10.5	10–14	4.5–6.5	Molybdenum	(Mo)	–	2–3	2.5–3.5	Nitrogen	(N)	–	–	0.14–0.20	Why	It	Matters:	Duplex	steels	combine	high	chromium,	molybdenum,	and	nitrogen	for	enhanced	strength	and	corrosion	resistance.	Standard	stainless	steels	rely	on	nickel	for	austenitic	structure	(e.g.,	304/316).	2.	Mechanical	Properties	Property	304	Stainless	Steel	316
Stainless	Steel	Duplex	2205	Tensile	Strength	515	MPa	515	MPa	620–750	MPa	Yield	Strength	205	MPa	205	MPa	450–550	MPa	Elongation	40%	40%	25%	Hardness	(Brinell)	170	HB	170	HB	290	HB	Key	Takeaway:	Duplex	steels	have	double	the	yield	strength	of	standard	grades,	reducing	material	thickness	in	high-stress	applications.	3.	Corrosion
Resistance	Standard	Stainless	Steel	304:	Resists	atmospheric	corrosion	and	mild	chemicals.	316:	Better	for	chloride	environments	(e.g.,	marine)	due	to	molybdenum.	Duplex	Stainless	Steel	2205/2507:	Excel	in	chloride-rich	environments	(seawater,	chemical	plants).	Resists	pitting,	crevice	corrosion,	and	stress	corrosion	cracking	(SCC).	4.
Temperature	Resistance	Standard	Grades:	304/316:	Suitable	up	to	870°C	(intermittent)	but	prone	to	sensitization.	Duplex	Grades:	Max	300°C	(continuous)	due	to	risk	of	embrittlement.	5.	Applications	Standard	Stainless	Steel	304:	Food	processing,	kitchen	equipment,	architectural	trim.	316:	Marine	hardware,	pharmaceutical	equipment,	coastal
structures.	Duplex	Stainless	Steel	2205:	Oil	&	gas	pipelines,	desalination	plants,	heat	exchangers.	2507:	Offshore	platforms,	chemical	tankers,	flue	gas	scrubbers.	6.	Specifications	&	Standards	Grade	ASTM	EN	UNS	Key	Features	304	ASTM	A240	1.4301	S30400	General-purpose	corrosion	resistance	316	ASTM	A240	1.4401	S31600	Enhanced	chloride
resistance	Duplex	2205	ASTM	A182	1.4462	S31803	Balanced	strength	&	corrosion	Super	Duplex	2507	ASTM	A182	1.4410	S32750	Extreme	corrosion	resistance	7.	Cost	&	Fabrication	Cost:	Duplex	steels	cost	20–40%	more	than	316	due	to	alloy	content.	Fabrication:	Standard	grades:	Easier	to	weld	and	form.	Duplex	grades:	Require	controlled	welding
(heat	input)	to	retain	corrosion	resistance.	8.	FAQs	Q:	Can	duplex	steel	replace	316L	in	marine	environments?	A:	Yes!	Duplex	2205	offers	better	strength	and	chloride	resistance,	often	reducing	material	costs	long-term.	Q:	Is	duplex	stainless	steel	magnetic?	A:	Yes	(due	to	its	ferritic	phase),	unlike	austenitic	grades	like	304/316.	Q:	Does	E	Steel	Steel
supply	duplex	grades?	A:	Absolutely!	We	stock	duplex	2205,	2507,	and	standard	grades	like	304/316	in	plates,	pipes,	and	bars.	9.	How	to	Choose?	Opt	for	Standard	Stainless	Steel	If:	Your	project	has	budget	constraints.	Operating	conditions	are	moderate	(e.g.,	food	processing,	architecture).	Opt	for	Duplex	Stainless	Steel	If:	You	need	high	strength-to-
weight	ratios.	Exposure	to	chlorides,	acids,	or	high	pressures	(e.g.,	offshore,	chemical	plants).	10.	Conclusion	While	standard	stainless	steels	like	304/316	suit	everyday	applications,	duplex	stainless	steels	excel	in	harsh,	demanding	environments.	At	E	Steel	Steel	Sdn	Bhd,	we	supply	both	grades,	ensuring	certified	quality	and	tailored	solutions	for	your
needs.	Stainless	steels	encompass	several	classes	of	alloys	on	the	basis	of	their	crystalline	microstructure.	One	such	classification	is	the	duplex	variety.	The	four	main	classes	of	stainless	steel	include	austenitic,	ferritic,	martensitic	as	well	as	a	duplex.	While	austenitic	stainless	steels	have	an	FCC	microstructure,	ferritic	classes	have	a	BCC	structure,



martensitic	has	a	body-centered	tetragonal	form	crystalline	microstructure.	On	the	other	hand,	the	microstructure	of	a	duplex	stainless	steel	alloy	includes	both	austenite	and	ferrite	in	a	50%	ratio,	which	is	what	gives	these	steels	their	unique	mechanical	and	corrosion	resistance	properties.	Galvanic	corrosion	between	stainless	steel	and	duplex
stainless	steel	bimetallic	corrosion,	or	otherwise	known	as	galvanic	corrosion	is	an	electrochemical	process	that	occurs	when	two	dissimilar	metals	are	submerged	in	a	conductive	solution	and	the	metals	are	electrically	connected.	In	this	process,	while	one	metal	is	protected,	the	other	one	gets	corroded.	It	is	possible	to	prevent	galvanic	corrosion	by
practicing	several	rules.	Materials	with	similar	corrosion	potentials	must	be	selected,	the	electrical	connection	must	be	broken	down,	by	means	of	insulation,	and	lastly,	the	application	of	a	coating	to	both	the	materials.	The	application	of	proper	coating	prevents	the	stripping	of	metals	from	either	the	cathode	or	anode,	thereby	improving	their
resistance	to	corrosion	and	effectively	protecting	both	the	metals.	Pickling	and	passivation	of	duplex	and	stainless	steel	Passivation	is	a	phenomenon	that	occurs	in	stainless	steels	that	contain	higher	contents	of	chromium	in	their	alloy.	Duplex	steels	have	chromium	ranging	between	19%	to	about	32%	in	their	alloys.	Since	duplex	stainless	steels
contain	high	levels	of	chromium	in	their	alloy,	it	is	possible	for	the	surface	of	these	components	to	form	a	passivated	oxide	layer	over	the	surface	of	the	steel.	However,	some	stainless	steel	alloys	possess	insufficient	chromium	content	to	form	this	self-repairing	passivation	oxide	layer,	leading	to	the	material	getting	corroded	by	oxidation.	Oxidation	is	a
common	problem	associated	with	low	chromium	stainless	steel.	It	is	possible	to	improve	the	corrosion	resistance	properties	of	these	stainless	steel	alloys	by	subjecting	them	to	a	passivation	treatment.	Pickling	is	the	elimination	of	scales	caused	by	exposing	the	material	to	elevated	temperatures.	Scales	that	were	also	caused	by	an	adjacent	chromium
layer	of	metal	could	be	eliminated	by	pickling	by	means	of	chemical	treatments	from	the	external	body	of	stainless	steel	alloys.	The	use	of	mechanical	processes	often	harms	or	damages	the	surface	of	the	metal.	To	avoid	such	injurious	defects,	it	is	easier	to	eliminate	the	excess	metals	via	the	use	of	chemical	washes,	as	they	effectively	eliminate	the
extra	layer	from	the	surface	of	stainless	steel.	This	process	makes	use	of	acidic	solutions	including	nitric	(HNO3)	and	hydrofluoric	(HF)	acids	Advantages	and	disadvantages	of	duplex	and	stainless	steel	Since	there	are	multiple	grades	of	duplex	and	stainless	steel	grades,	the	advantages,	and	disadvantages	associated	with	each	grade	are	dependent	on
the	application	it	is	to	be	used	for	along	with	the	chemical	composition	of	the	grade.	For	instance,	austenitic	stainless	steel	grades	belonging	to	the	300	series	have	excellent	ductility,	improved	resistance	to	corrosion,	and	good	mechanical	strength.	Their	chemistry	could	be	altered	by	lowering	or	increasing	the	content	of	carbon	for	specific	purposes
such	as	welding	or	use	in	elevated	temperatures.	Those	stainless	steels	belonging	to	the	martensitic	and	ferritic	classes	have	better	hardness,	and	the	corrosion	resistance	properties	are	lower	in	comparison	to	austenitic	and	the	duplex	variety	of	stainless	steels.	Because	duplex	stainless	steels	are	highly	alloyed,	the	cost	of	using	these	metals	may	be
high.	However,	the	cost	of	grades	like	904L	is	higher	than	some	standard	duplex	stainless	steels.	Aside	from	the	cost	factor,	there	are	very	few	stainless	steel	alloys	that	could	be	used	at	elevated	temperatures,	unlike	nickel	alloys	such	as	Monel,	Inconel,	etc.	Another	disadvantage	of	these	alloys	is	their	impact	resistance,	which	is	not	very	good	at
temperatures	as	low	as	-50°C.	4	Types	of	Stainless	steel	Ferritic	Austenitic	Martensitic	and	Duplex	Steel	Ferritic	Stainless	Steel:	Grade	409	Grade	416	Grade	430	Grade	439	Austenitic	Stainless	Steel:	Grade	303	Grade	304	Grade	304L	Grade	309	Grade	316	Grade	316L	Martensitic	Stainless	Steel:	Precipitation	Hardened	Stainless	Steel:	Duplex
stainless	Steel:	2205:	Heat	exchangers	and	pressure	vessels	2507:	Pressure	vessels	and	desalination	plants	Physical	properties	of	Duplex	and	Stainless	Steel	Grades	Temperature	Young's	modulus	Thermal	expansion	coefficient	Specific	heat	capacity	Thermal	conductivity	C	F	GPa	10−6K1	J	kg−1	K−1	Wm−1	K−1	Ferritic	A516*	20	68	205	12.5	450	60
S43000	20	68	205	10	480	22	S44700	20	68	205	10	480	21	Auslenitic	S30400	20	68	205	16	520	16	N08904	20	68	205	16	544	15	Duplex	S31803	20	68	200	–	470	14	100	212	190	13	500	15	200	392	180	14	530	17	300	572	170	14.5	560	18	S32304	20	68	200	13	470	16	Superduplex	S32750	20	68	200	13	470	14	S32760	20	68	190	12.8	482	12.9	S32520
20	68	205	13.5	450	17	100	212	195	14	500	18	200	392	185	14.5	530	19	A516*=	carbon	steel	Chemical	composition	of	Duplex	stainless	steel	grades	Europe	EN	British	BS	AISI	DIN	SS	Typical	composition	(%)	C	Cr	Ni	Mo	Other	1.4362	X2CrNiN23-4	2327	0.03	×	22	4	0.4	0.4	Cu	1.4410	2328	0.03	×	24	6	3	1.4460	329	X4CrNiMoN27-5-2	2324	0.05	×	25
5	1.5	1.4462	X2CrNiMoN22-5-3	2377	0.03	×	22	5	3	1.4501	318S13	0.03	×	24	6	3	0.5	W	1.4507	0.03	×	24	6	3	1.0	Cu	Duplex	Steel	Grades	DUPLEX	TYPE	PREN	Standard	Approximately	35	Lean	25-30	Duplex	Above	40	Duplex	Steel	weldability	Shielded	metal	arc	welding	(SMAW)	Flux-cored	arc	welding	(FCW)	Gas	metal	arc	welding	MIG	(GMAW)	Gas
tungsten	arc	welding	TIG	(GTAW)	Submerged	arc	welding	(SAW)	Plasma	arc	welding	(PAW)	Resistance	welding	Laser	welding	High-frequence	welding	Use	the	following	comparison	tool	while	choosing	a	material:			Austenitic	Stainless	Steel	Ferritic	Stainless	Steel	Martensitic	Stainless	Steel	Duplex	Steel	Formability	M/H	L/M	L	L/M	Oxide	Resistance
M	H	-	M	Weldability	M/H	M/H	L	M	Toughness	H	L/M	M	M	Room	Temp.	Strength	M/H	M	VH	H	Corrosion	Resistance	H	M/H	M	M/H	Strength	at	Temperature	H	L/M	-	H	Price	Comparison	H	M	M	H	Please	note:	L	=	Low	M	=	Medium	H=	High	VH=	Very	High	See	more	Stainless	steel	comes	in	many	different	forms,	and	selecting	the	proper	one	for
projects	can	be	challenging,	particularly	when	terms	like	‘duplex	stainless	steel’	or	‘stainless	steel’	come	into	play.	Both	mystify	their	users	for	being	highly	corrosion-resistant	and	durable;	however,	their	distinct	differences	reveal	themselves	on	varying	scopes	of	application.	In	this	article,	we	use	a	comparison	chart	to	outline	the	primary	differences
between	duplex	and	standard	stainless	steel,	their	characteristics,	applications,	and	advantages.	This	guide	is	for	everyone,	from	specialists	guiding	industries	to	those	simply	interested	in	materials	science,	as	it	empowers	users	with	the	knowledge	to	choose	and	fulfill	their	exact	requirements.	Let	us	now	explore	the	differences	between	duplex
stainless	steel	and	standard	stainless	steel,	along	with	the	bearing	they	have	on	the	functionality	of	each.	What	is	the	fundamental	difference	between	duplex	stainless	steel	and	regular	stainless	steel?	What	is	the	fundamental	difference	between	duplex	stainless	steel	and	regular	stainless	steel?	As	with	any	other	type	of	stainless	steel,	duplex	stainless
steel’s	defining	traits	differ	from	those	of	regular	stainless	steel	due	to	duplex’s	composition	and	structural	features.	To	explain	further,	ductile	duplex	stainless	steel	possesses	a	mixed	structure,	boasting	both	austenitic	and	ferritic	phases,	which	gives	it	enhanced	strength	and	resistance	to	corrosion	compared	to	regular	stainless	steel.	Relatively,
fully	austenitic	stainless	steel	has	likeable	traits,	especially	good	corrosion	resistance,	but	duplex	stainless	steel’s	greater	strength	and	stress	resistance	make	it	superior.	That	said,	the	combination	of	these	properties	allows	duplex	stainless	steel	to	be	utilized	in	extreme	environments	such	as	those	exposed	to	high	pressure	and	harsh	chemicals.
Microstructure:	Ferritic	and	Austenitic	phases	in	duplex	stainless	steel	The	dual-phase	structure	of	duplex	stainless	steel	consists	of	two	parts:	ferrite	and	austenite.	Each	microstructure’s	composition	ranges	from	50/50	to	60/40.	This	ratio	gives	a	synergistic	blend	of	the	properties	provided	by	both	phases.	The	ferritic	stainless	steel	gives	excellent
resistance	to	chloride	sress	corrosion	cracking,	and	high	strength,	while	the	austenitic	phase	offers	good	toughness	and	ductility	along	with	corrosion.	The	ferritic	phase,	which	is	rich	in	chromium,	imparts	an	alloy	configuration	since	it	improves	resistance	to	pitting	and	crevice	corrosion.	The	addition	of	nickel	and	nitrogen	in	the	austenitic	phase
tends	to	reduce	the	overall	ductility	and	impact	strength	of	the	material,	propitiating	the	interphase	interplay,	thus	ensuring	good	weldability	and	reducing	the	chances	of	hot	cracks	during	fabrication.	Commonly	found	fractions	of	duplex	stainless	steel	are	22-25%	chromium,	4-7%	nickel,	1-4%	molybdenum,	with	lesser	quantities	of	nitrogen.	All	these
allow	for	its	superior	mechanical	and	corrosion-resisting	properties.	Tubulars’	bonds	in	duplex	stainless	steel	tend	to	range	at	least	two	folds	their	austenitic	distinct	like	Type	304	or	316,	while	increasing	yield	strength.	This	makes	it	particularly	useful	structurally	in	seawater	and	chemical	process	plants,	while	the	oil	and	gas	industries	are	relying	on
it.	Chemical	composition	differences	between	duplex	and	conventional	stainless	steel	The	different	properties	of	duplex	steel	and	conventional	austenitic	stainless	steels	are	derived	from	their	unique	chemical	compositions.	Duplex	stainless	steel	will	always	have	some	amount	of	austenite	and	ferrite	in	its	micro-structure.	This	can	be	achieved	by
controlling	the	amount	of	chromium	(19-28%),	nickel	(4.5-8%),	molybdenum	(up	to	5%),	and	nitrogen	(up	to	0.3%)	present.	Adding	molybdenum	and	nitrogen	greatly	improves	pitting	and	crevice	corrosion	resistance,	especially	in	chloride	rich	areas.	However,	conventional	stainless	steels	such	as	Type	304	and	Type	316	have	higher	amounts	of	nickel
(8-11%	in	Type	304	and	10-14%	in	Type	316)	and	lower	amounts	of	chromium	(18-20%	in	Type	304	and	16-18%	in	Type	316).	Type	316	contains	molybdenum	(2-3%)	for	greater	corrosion	resistance,	but	unlike	duplex	grades,	it	lacks	structural	and	mechanical	strength	because	of	no	ferrite.	In	addition,	the	lower	nickel	composition	of	duplex	stainless
steel	makes	it	economical,	particularly	when	there	is	volatility	in	the	prices	of	nickel.	On	the	other	hand,	the	higher	molybdenum	and	nitrogen	content	of	duplex	grades	makes	it	more	applicable	to	severe	conditions	where	additional	strength	and	corrosion	resistance	are	critical.	This	difference	in	composition	allows	duplex	stainless	steel	to	achieve	a
combination	of	efficiency	and	performance	that	most	stainless	steels	cannot	attain	for	challenging	applications.	How	duplex	steel	combines	properties	of	different	stainless	steel	types	The	properties	of	austenitic	and	ferritic	stainless	steels	come	together	to	form	duplex	stainless	steel,	which	gives	it	additional	qualities.	Its	dual-phase	microstructure
consists	of	“equal”	halves	of	each	type,	giving	it	better	mechanical	and	physical	properties.	Duplex	stainless	steels	are	stronger	than	traditional	stainless	steels	by	almost	2x,	which	increases	their	durability	while	allowing	for	lighter	and	more	economical	designs.	Stress-corrosion	cracking,	pitting,	and	crevice	corrosion	are	forms	of	corrosion	that
duplex	stainless	steels	are	able	to	resist	significantly	due	to	their	high	chromium	content	(typically	18%-28%)	as	well	as	moderate	amounts	of	nickel.	For	example,	offshore	oil	and	gas	platforms	make	use	of	duplex	grades	like	2205	(UNS	S32205)	because	of	their	high	resistance	to	chloride	corrosion.	Economic	applications	towards	the	changing	nickel
market	are	enabled	by	the	lower	nickel	content	duplex	stainless	steels	hold	in	comparison	to	austenitic	ones.	These	steels	also	perform	exceptionally	well	in	high-pressure	environments	owing	to	their	high	tensile	and	yield	strength.	Desalination	plants	and	bridges	are	some	of	the	structures	that	rely	on	advancements	in	metallurgy	for	resistant
frameworks.	Modern	duplex	grades,	or	lean	duplex	and	super	duplex,	are	engineered	specifically	for	these	challenging	applications,	along	with	chemical	processing	equipment.	How	does	corrosion	resistance	compare	between	duplex	stainless	steel	and	conventional	stainless	steel?	How	does	corrosion	resistance	compare	between	duplex	stainless
steel	and	conventional	stainless	steel	When	comparing	duplex	stainless	steel	with	conventional	stainless	steel,	duplex	offers	greater	corrosion	resistance.	Its	dual-phase	structure	specifically	gives	it	better	resistance	to	stress	corrosion	cracking	and	pitting	in	highly	chloride	rich	environments.	This	makes	it	more	practical	for	applications	in	harsh
marine	and	chemical	industry	environments	where	greater	durability	is	needed.	Superior	pit	corrosion	resistance	in	duplex	grades	Duplex	stainless	steel	is	known	for	facing	pitting	corrosion,	especially	in	high	salinity	and	chloride	environments.	Pi,t	damages,	and	chlorides	and	salinity	can	be	dangerous	to	Duplex	stainless	steels.	This	increase	in
protection	is	due	to	the	presence	of	both	austenitic	and	ferritic	microstructures.	For	instance,	both	duplex	and	super-duplex	grades	2205	and	2507,	respectively,	possess	high	pitting	resistance	equivalent	numbers	(PREN),	which	is	a	measure	of	corrosion	resistance.	Duplex	stainless	steel	is	known	to	have	a	PREN	value	ranging	from	35	to	40,	while
super	duplex	grades	are	known	to	surpass	40.	The	high	resistance	to	localized	corrosion	is	due	the	the	above	values.	There	are	also	other	factors	at	play,	like	the	high	content	of	chromium,	molybdenum,	and	nitrogen.	All	of	them	combined	increase	its	resistance	to	aggressive	corrosive	agents.	Due	to	the	factors	mentioned	above,	corrosion-resistant
alloy	has	become	quite	popular	with	offshore	platforms	as	well	as	with	desalination	plants	and	in	chemical	processing	industries.	Compared	to	316L	which	is	an	austenitic	steel,	duplex	grades	of	have	lower	exposure	and	maintenance	cost	which	is	more	economiacally	and	sustainablly	useful	to	tough	industrial	tasks.	Longer	durability	means	that
structures	do	not	move	or	break	with	force	over	long	periods.	As	a	result,	components	stay	maintenance	free	and	easy	to	use	withstand	exposure	to	prolonged	stress.	The	role	of	chromium	and	molybdenum	in	corrosion	protection	The	corrosion	resistance	of	stainless	steels,	especially	in	extreme	chemically	aggressive	conditions,	is	greatly	enhanced	by
chromium	and	molybdenum.	Steel	is	protected	because	chromium,	as	an	alloying	element,	combines	with	oxygen,	yielding	a	self-repairing	chrome	oxide	layer	that	is	thin,	stable,	and	also	heals	itself.	It	decays	to	further	destroy	oxygen	entry,	yielding	oxidation	and	corrosion.	Stainless	steels	need,	at	the	least,	10.5%	chromium	to	ensure	the
sustainability	of	the	passive	layer	along	with	proper	functioning.	Molybdenum	is	significantly	useful	too.	It	increases,	to	a	larger	extent,	the	resistance	against	pitting	and	crevice	corrosion,	yielding	localized	corrosion.	These	characteristics	are	crucial	in	forage	containing	chlorides	like	salt	water,	of	industrial	processes	containing	a	lot	of	salts.	316L
grades	include	roughly	2-3%	molybdenum,	which	enhances	resistance	to	pitting,	yielding	lower	alloyed	grades.	Duplex	stainless	steels	offer	greater	resistance	and	mechanical	properties	because	they	combine	more	chromium,	around	22	to	25%,	and	3-4%	molybdenum.	They	are	suitable	for	use	in	things	like	chemical	plants	and	offshore	platforms.
Chromium	and	molybdenum,	when	combined,	enhance	the	resistance	of	the	material	to	harsh	conditions	improving	the	longevity	of	the	equipment	and	infrastructure	while	lessening	the	expenses	incurred	in	maintenance.	Over	the	years,	with	progressing	metallurgical	techniques,	modern	alloys	have	tailored	solutions	for	different	industries	by
optimizing	these	elements	to	maximize	the	required	durability	and	reliability.	Galvanic	corrosion	between	stainless	steel	types	Galvanic	corrosion	happens	when	at	least	two	distinct	types	of	metal	contact	each	other	electrically	in	the	presence	of	an	electrolyte,	like	water	or	moisture.	When	stainless	steel	types	of	different	compositions	are	coupled,
the	chance	of	galvanic	corrosion	increases	when	towards	chlorides	or	other	aggressive	environments.	This	is	due	to	the	fact	that	the	difference	in	their	electrochemical	potentials	is	sufficiently	great	to	form	a	galvanic	cell,	which	causes	the	potential	corrosion	of	the	more	noble	metal	to	be	accelerated.	For	example,	while	coupling	304	And	316
stainless	steels,	it	is	observed	that	the	later	is	less	prone	to	corrosion	due	to	higher	molybdenum	content	while	304	acts	as	the	anodic	material	corroding	at	a	faster	rate.	Research	indicates	that	304	stainless	steel	subjected	to	such	galvanic	conditions	undergoes	much	higher	material	loss	than	would	be	the	case	if	similar	metals	were	used	under	the
same	conditions.	To	protect	against	galvanic	corrosion,	industries	tend	to	employ	protective	coatings,	barriers	of	electrical	insulation,	or	pick	combinations	of	metals	with	closer	electrochemical	potentials.	Evidence	shows	that	the	use	of	insulating	materials	placed	between	the	joints	of	stainless	steel	can	decrease	the	rate	of	corrosion	by	as	much	as	60
percent.	Furthermore,	regular	maintenance	and	use	of	corrosion	inhibitors	can	better	protect	equipment	and	infrastructure	from	galvanic	corrosion	in	aggressive	operating	environments.	What	are	the	different	grades	of	duplex	stainless	steel	compared	to	standard	stainless	steel?	What	are	the	different	grades	of	duplex	stainless	steel	compared	to
standard	stainless	steel?	As	with	other	alloys,	duplex	stainless	steels	are	grouped	into	different	families	with	specific	grades	based	on	their	composition	and	performance	characteristics.	The	most	distinguishable	features	relative	to	other	types	of	stainless	steel	are	their	increased	strength	and	enhanced	resistance	to	corrosion,	particularly	in	chloride-
containing	environments.	Some	common	grades	of	duplex	stainless	steel	are:	These	grades	surpass	the	strength	and	resistance	to	stress	corrosion	cracking	for	standard	austenitic	stainless	steels	like	304	and	316,	making	them	particularly	suitable	for	very	critical	applications.	Standard	duplex	grades	vs	304	stainless	steel	and	other	austenitic	grades
In	comparison	with	304	and	other	austenitic	grades,	duplex	stainless	steels	like	UNS	S32205	Stand	out	because	of	their	incredibly	high	strength,	toughness,	corrosion	resistance,	and	cost	effectiveness.	Duplex	steels	exhibit	close	to	2	times	the	yield	strength	of	304.	For	instance,	curl	and	duplex	steels	with	their	average	yield	strength	tend	to	be
around	450	MPa,	while	304	is	around	200	MPa.	This	implies,	indeed,	stronger	sectional	structures	could	be	formed	while	saving	on	materials	and	weight.	Corrosion	resistance	is	another	critical	area.	Standard	duplex	grades	restore	and	enhance	qualities	needed	to	withstand	both	external	and	internal	pressure.	Their	effectiveness	towards	stress
corrosion	cracking	SCC	strengthens	significantly	in	chloride-rich	regions	such	as	seawater	and	chemical	plants.	Moreover,	standard	duplex	grades	PREN,	which	correlatively	speaks	about	corrosion	resistance,	fetches	over	30,	while	304	stainless	steel	can	offer	around	19.	Thus,	duplex	can	outperform	in	harsh	conditions.	Looking	at	it	from	a	cost
perspective,	the	alloying	elements	economically	duplex	stainless	steels	seem	more	expensive	because	they	contain	more	chromium,	molybdenum,	and	nitrogen.	However,	the	increased	operational	life	of	the	duplex	steels	often	makes	them	more	economical	over	the	lifecycle	of	a	project	because	of	their	durability.	This	unique	combination	of	strength,
durability,	and	resistance	to	corrosion	makes	duplex	grades	highly	suitable	for	oil	and	gas	industries,	desalination,	and	chemical	processing,	where	austenitic	grades	are	low	performing.	Super	duplex	stainless	steel	grades	and	their	unique	properties	Recognition	of	Super	Duplex	Stainless	Steel	grades	stems	from	having	the	best	balance	of	mechanical
strength	and	corrosion	resistance	which	makes	them	appropriate	for	many	tough	industries.	Its	alloys	are	known	to	have	Chromium	and	Molybdenum	in	high	amounts	and	Nitrogen	which	are	24-26%,	3-5%.	These	elements	also	enhance	the	alloys	resistance	to	pitting	and	crevice	corrosion,	particularly	in	chloride-rich	environments.	As
aforementioned,	SDSS	has	many	useful	properties.	One	of	its	most	outstanding	would	be	the	yield	strength	which	greatly	surpasses	that	of	austenitic	stainless	steels	such	as	316	or	304.	For	example,	SDSS	UNS	S32750	and	S32760	have	a	yield	strength	of	550	Mpa	and	have	great	tensile	strength.	Such	strength	allows	designers	and	engineers	to
utilize	thinner	sections	of	materials	and	not	lose	structural	integrity.	This	proves	SDSS	to	be	cheaper	in	large	scale	projects.	Further,	super	duplex	grades	are	applicable	in	offshore	settings,	subsea	tools,	pressure	vessels,	and	heat	exchangers	since	they	possess	weldability,	toughness,	and	low	temperature	resilience.	Moreover,	empirical	tests	and
field	data	demonstrate	their	ability	to	withstand	stress	corrosion	cracking	as	well	as	seawater	corrosion,	which	prolongs	the	operational	life	of	components	under	harsh	conditions.	For	instance,	their	application	in	desalination	systems	underlines	their	capability	to	withstand	extreme	conditions	within	saline	water	without	erosion.	In	situations	where
strength,	resistance	to	corrosion,	and	economic	cost	efficiency	are	important,	super	duplex	stainless	steels	become	essential	in	forming	materials	needed	because	reliability	and	durability	are	critical.	Lean	duplex:	the	economical	alternative	to	conventional	austenitic	stainless	steel	alloys	Lean	duplex	stainless	steels	are	the	go-to	alloys	for	accidentally
or	purposefully	misclassifying	steels	in	economic	sectors	where	stainless	steels	are	not	typically	needed	or	utilized.	These	Duplex	Alloys	are	an	economical	option	for	industries	that	seek	performance	without	breaking	the	bank.	They	have	been	developed	with	a	leaner	Duplex	and	Austenitic	stoichiometry,	which	means	they	have	less	Nickel,
Molybdenum,	and	added	cheaper	materials,	allowing	them	to	have	a	corrosion	resistance	sufficient	for	a	plethora	of	applications.	These	alloys	accomplish	their	goals	by	adding	greater	strength	that	roughly	doubles	that	of	austenitic	stainless	steels.	This	gives	the	alloy	the	benefit	of	being	thinner	and	lighter	while	retaining	structural	integrity.	This
provides	great	material	savings	for	large-scale	construction	and	equipment	manufacturing.	An	example	of	this	would	be	the	lean	duplex	grades	like	UNS	S32101	(LDX	2101),	which	has	an	envied	yield	strength	of	450MPa,	making	it	actively	used	as	structural	reinforcements	and	storage	tanks.	At	the	same	time,	Lean	duplex	stainless	steels	have	great
resistance	to	localized	corrosion,	pitting,	and	crevice	corrosion,	specifically	for	moderate	Element	of	Chlorine	content.	Coupled	with	their	great	mechanical	properties	and	weldability	makes	these	alloys	a	favorite	among	the	chemical	processing,	water	treatment,	architectural,	and	construction	industries.	In	conclusion	Lean	duplex	stainless	steels	are
an	sustainable	and	economic	solution	that	help	provide	reliability	to	aid	in	an	ever,	economical	demanding	application.	How	do	mechanical	properties	differ	between	duplex	and	austenitic	stainless	steel?	How	do	mechanical	properties	differ	between	duplex	and	austenitic	stainless	steel	Duplex	stainless	steel	typically	possesses	greater	strength	than
austenitic	stainless	steel,	approximately	double	in	yield	strength.	Consequently,	duplex	stainless	steel	can	be	used	for	more	durable	applications	that	resist	deformation	under	stress.	Moreover,	duplex	stainless	steel	is	superior	to	austenitic	stainless	steel	in	regards	to	stress	corrosion	cracking	resistance	as	well,	particularly	in	chloride-rich
environments.	Nonetheless,	austenitic	stainless	steel	is	more	ductile	while	being	easier	to	formed,	cut,	or	welded,	thus	making	it	more	suitable	for	complex-shaping	applications.	Strength	advantages	of	duplex	stainless	steel	material	The	mixed	microstructure	of	austenite	and	ferrite	found	in	duplex	stainless	steel	gives	it	greater	strength	relative	to
austenitic	stainless	steel.	The	increased	strength	allows	the	use	of	thinner	materials	in	structural	applications,	which	reduces	weight,	cost,	and	performance.	Impact	of	nickel	content	on	properties	of	different	stainless	steel	types	Nickel	is	essential	in	determining	the	characteristics	of	many	types	of	stainless	steel.	It	is	added	mainly	for	improved
corrosion	resistance	and	to	increase	the	ductility.	For	example,	nickel	is	added	to	austenitic	stainless	steels	in	the	range	of	8%	to	12%,	which	enables	their	remarkable	toughness	and	resistance	to	extreme	temperatures.	In	marine	and	chemical	processing	industries,	nickel	containing	stainless	steel	is	useful	due	to	its	increased	resistance	against
stress	corrosion	cracking	and	pitting	in	chloride	rich	environments.	On	the	other	hand,	ferritic	stainless	steels	have	low	nickel	content,	usually	less	than	2%.	This	lowers	the	cost	of	these	steels	but	offers	inflexible	corrosion	resistance	when	compared	to	austenitic	grades.	Research	suggests	that	an	increase	in	nickel	content	improves	the	metallic
stability	of	the	stainless	steel.	For	example,	duplex	stainless	steels	are	composed	of	ferritic	and	austenitic	phases	and	therefore	possess	moderate	amounts	of	nickel	which	range	from	4%	to	7%.	Their	strength,	toughness	and	corrosion	resistance	make	them	ideal	for	the	oil	and	gas	industries	that	demand	durable	materials	due	to	the	harsh	working
conditions.	When	should	you	choose	duplex	or	super	duplex	over	standard	stainless	steel?	When	should	you	choose	duplex	or	super	duplex	over	standard	stainless	steel?	Opt	for	duplex	and	super	duplex	stainless	steels	over	standard	stainless	steel	when	additional	strength,	superior	corrosion	resistance,	or	better	performance	in	highly	aggressive
conditions	is	necessary.	These	grades	of	steel	are	suitable	for	harsh	working	environments	such	as	oil	and	gas	extraction,	chemical	processing,	or	marine	industries	because	of	their	resistance	to	high	chloride	and	extreme	pressure.	Their	enhanced	properties	enable	the	use	of	thinner	materials,	and	the	strength	provided	allows	for	reduced	overall
material	usage,	thus	increasing	cost-effectiveness.	Applications	where	duplex	and	super	duplex	stainless	steel	excel	This	shows	how	well	duplex	and	super	duplex	stainless	steels	perform	under	remarkably	competitive	conditions,	which	illustrates	their	versatility	and	reliability.	Cost	considerations:	duplex	stainless	steel	vs	conventional	austenitic
stainless	steel	When	considering	the	construction	of	duplex	stainless	steel	versus	austenitic	stainless	steel,	it	is	important	to	note	that	both	options	come	with	their	advantages	and	disadvantages.	Undoubtedly,	the	material	cost	of	duplex	stainless	steel	is	going	to	be	more	expensive;	however,	with	its	unparalleled	corrosion	resistant	characteristics,
duplex	stainless	steel	can	save	a	lot	of	money	during	application	over	the	years.	Since	duplex	stainless	steel	is	much	stronger,	certain	designs	can	use	thinner	materials	without	compromising	on	strength.	For	instance,	structures	that	have	a	high	load-bearing	or	pressure	resistant	performance	can	reduce	material	thickness	which	decreases	the	overall
weight	and	expenses.	Some	studies	suggest	that	compared	to	austenitic	stainless	steel,	duplex	stainless	steel	has	the	ability	to	lower	material	usage	by	almost	30%.	Moreover,	performing	maintenance	and	upkeep	in	places	like	chemical	processing	or	the	marine	industry	is	costly.	With	units	such	as	these,	duplex	grades	are	a	better	option	since	they
have	greater	corrosion	resistance,	which	reduces	monthly	upkeep.	Other	types,	such	as	austenitic	stainless	steel	304	or	316,	do	not	have	as	high	corrosion	resistance,	which	means	they	will	need	to	be	replaced	much	more	often	than	desired,	thereby	increasing	overall	spending	in	the	long	run.	The	cost	of	buying	alloying	elements	impacts	pricing	quite
a	bit	as	well.	For	example,	compared	to	the	expensive	austenitic	grades,	duplex	stainless	steels	contain	lower	amounts	of	nickel	and	molybdenum.	Its	pricing	is	more	stable	in	markets	where	the	cost	of	these	elements	fluctuates.	This	is	beneficial	when	budgeting	for	large-scale	projects.	When	evaluating	initial	expenses	alongside	savings	during	the
lifecycle,	duplex	stainless	steels	tend	to	be	overwhelmingly	beneficial	for	industries	working	under	harsh	conditions.	Welding	duplex	and	super	duplex	compared	to	standard	stainless	steel	Advantages	and	challenges	emerge	when	welding	duplex	and	super	duplex	stainless	steels	compared	to	austenitic	stainless	steels.	Duplex	steels	comprise	a	two-
phase	microstructure	consisting	of	austenite	and	ferrite,	which	must	be	balanced	very	carefully	during	welding	in	order	not	to	lose	their	mechanical	properties	and	resistance	to	corrosion.	When	welding	duplex	and	super	duplex,	heat	input	control	is	crucial	as	they	contain	more	than	one	phase.	Excessive	heat	input	could	lead	to	brittle	intermetallic
phase	formation,	such	as	decreased	corrosion	resistance,	toughness,	and	sigma	phase.	In	order	to	avoid	the	formation	of	such	phases,	a	certain	rate	of	cooling	is	also	required.	Preheating	is	not	required	in	most	cases,	though	post-weld	heat	treatment	is	sometimes	needed	to	achieve	desired	material	properties,	depending	on	the	application	and
thickness	of	the	parts	being	welded.	Compared	to	other	stainless	steels,	standard	weldable	stainless	steels	have	more	straightforward	weldability	due	to	their	austenitic	microstructure.	Weldable	austenitic	stainless	steels	are	more	ductile,	easily	welded,	and	experience	less	cracking.	But	as	compared	to	duplex	and	super	duplex	grades,	they	tend	to
lack	optimal	strength,	stress	corrosion	cracking	resistance,	and	toughness.	As	noted	in	recent	technological	reports,	duplex	stainless	steel	grades	typically	have	a	tensile	strength	around	620	MPa	(90	ksi),	while	super	duplex	grades	may	surpass	800	MPa	(116	ksi).	Standard	austenitic	stainless	steel	types	like	304/L	and	316/L	are	noted	to	have	lower
tensile	strengths,	approximately	485	MPa	(70	ksi).	Furthermore,	the	greater	resistance	to	pitting	attack	of	duplex	and	super	duplex	materials,	as	demonstrated	by	their	Pitting	Resistance	Equivalent	Number	(PREN)	values,	is	an	added	advantage	in	chloride-rich	environments.	For	welding	duplex	and	super	duplex	steels,	specialized	filler	metals	of
matching	or	higher	alloy	content	are	often	used	to	maintain	the	correct	balance	of	ferrite	and	austenite.	Equal	attention	to	workmanship,	such	as	ensuring	proper	joint	surface	preparation	and	cleanliness,	must	also	be	given	for	achieving	high	quality	welds.	The	challenges	not	withstanding,	the	advantages	of	welding	duplex	and	super	duplex	stainless
steels	is	making	them	more	and	more	popular	for	high	performance	offshore	oil	and	gas,	marine,	and	chemical	processing	industries.	Ensuring	proper	instruction	and	following	best	practices	is	crucial	to	maintain	the	performance	and	durability	of	welded	components	made	from	these	materials.	What	makes	super	duplex	stainless	steel	different	from
standard	duplex	steel?	What	makes	super	duplex	stainless	steel	different	from	standard	duplex	steel	The	super	duplex	stainless	steel	differs	from	standard	duplex	steel	mainly	in	its	mechanical	properties	and	corrosion	resistance.	This	grade	contains	higher	amounts	of	chromium,	molybdenum,	and	nitrogen,	which	aid	in	providing	strength	along	with
the	ability	to	withstand	highly	corrosive	environments.	Hence,	super	duplex	stainless	steel	is	more	suitable	for	demanding	applications	that	include	extreme	pressure	as	well	as	exposure	to	aggressive	chemicals.	Apart	from	that,	it	also	offers	better	resistance	against	pitting	and	crevice	corrosion	when	compared	to	standard	duplex	steel.	Chemical
composition	differences	in	super	duplex	steel	Depending	on	the	content	of	austenite	and	ferrite,	super	duplex	stainless	steel	derives	its	name	from	a	balanced	microstructure.	Usually,	chromium	content	increases	from	24%	to	26%,	augmenting	the	ability	to	withstand	corrosion,	more	so	in	exceptionally	tough	conditions.	Pitting	and	crevice	corrosion
resistance	is	greatly	enhanced	due	to	molybdenum	content,	which	typically	ranges	between	3%	and	5%.	Additionally,	super	duplex	steels	generally	contain	higher	amounts	of	nitrogen,	sometimes	more	than	0.2%,	which	makes	the	material	stronger	by	stabilizing	the	austenitic	phase	and	preventing	brittleness.	These	excellent	properties	can	also	be
attributed	to	nickel	(4%-7%),	manganese,	copper,	and	tungsten	along	with	carbon	in	small	quantities	which	increases	the	mechanical	traits	and	lifespan	of	the	steel.	Synergistically,	the	elements	improve	the	tensile	strength	of	the	steel,	surpassing	the	level	of	700	MPa,	and	makes	the	super	duplex	stainless	steel	more	efficient	for	oil	and	gas,	marine
application,	and	chemical	processing.	Such	demanding	conditions	make	the	precise	and	optimized	chemical	composition	of	super	duplex	stand	out	from	duplex	variants.	Enhanced	corrosion	resistance	of	super	duplex	grade	Super	duplex	stainless	steel	provides	excellent	corrosion	resistance	in	extreme	environments.	Its	high	content	of	chromium	(24
to	26%),	molybdenum	(3	to	4%),	and	nitrogen	gives	the	steel	superior	effectiveness	against	pitting	and	crevice	corrosion.	These	components	cooperatively	increase	the	efficiency	of	the	passive	layer	that	shields	the	steel	from	hostile	chemicals,	considerably	enhancing	its	overall	durability.	Compared	to	standard	stainless	steels,	super	duplex	grades
have	higher	resistance	in	chloride-rich	environments,	commonly	exhibiting	critical	pitting	temperature	(CPT)	above	50°C.	This	feature	makes	them	ideal	for	funds	for	seawater	handling	systems,	desalination	plants,	and	offshore	platforms.	In	addition,	due	to	the	low	levels	of	localized	corrosion,	stainless	super	duplex	steels	steadily	increase	in	value,
surpassing	40	pitting	resistance	equivalent	numbers	(PREN)	levels.	Their	exceptional	defense	against	stress	corrosion	cracking	alongside	uniform	corrosion	in	acidic	and	saline	environments,s	results	in	the	growing	popularity	of	super	duplex	materials	within	industries	characterized	by	demanding	operational	requirements.	22%Cr	duplex	vs	super
duplex	stainless	steel	grades	While	comparing	the	grade	pipes	made	of	22%	Cr	duplex	stainless	steel	to	super	duplex	stainless	steel,	it’s	clear	that	their	differences	arise	from	the	composition,	mechanical	properties,	and	the	amount	of	corrosion	they	resist.	For	instance,	22%Cr	duplex	stainless	steel	contains	11%	nickel,	3%	molybdenum,	along	with
approximately	22%	chromium,	which	gives	it	good	structure.	Moreover,	it	provides	moderate	resistance	to	pitting	and	crevice	corrosion	in	chlorinated	environments,	which	makes	it	useful	in	marine	structural	components,	water	treatment,	chemicals	processing	industry.	In	contrast,	super	duplex	stainless	steel	grades	like	2507	have	also	higher
Chromium	content	(approximately	25%	with	higher	molybdenum	~4%	and	nitrogen)	which	significantly	improves	their	resistance	to	aggressive	corrosive	environments.	Moreover,	super	duplex	grades	possess	higher	mechanical	properties,	with	elevated	tensile	and	yield	strength.	This	ensures	good	durability	in	more	challenging	offshore	oil	and	gas
applications,	heat	exchangers,	and	seawater	handling	systems.	Super	duplex	stainless	steels	are	also	shown	to	have	greater	resistance	to	chloride	stress	corrosion	cracking	while	exhibiting	higher	PREN	values,	often	above	40,	when	compared	to	22%	Cr	duplex	steels.	This	still	makes	them	more	suitable	for	highly	corrosive	and	demanding	conditions.
Their	increased	alloying	content	does	make	them	more	costly,	so	careful	consideration	is	necessary	for	budget-sensitive	projects.	Choosing	the	right	grade	stems	from	the	needs	of	the	application,	such	as	environmental	conditions,	alongside	financial	limitations.	Reference	Sources	Frequently	Asked	Questions	(FAQs)	Q:	What	is	the	main	difference
between	stainless	steel	and	duplex	stainless	steel?	A:	The	primary	difference	between	stainless	steel	and	duplex	stainless	steel	lies	in	their	microstructure.	Traditional	stainless	steel	typically	has	either	a	ferritic	or	austenitic	microstructure,	while	duplex	stainless	steel	contains	approximately	equal	proportions	of	both	ferritic	and	austenitic	phases.
This	dual-phase	structure	gives	duplex	stainless	steel	superior	strength	(about	twice	that	of	regular	austenitic	stainless	steel)	and	excellent	corrosion	resistance,	particularly	against	stress	corrosion	cracking.	Duplex	stainless	steels	are	highly	regarded	for	applications	requiring	a	combination	of	strength	and	corrosion	resistance	in	aggressive
environments.	Q:	What	are	the	differences	between	duplex	and	super	duplex	stainless	steel?	A:	The	difference	between	duplex	and	super	duplex	stainless	steel	primarily	relates	to	their	chemical	composition	and	corrosion	resistance.	Super	duplex	contains	higher	amounts	of	chromium,	molybdenum,	and	nitrogen	compared	to	regular	duplex	grades,
resulting	in	enhanced	corrosion	resistance	in	aggressive	environments.	While	standard	duplex	(like	2205)	has	a	Pitting	Resistance	Equivalent	Number	(PREN)	of	30-40,	super	duplex	grades	(like	2507)	have	a	PREN	exceeding	40.	Super	duplex	offers	superior	resistance	to	pitting,	crevice	corrosion,	and	stress	corrosion	cracking,	especially	in	high-
chloride	environments	such	as	seawater	applications,	making	it	suitable	for	more	demanding	conditions	than	standard	duplex.	Q:	What	are	the	main	classes	of	stainless	steel,	and	how	does	duplex	stainless	steel	fit	in?	A:	The	main	classes	of	stainless	steel	include	austenitic,	ferritic,	martensitic,	precipitation-hardening,	and	duplex	grades.	Austenitic
stainless	steels	(300	series)	contain	high	nickel	content	and	are	non-magnetic.	Ferritic	stainless	steels	(400	series)	are	magnetic	and	contain	little	or	no	nickel.	Martensitic	grades	offer	high	hardness	but	lower	corrosion	resistance.	Duplex	stainless	steel	represents	a	hybrid	category	that	combines	properties	of	both	ferritic	and	austenitic	stainless
steel,	offering	excellent	strength	and	corrosion	resistance.	The	family	of	stainless	steels	also	includes	more	specialized	variants	like	super	duplex	and	hyper	duplex	stainless	steels,	which	offer	enhanced	performance	in	extreme	environments.	Q:	What	corrosion	resistance	do	duplex	stainless	steels	offer	compared	to	other	grades?	A:	Duplex	stainless
steels	offer	exceptional	corrosion	resistance,	often	superior	to	standard	austenitic	grades	in	many	environments.	They	provide	excellent	resistance	to	stress	corrosion	cracking,	pitting,	and	crevice	corrosion,	particularly	in	chloride-containing	environments.	The	corrosion	resistance	of	duplex	stainless	steel	stems	from	its	high	chromium	content
(typically	22-25%)	and	the	addition	of	molybdenum	and	nitrogen.	For	instance,	2205	duplex	stainless	steel	(the	most	common	grade)	provides	significantly	better	resistance	to	chloride	attack	than	316L	austenitic	stainless	steel.	Super	duplex	grades	offer	even	higher	corrosion	resistance,	with	improved	performance	in	aggressive	media	like	seawater,
acids,	and	chloride-containing	processes.	Q:	What	are	the	common	duplex	stainless	steel	ASTM	grades	and	their	equivalents?	A:	Common	duplex	stainless	steel	ASTM	grades	include	UNS	S31803/S32205	(2205),	UNS	S32750	(2507),	UNS	S32760,	and	UNS	S32550.	The	2205	duplex	stainless	steel	equivalent	in	various	standards	includes	EN	1.4462,
ASTM	A240	S31803/S32205,	and	AISI	2205.	For	super	duplex,	2507	(UNS	S32750)	is	equivalent	to	EN	1.4410.	Different	duplex	steel	grades	are	categorized	based	on	their	corrosion	resistance	and	alloying	elements.	Lean	duplex	grades	like	S32101	and	S32304	contain	lower	nickel	content,	standard	duplex	like	2205	offers	balanced	properties,	and
super	duplex	grades	like	2507	provide	enhanced	corrosion	resistance.	Each	grade	has	specific	applications	based	on	the	required	strength,	corrosion	resistance,	and	cost	considerations.	Q:	How	do	duplex	stainless	steels	compare	to	austenitic	and	ferritic	grades	in	terms	of	properties?	A:	Duplex	stainless	steels	combine	the	best	properties	of	both
austenitic	and	ferritic	grades.	Compared	to	austenitic	stainless	steel,	duplex	grades	offer	approximately	twice	the	yield	strength,	better	resistance	to	stress	corrosion	cracking,	and	similar	or	better	general	corrosion	resistance.	Compared	to	ferritic	stainless	steel,	duplex	grades	provide	superior	toughness,	weldability,	and	corrosion	resistance.	Duplex
stainless	steels	are	typically	more	economical	than	high-nickel	austenitic	grades	due	to	lower	nickel	content	while	still	maintaining	excellent	corrosion	performance.	They	also	exhibit	better	thermal	conductivity	than	austenitic	grades	and	lower	thermal	expansion,	making	them	suitable	for	heat	exchangers	and	other	thermal	applications	where
dimensional	stability	is	important.	Q:	What	are	the	typical	applications	where	2205	duplex	stainless	steel	is	preferred?	A:	2205	duplex	stainless	steel	is	preferred	for	numerous	demanding	applications,	including	chemical	processing	equipment	(tanks,	vessels,	heat	exchangers),	oil	and	gas	transportation	(pipelines,	pressure	vessels),	pulp	and	paper
digesters,	desalination	plants,	and	seawater	handling	systems.	It’s	also	commonly	used	in	architectural	applications	requiring	high	strength	and	corrosion	resistance,	such	as	bridges	and	structural	components	in	coastal	environments.	The	food	and	beverage	industry	utilizes	2205	for	processing	equipment	handling	corrosive	ingredients.	Pollution
control	systems,	especially	those	dealing	with	flue	gas	desulfurization,	benefit	from	2205’s	resistance	to	sulfuric	acid	environments.	This	versatile	grade	represents	the	best	balance	of	properties	and	cost-effectiveness	among	duplex	steel	products	for	moderately	aggressive	environments.	Q:	What	are	the	most	common	questions	about	duplex	stainless
steel	material	grades	and	selection?	A:	Common	questions	about	duplex	stainless	steel	material	grades	include:	how	to	select	between	standard	duplex	and	super	duplex	based	on	application	requirements;	what	temperature	limitations	apply	to	different	duplex	grades;	how	to	ensure	proper	welding	procedures	for	maintaining	corrosion	resistance;
whether	duplex	stainless	steels	can	be	used	at	cryogenic	temperatures;	what	fabrication	challenges	might	be	encountered;	how	to	interpret	PREN	values	when	selecting	grades;	what	cost	differentials	exist	between	duplex	and	other	stainless	steels;	and	how	to	verify	proper	microstructure	after	fabrication.	The	selection	process	typically	involves
analyzing	the	corrosivity	of	the	environment,	mechanical	requirements,	fabrication	methods,	and	budgetary	constraints	to	determine	the	optimal	kind	of	stainless	steel	for	specific	applications.	Q:	How	are	hyper	duplex	stainless	steels	different	compared	to	regular	duplex	and	super	duplex?	A:	Hyper	duplex	stainless	steels	represent	the	most	highly
alloyed	and	corrosion-resistant	tier	in	the	duplex	family.	Compared	to	regular	duplex	and	super	duplex	grades,	hyper	duplex	stainless	steels	feature	significantly	higher	chromium,	molybdenum,	and	nitrogen	content,	resulting	in	a	PREN	value	exceeding	48	(versus	30-40	for	standard	duplex	and	40-48	for	super	duplex).	These	advanced	alloys	offer
exceptional	resistance	to	localized	corrosion	in	extremely	aggressive	environments	containing	high	concentrations	of	chlorides	and	acids,	particularly	at	elevated	temperatures.	Hyper	duplex	grades	maintain	the	balanced	austenitic-ferritic	microstructure	but	provide	enhanced	performance	in	the	most	demanding	offshore	oil	and	gas	applications,
chemical	processing	facilities,	and	geothermal	wells	where	even	super	duplex	materials	might	be	inadequate.
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