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Steel	is	one	of	the	most	widely	used	materials	in	modern	construction,	manufacturing,	and	countless	industries.	It	is	a	versatile	material	known	for	its	strength,	durability,	and	adaptability.	In	this	blog,	we	will	explore	the	composition,	properties,	types,	grades,	and	interesting	facts	about	steel,	along	with	detailed	information	that	will	help	you	understand	why	steel	plays	such	a	crucial	role	in	our	world	today.	Composition	of	Steel	Steel	is	an	alloy	primarily	made	up	of	iron	(Fe)	and	carbon	(C),	but	other	elements	are	added	to	enhance	specific	properties.	The
carbon	content	in	steel	usually	ranges	from	0.02%	to	2.1%,	and	the	rest	is	mostly	iron.	Here’s	a	closer	look	at	the	elements	that	make	up	steel:	Iron	(Fe):	Iron	forms	the	base	of	steel	and	gives	it	its	overall	strength	and	mass.	Pure	iron,	however,	is	too	soft	for	most	applications,	which	is	why	carbon	is	added	to	create	steel.Carbon	(C):	Carbon	is	the	key	element	that	strengthens	steel	by	forming	a	bond	with	iron.	The	higher	the	carbon	content,	the	harder	and	stronger	the	steel	becomes,	but	it	also	becomes	more	brittle.Other	Alloying	Elements:Chromium	(Cr):
Adds	corrosion	resistance,	and	steel	with	at	least	10.5%	chromium	is	known	as	stainless	steel.Nickel	(Ni):	Improves	toughness,	resistance	to	corrosion,	and	is	essential	in	high-quality	stainless	steels.Manganese	(Mn):	Helps	in	the	deoxidation	process	and	increases	toughness,	wear	resistance,	and	hardenability.Molybdenum	(Mo):	Improves	hardness,	strength,	and	corrosion	resistance,	especially	in	higher	temperatures.Vanadium	(V):	Enhances	strength,	toughness,	and	resistance	to	wear.	Properties	of	Steel	Steel	possesses	several	key	properties	that	make	it
ideal	for	a	wide	range	of	applications.	Here	are	the	most	notable	properties	of	steel:	Strength:	Steel	is	known	for	its	high	tensile	strength,	meaning	it	can	withstand	significant	forces	without	breaking.	It	is	used	in	everything	from	bridges	to	car	frames	due	to	its	ability	to	carry	heavy	loads.Durability:	Steel	is	incredibly	durable	and	resistant	to	wear	and	tear.	Some	steel	grades,	such	as	stainless	steel,	are	also	resistant	to	corrosion,	making	them	suitable	for	outdoor	and	harsh	environments.Malleability	and	Ductility:	Steel	is	both	malleable	(can	be	shaped	without
breaking)	and	ductile	(can	be	drawn	into	wires),	which	makes	it	suitable	for	processes	like	forging,	rolling,	and	casting.Heat	Resistance:	High-alloy	steels	can	withstand	extreme	temperatures,	which	is	why	steel	is	used	in	the	aerospace,	automotive,	and	manufacturing	sectors	for	high-temperature	environments.Magnetic	Properties:	Steel’s	magnetic	properties	depend	on	the	type	and	composition.	Carbon	steel	is	magnetic,	while	stainless	steel	(specifically	austenitic	stainless	steel)	is	typically	non-magnetic.	Types	of	Steel	Steel	is	categorized	into	several	types
based	on	its	chemical	composition	and	intended	applications.	These	types	are	further	classified	into	various	subcategories:	Carbon	Steel:Low	Carbon	Steel:	Contains	up	to	0.3%	carbon.	It’s	soft	and	easy	to	form,	making	it	ideal	for	structural	applications	and	manufacturing	products	like	automotive	body	panels.Medium	Carbon	Steel:	Contains	0.3%	to	0.6%	carbon,	providing	greater	strength	and	hardness.	This	type	is	used	in	machinery,	tools,	and	automotive	parts	like	gears	and	axles.High	Carbon	Steel:	With	more	than	0.6%	carbon,	this	steel	is	very	hard	but
brittle,	making	it	suitable	for	cutting	tools,	knives,	and	other	high-wear	applications.Alloy	Steel:These	steels	have	additional	alloying	elements	like	chromium,	nickel,	and	molybdenum	to	improve	properties	such	as	strength,	toughness,	corrosion	resistance,	and	wear	resistance.	Alloy	steels	are	widely	used	in	machinery,	manufacturing,	and	high-stress	applications.Stainless	Steel:Stainless	steel	is	known	for	its	corrosion	resistance,	attributed	to	the	addition	of	chromium	(at	least	10.5%).	It	is	widely	used	in	applications	where	hygiene	and	rust	resistance	are
crucial,	such	as	in	kitchen	appliances,	medical	instruments,	and	food	processing.There	are	several	types	of	stainless	steel,	including:Austenitic	Stainless	Steel:	Non-magnetic,	highly	resistant	to	corrosion	(e.g.,	304,	316	grades).Martensitic	Stainless	Steel:	Magnetic,	used	in	applications	that	require	high	strength	and	hardness	(e.g.,	410	grade).Ferritic	Stainless	Steel:	Magnetic	and	resistant	to	corrosion	but	not	as	strong	as	austenitic	steel	(e.g.,	430	grade).Tool	Steel:Tool	steels	are	specifically	formulated	for	making	tools	and	are	known	for	their	hardness	and
wear	resistance.	Common	types	include	high-speed	steel	(HSS),	cold-work	tool	steel,	and	hot-work	tool	steel,	used	in	industries	like	metalworking,	manufacturing,	and	aerospace.Specialty	Steels:These	steels	are	designed	for	very	specific	applications,	such	as	maraging	steel,	which	is	used	in	aerospace	for	its	high	strength,	or	high-carbon	steels	used	for	cutting	tools.	Specialty	steels	have	a	high-performance	profile	and	are	often	expensive	to	produce.	Grades	of	Steel	Steel	grades	determine	the	specific	chemical	composition	and	mechanical	properties	of	the
material,	making	it	suitable	for	different	industrial	applications.	Common	steel	grades	include:	Grade	304	stainless	steel:	Widely	used	in	the	food	industry,	medical	devices,	and	kitchens	due	to	its	corrosion	resistance	and	durability.Grade	316	stainless	steel:	Contains	more	nickel	and	molybdenum	than	304,	providing	improved	resistance	to	corrosion	in	marine	environments.Grade	4130	Alloy	Steel:	Known	as	chromoly	steel,	this	is	used	in	applications	like	aircraft	components,	automotive	parts,	and	sporting	equipment.Grade	1045	Carbon	Steel:	A	medium-
carbon	steel	with	good	wear	resistance,	commonly	used	in	automotive	and	heavy	machinery	components.Grade	1018	Carbon	Steel:	A	low-carbon	steel	with	excellent	weldability,	often	used	in	structural	applications	and	parts	that	require	low	strength	and	toughness.	Interesting	Facts	About	Steel	The	Strongest	Steel:	The	strongest	steel	is	maraging	steel,	which	can	have	a	tensile	strength	of	up	to	3,000	MPa	(megapascals)	and	is	used	in	high-performance	applications	like	aerospace.Steel	Recycling:	Steel	is	one	of	the	most	recycled	materials	globally,	with	more
than	60%	of	steel	being	recycled.	This	makes	steel	a	sustainable	material,	reducing	the	environmental	impact	of	manufacturing.The	First	Steel	Production:	Steel	dates	back	over	4,000	years,	with	the	Hittites	of	Anatolia	(modern-day	Turkey)	being	the	first	to	produce	steel	around	1400	BC.	They	used	a	process	similar	to	the	modern-day	bloomery	process.Global	Steel	Production:	China	is	the	world’s	largest	producer	of	steel,	followed	by	India,	Japan,	and	the	United	States.	China	accounts	for	about	half	of	the	world’s	total	steel	production.Steel’s	Versatility:	Steel
is	used	in	countless	applications—from	construction	(buildings,	bridges,	and	highways)	to	manufacturing	(machines,	vehicles,	and	tools),	medical	equipment,	appliances,	and	even	art	sculptures.	Conclusion	Steel	is	an	incredibly	versatile	material	that	has	revolutionized	industries	for	centuries.	Its	composition	can	be	tailored	to	meet	specific	needs,	offering	a	range	of	properties	from	strength	and	durability	to	heat	and	corrosion	resistance.	Whether	used	in	construction,	transportation,	manufacturing,	or	technology,	steel	remains	one	of	the	most	important
materials	in	the	world	today.	Understanding	the	types,	grades,	and	properties	of	steel	can	help	businesses	and	industries	select	the	right	kind	of	steel	for	their	projects,	ensuring	performance,	safety,	and	longevity.4o	mini	For	other	uses,	see	Steel	(disambiguation).	"Steel	worker"	redirects	here.	For	other	uses,	see	Steel	worker	(disambiguation).	Steel	is	an	alloy	of	iron	and	carbon	that	demonstrates	improved	mechanical	properties	compared	to	the	pure	form	of	iron.	Due	to	steel's	high	elastic	modulus,	yield	strength,	fracture	strength	and	low	raw	material	cost,
steel	is	one	of	the	most	commonly	manufactured	materials	in	the	world.	Steel	is	used	in	structures	(as	concrete	reinforcing	rods),	in	bridges,	infrastructure,	tools,	ships,	trains,	cars,	bicycles,	machines,	electrical	appliances,	furniture,	and	weapons.	Iron	is	always	the	main	element	in	steel,	but	other	elements	are	used	to	produce	various	grades	of	steel	demonstrating	altered	material,	mechanical,	and	microstructural	properties.	Stainless	steels,	for	example,	typically	contain	18%	chromium	and	exhibit	improved	corrosion	and	oxidation	resistance	versus	its
carbon	steel	counterpart.	Under	atmospheric	pressures,	steels	generally	take	on	two	crystalline	forms:	body-centered	cubic	and	face-centered	cubic,	however	depending	on	the	thermal	history	and	alloying,	the	microstructure	may	contain	the	distorted	martensite	phase	or	the	carbon-rich	cementite	phase,	which	are	tetragonal	and	orthorhombic,	respectively.	In	the	case	of	alloyed	iron,	the	strengthening	is	primarily	due	to	the	introduction	of	carbon	in	the	primarily-iron	lattice	inhibiting	deformation	under	mechanical	stress.	Alloying	may	also	induce	additional
phases	that	affect	the	mechanical	properties.	In	most	cases,	the	engineered	mechanical	properties	are	at	the	expense	of	the	ductility	and	elongation	of	the	pure	iron	state,	which	decrease	upon	the	addition	of	carbon.	Steel	was	produced	in	bloomery	furnaces	for	thousands	of	years,	but	its	large-scale,	industrial	use	began	only	after	more	efficient	production	methods	were	devised	in	the	17th	century,	with	the	introduction	of	the	blast	furnace	and	production	of	crucible	steel.	This	was	followed	by	the	Bessemer	process	in	England	in	the	mid-19th	century,	and	then
by	the	open-hearth	furnace.	With	the	invention	of	the	Bessemer	process,	a	new	era	of	mass-produced	steel	began.	Mild	steel	replaced	wrought	iron.	The	German	states	were	the	major	steel	producers	in	Europe	in	the	19th	century.[1]	American	steel	production	was	centred	in	Pittsburgh;	Bethlehem,	Pennsylvania;	and	Cleveland	until	the	late	20th	century.	Currently,	world	steel	production	is	centered	in	China,	which	produced	54%	of	the	world's	steel	in	2023.	Further	refinements	in	the	process,	such	as	basic	oxygen	steelmaking	(BOS),	largely	replaced	earlier
methods	by	further	lowering	the	cost	of	production	and	increasing	the	quality	of	the	final	product.	Today	more	than	1.6	billion	tons	of	steel	is	produced	annually.	Modern	steel	is	generally	identified	by	various	grades	defined	by	assorted	standards	organizations.	The	modern	steel	industry	is	one	of	the	largest	manufacturing	industries	in	the	world,	but	also	one	of	the	most	energy	and	greenhouse	gas	emission	intense	industries,	contributing	8%	of	global	emissions.[2]	However,	steel	is	also	very	reusable:	it	is	one	of	the	world's	most-recycled	materials,	with	a
recycling	rate	of	over	60%	globally.[3]	See	also:	Steel	grades		Steel	cable	of	a	colliery	headframe	The	noun	steel	originates	from	the	Proto-Germanic	adjective	*stahliją	or	*stakhlijan	'made	of	steel',	which	is	related	to	*stahlaz	or	*stahliją	'standing	firm'.[4]	The	carbon	content	of	steel	is	between	0.02%	and	2.14%	by	weight	for	plain	carbon	steel	(iron-carbon	alloys).	Alloy	steel	is	steel	to	which	other	alloying	elements	have	been	intentionally	added	to	modify	the	characteristics	of	steel.	Common	alloying	elements	include:	manganese,	nickel,	chromium,
molybdenum,	boron,	titanium,	vanadium,	tungsten,	cobalt,	and	niobium.[5]	Additional	elements,	most	frequently	considered	undesirable,	are	also	important	in	steel:	phosphorus,	sulphur,	silicon,	and	traces	of	oxygen,	nitrogen,	and	copper.	Plain	iron-carbon	alloys	with	a	higher	than	2.1%	carbon	content	are	known	as	cast	iron.	With	modern	steelmaking	techniques	such	as	powder	metal	forming,	it	is	possible	to	make	very	high-carbon	(and	other	alloy	material)	steels,	but	such	are	not	common.	Cast	iron	is	not	malleable	even	when	hot,	but	it	can	be	formed	by
casting	as	it	has	a	lower	melting	point	than	steel	and	good	castability	properties.[5]	Certain	compositions	of	cast	iron,	while	retaining	the	economies	of	melting	and	casting,	can	be	heat	treated	after	casting	to	make	malleable	iron	or	ductile	iron	objects.	Steel	is	distinguishable	from	wrought	iron	(now	largely	obsolete),	which	may	contain	a	small	amount	of	carbon	but	large	amounts	of	slag.		An	iron-carbon	phase	diagram	showing	the	conditions	necessary	to	form	different	phases		An	incandescent	steel	workpiece	in	a	blacksmith's	art	Iron	is	commonly	found	in
the	Earth's	crust	in	the	form	of	an	ore,	usually	an	iron	oxide,	such	as	magnetite	or	hematite.	Iron	is	extracted	from	iron	ore	by	removing	the	oxygen	through	its	combination	with	a	preferred	chemical	partner	such	as	carbon	which	is	then	lost	to	the	atmosphere	as	carbon	dioxide.	This	process,	known	as	smelting,	was	first	applied	to	metals	with	lower	melting	points,	such	as	tin,	which	melts	at	about	250	°C	(482	°F),	and	copper,	which	melts	at	about	1,100	°C	(2,010	°F),	and	the	combination,	bronze,	which	has	a	melting	point	lower	than	1,083	°C	(1,981	°F).	In
comparison,	cast	iron	melts	at	about	1,375	°C	(2,507	°F).[6]	Small	quantities	of	iron	were	smelted	in	ancient	times,	in	the	solid-state,	by	heating	the	ore	in	a	charcoal	fire	and	then	welding	the	clumps	together	with	a	hammer	and	in	the	process	squeezing	out	the	impurities.	With	care,	the	carbon	content	could	be	controlled	by	moving	it	around	in	the	fire.	Unlike	copper	and	tin,	liquid	or	solid	iron	dissolves	carbon	quite	readily.[citation	needed]	All	of	these	temperatures	could	be	reached	with	ancient	methods	used	since	the	Bronze	Age.	Since	the	oxidation	rate	of
iron	increases	rapidly	beyond	800	°C	(1,470	°F),	it	is	important	that	smelting	take	place	in	a	low-oxygen	environment.	Smelting,	using	carbon	to	reduce	iron	oxides,	results	in	an	alloy	(pig	iron)	that	retains	too	much	carbon	to	be	called	steel.[6]	The	excess	carbon	and	other	impurities	are	removed	in	a	subsequent	step.[citation	needed]	Other	materials	are	often	added	to	the	iron/carbon	mixture	to	produce	steel	with	the	desired	properties.	Nickel	and	manganese	in	steel	add	to	its	tensile	strength	and	make	the	austenite	form	of	the	iron-carbon	solution	more
stable,	chromium	increases	hardness	and	melting	temperature,	and	vanadium	also	increases	hardness	while	making	it	less	prone	to	metal	fatigue.[7]	To	inhibit	corrosion,	at	least	11%	chromium	can	be	added	to	steel	so	that	a	hard	oxide	forms	on	the	metal	surface;	this	is	known	as	stainless	steel.	Tungsten	slows	the	formation	of	cementite,	keeping	carbon	in	the	iron	matrix	and	allowing	martensite	to	preferentially	form	at	slower	quench	rates,	resulting	in	high-speed	steel.	The	addition	of	lead	and	sulphur	decrease	grain	size,	thereby	making	the	steel	easier	to
turn,	but	also	more	brittle	and	prone	to	corrosion.	Such	alloys	are	nevertheless	frequently	used	for	components	such	as	nuts,	bolts,	and	washers	in	applications	where	toughness	and	corrosion	resistance	are	not	paramount.	For	the	most	part,	however,	p-block	elements	such	as	sulphur,	nitrogen,	phosphorus,	and	lead	are	considered	contaminants	that	make	steel	more	brittle	and	are	therefore	removed	from	steel	during	the	melting	processing.[7]		Fe-C	phase	diagram	for	carbon	steels,	showing	the	A0,	A1,	A2	and	A3	critical	temperatures	for	heat	treatments	The
density	of	steel	varies	based	on	the	alloying	constituents	but	usually	ranges	between	7,750	and	8,050	kg/m3	(484	and	503	lb/cu	ft),	or	7.75	and	8.05	g/cm3	(4.48	and	4.65	oz/cu	in).[8]	Even	in	a	narrow	range	of	concentrations	of	mixtures	of	carbon	and	iron	that	make	steel,	several	different	metallurgical	structures,	with	very	different	properties	can	form.	Understanding	such	properties	is	essential	to	making	quality	steel.	At	room	temperature,	the	most	stable	form	of	pure	iron	is	the	body-centred	cubic	(BCC)	structure	called	alpha	iron	or	α-iron.	It	is	a	fairly	soft
metal	that	can	dissolve	only	a	small	concentration	of	carbon,	no	more	than	0.005%	at	0	°C	(32	°F)	and	0.021	wt%	at	723	°C	(1,333	°F).	The	inclusion	of	carbon	in	alpha	iron	is	called	ferrite.	At	910	°C,	pure	iron	transforms	into	a	face-centred	cubic	(FCC)	structure,	called	gamma	iron	or	γ-iron.	The	inclusion	of	carbon	in	gamma	iron	is	called	austenite.	The	more	open	FCC	structure	of	austenite	can	dissolve	considerably	more	carbon,	as	much	as	2.1%,[9]	(38	times	that	of	ferrite)	carbon	at	1,148	°C	(2,098	°F),	which	reflects	the	upper	carbon	content	of	steel,
beyond	which	is	cast	iron.[10]	When	carbon	moves	out	of	solution	with	iron,	it	forms	a	very	hard,	but	brittle	material	called	cementite	(Fe3C).[citation	needed]	When	steels	with	exactly	0.8%	carbon	(known	as	a	eutectoid	steel),	are	cooled,	the	austenitic	phase	(FCC)	of	the	mixture	attempts	to	revert	to	the	ferrite	phase	(BCC).	The	carbon	no	longer	fits	within	the	FCC	austenite	structure,	resulting	in	an	excess	of	carbon.	One	way	for	carbon	to	leave	the	austenite	is	for	it	to	precipitate	out	of	solution	as	cementite,	leaving	behind	a	surrounding	phase	of	BCC	iron
called	ferrite	with	a	small	percentage	of	carbon	in	solution.	The	two,	cementite	and	ferrite,	precipitate	simultaneously	producing	a	layered	structure	called	pearlite,	named	for	its	resemblance	to	mother	of	pearl.	In	a	hypereutectoid	composition	(greater	than	0.8%	carbon),	the	carbon	will	first	precipitate	out	as	large	inclusions	of	cementite	at	the	austenite	grain	boundaries	until	the	percentage	of	carbon	in	the	grains	has	decreased	to	the	eutectoid	composition	(0.8%	carbon),	at	which	point	the	pearlite	structure	forms.	For	steels	that	have	less	than	0.8%	carbon
(hypoeutectoid),	ferrite	will	first	form	within	the	grains	until	the	remaining	composition	rises	to	0.8%	of	carbon,	at	which	point	the	pearlite	structure	will	form.	No	large	inclusions	of	cementite	will	form	at	the	boundaries	in	hypoeutectoid	steel.[11]	The	above	assumes	that	the	cooling	process	is	very	slow,	allowing	enough	time	for	the	carbon	to	migrate.[citation	needed]	As	the	rate	of	cooling	is	increased	the	carbon	will	have	less	time	to	migrate	to	form	carbide	at	the	grain	boundaries	but	will	have	increasingly	large	amounts	of	pearlite	of	a	finer	and	finer
structure	within	the	grains;	hence	the	carbide	is	more	widely	dispersed	and	acts	to	prevent	slip	of	defects	within	those	grains,	resulting	in	hardening	of	the	steel.	At	the	very	high	cooling	rates	produced	by	quenching,	the	carbon	has	no	time	to	migrate	but	is	locked	within	the	face-centred	austenite	and	forms	martensite.	Martensite	is	a	highly	strained	and	stressed,	supersaturated	form	of	carbon	and	iron	and	is	exceedingly	hard	but	brittle.	Depending	on	the	carbon	content,	the	martensitic	phase	takes	different	forms.	Below	0.2%	carbon,	it	takes	on	a	ferrite
BCC	crystal	form,	but	at	higher	carbon	content	it	takes	a	body-centred	tetragonal	(BCT)	structure.	There	is	no	thermal	activation	energy	for	the	transformation	from	austenite	to	martensite.[clarification	needed]	There	is	no	compositional	change,	so	the	atoms	generally	retain	their	same	neighbours.[12]	Martensite	has	a	lower	density	(it	expands	during	the	cooling)	than	does	austenite,	so	that	the	transformation	between	them	results	in	a	change	of	volume.	In	this	case,	expansion	occurs.	Internal	stresses	from	this	expansion	generally	take	the	form	of
compression	on	the	crystals	of	martensite	and	tension	on	the	remaining	ferrite,	with	a	fair	amount	of	shear	on	both	constituents.	If	quenching	is	done	improperly,	the	internal	stresses	can	cause	a	part	to	shatter	as	it	cools.	At	the	very	least,	they	cause	internal	work	hardening	and	other	microscopic	imperfections.	It	is	common	for	quench	cracks	to	form	when	steel	is	water	quenched,	although	they	may	not	always	be	visible.[13]	Main	article:	Heat	treating	There	are	many	types	of	heat	treating	processes	available	to	steel.	The	most	common	are	annealing,
quenching,	and	tempering.	Annealing	is	the	process	of	heating	the	steel	to	a	sufficiently	high	temperature	to	relieve	local	internal	stresses.	It	does	not	create	a	general	softening	of	the	product	but	only	locally	relieves	strains	and	stresses	locked	up	within	the	material.	Annealing	goes	through	three	phases:	recovery,	recrystallization,	and	grain	growth.	The	temperature	required	to	anneal	a	particular	steel	depends	on	the	type	of	annealing	to	be	achieved	and	the	alloying	constituents.[14]	Quenching	involves	heating	the	steel	to	create	the	austenite	phase	then
quenching	it	in	water	or	oil.	This	rapid	cooling	results	in	a	hard	but	brittle	martensitic	structure.[12]	The	steel	is	then	tempered,	which	is	just	a	specialized	type	of	annealing,	to	reduce	brittleness.	In	this	application	the	annealing	(tempering)	process	transforms	some	of	the	martensite	into	cementite,	or	spheroidite	and	hence	it	reduces	the	internal	stresses	and	defects.	The	result	is	a	more	ductile	and	fracture-resistant	steel.[15]	Main	article:	Steelmaking	See	also:	List	of	countries	by	steel	production		Iron	ore	pellets	used	in	the	production	of	steel	When	iron	is
smelted	from	its	ore,	it	contains	more	carbon	than	is	desirable.	To	become	steel,	it	must	be	reprocessed	to	reduce	the	carbon	to	the	correct	amount,	at	which	point	other	elements	can	be	added.	In	the	past,	steel	facilities	would	cast	the	raw	steel	product	into	ingots	which	would	be	stored	until	use	in	further	refinement	processes	that	resulted	in	the	finished	product.	In	modern	facilities,	the	initial	product	is	close	to	the	final	composition	and	is	continuously	cast	into	long	slabs,	cut	and	shaped	into	bars	and	extrusions	and	heat	treated	to	produce	a	final	product.
Today,	approximately	96%	of	steel	is	continuously	cast,	while	only	4%	is	produced	as	ingots.[16]	The	ingots	are	then	heated	in	a	soaking	pit	and	hot	rolled	into	slabs,	billets,	or	blooms.	Slabs	are	hot	or	cold	rolled	into	sheet	metal	or	plates.	Billets	are	hot	or	cold	rolled	into	bars,	rods,	and	wire.	Blooms	are	hot	or	cold	rolled	into	structural	steel,	such	as	I-beams	and	rails.	In	modern	steel	mills	these	processes	often	occur	in	one	assembly	line,	with	ore	coming	in	and	finished	steel	products	coming	out.[17]	Sometimes	after	a	steel's	final	rolling,	it	is	heat	treated	for
strength;	however,	this	is	relatively	rare.[18]	Main	articles:	History	of	ferrous	metallurgy	and	History	of	the	steel	industry	(1850–1970)		Bloomery	smelting	during	the	Middle	Ages	in	the	5th	to	15th	centuries	Steel	was	known	in	antiquity	and	was	produced	in	bloomeries	and	crucibles.[19][20]	The	earliest	known	production	of	steel	is	seen	in	pieces	of	ironware	excavated	from	an	archaeological	site	in	Anatolia	(Kaman-Kalehöyük)	which	are	nearly	4,000	years	old,	dating	from	1800	BC.[21][22]	Wootz	steel	was	developed	in	Southern	India	and	Sri	Lanka	in	the	1st
millennium	BCE.[20]	Metal	production	sites	in	Sri	Lanka	employed	wind	furnaces	driven	by	the	monsoon	winds,	capable	of	producing	high-carbon	steel.	Large-scale	wootz	steel	production	in	India	using	crucibles	occurred	by	the	sixth	century	BC,	the	pioneering	precursor	to	modern	steel	production	and	metallurgy.[19][20]	High-carbon	steel	was	produced	in	Britain	at	Broxmouth	Hillfort	from	490–375	BC,[23][24]	and	ultrahigh-carbon	steel	was	produced	in	the	Netherlands	from	the	2nd-4th	centuries	AD.[25]	The	Roman	author	Horace	identifies	steel	weapons
such	as	the	falcata	in	the	Iberian	Peninsula,	while	Noric	steel	was	used	by	the	Roman	military.[26]	The	Chinese	of	the	Warring	States	period	(403–221	BC)	had	quench-hardened	steel,[27]	while	Chinese	of	the	Han	dynasty	(202	BC—AD	220)	created	steel	by	melting	together	wrought	iron	with	cast	iron,	thus	producing	a	carbon-intermediate	steel	by	the	1st	century	AD.[28][29]	There	is	evidence	that	carbon	steel	was	made	in	Western	Tanzania	by	the	ancestors	of	the	Haya	people	as	early	as	2,000	years	ago	by	a	complex	process	of	"pre-heating"	allowing
temperatures	inside	a	furnace	to	reach	1300	to	1400	°C.[30][31][32][33][34][35]	Main	articles:	Wootz	steel	and	Damascus	steel	Evidence	of	the	earliest	production	of	high	carbon	steel	in	South	Asia	is	found	in	Kodumanal	in	Tamil	Nadu,	the	Golconda	area	in	Telangana	and	Karnataka,	regions	of	India,	as	well	as	in	Samanalawewa	and	Dehigaha	Alakanda,	regions	of	Sri	Lanka.[36]	This	came	to	be	known	as	wootz	steel,	produced	in	South	India	by	about	the	sixth	century	BC	and	exported	globally.[37][38]	The	steel	technology	existed	prior	to	326	BC	in	the	region
as	they	are	mentioned	in	literature	of	Sangam	Tamil,	Arabic,	and	Latin	as	the	finest	steel	in	the	world	exported	to	the	Roman,	Egyptian,	Chinese	and	Arab	worlds	at	that	time	–	what	they	called	Seric	Iron.[39]	A	200	BC	Tamil	trade	guild	in	Tissamaharama,	in	the	South	East	of	Sri	Lanka,	brought	with	them	some	of	the	oldest	iron	and	steel	artifacts	and	production	processes	to	the	island	from	the	classical	period.[40][41][42]	The	Chinese	and	locals	in	Anuradhapura,	Sri	Lanka	had	also	adopted	the	production	methods	of	creating	wootz	steel	from	the	Chera
Dynasty	Tamils	of	South	India	by	the	5th	century	AD.[43][44]	In	Sri	Lanka,	this	early	steel-making	method	employed	a	unique	wind	furnace,	driven	by	the	monsoon	winds,	capable	of	producing	high-carbon	steel.[45][46]	Since	the	technology	was	acquired	from	the	Tamilians	from	South	India,[47]	the	origin	of	steel	technology	in	India	can	be	conservatively	estimated	at	400–500	BC.[37][46]	The	manufacture	of	wootz	steel	and	Damascus	steel,	famous	for	its	durability	and	ability	to	hold	an	edge,	may	have	been	taken	by	the	Arabs	from	Persia,	who	took	it	from
India.	It	was	originally	created	from	several	different	materials	including	various	trace	elements,	apparently	ultimately	from	the	writings	of	Zosimos	of	Panopolis.[citation	needed]	In	327	BC,	Alexander	the	Great	was	rewarded	by	the	defeated	King	Porus,	not	with	gold	or	silver	but	with	30	pounds	of	steel.[48]	A	recent	study	has	speculated	that	carbon	nanotubes	were	included	in	its	structure,	which	might	explain	some	of	its	legendary	qualities,	though,	given	the	technology	of	that	time,	such	qualities	were	produced	by	chance	rather	than	by	design.[49]	Natural
wind	was	used	where	the	soil	containing	iron	was	heated	by	the	use	of	wood.	The	ancient	Sinhalese	managed	to	extract	a	ton	of	steel	for	every	2	tons	of	soil,[45]	a	remarkable	feat	at	the	time.	One	such	furnace	was	found	in	Samanalawewa	and	archaeologists	were	able	to	produce	steel	as	the	ancients	did.[45][50]	Crucible	steel,	formed	by	slowly	heating	and	cooling	pure	iron	and	carbon	(typically	in	the	form	of	charcoal)	in	a	crucible,	was	produced	in	Merv	by	the	9th	to	10th	century	AD.[38]	In	the	11th	century,	there	is	evidence	of	the	production	of	steel	in
Song	China	using	two	techniques:	a	"berganesque"	method	that	produced	inferior,	inhomogeneous	steel,	and	a	precursor	to	the	modern	Bessemer	process	that	used	partial	decarburization	via	repeated	forging	under	a	cold	blast.[51]		A	Bessemer	converter	in	Sheffield,	England	Since	the	17th	century,	the	first	step	in	European	steel	production	has	been	the	smelting	of	iron	ore	into	pig	iron	in	a	blast	furnace.[52][page	needed]	Originally	employing	charcoal,	modern	methods	use	coke,	which	has	proven	more	economical.[53][page	needed][54][page	needed][55]
[page	needed]	Main	articles:	Blister	steel	and	Crucible	steel	In	these	processes,	pig	iron	made	from	raw	iron	ore	was	refined	(fined)	in	a	finery	forge	to	produce	bar	iron,	which	was	then	used	in	steel-making.[52]	The	production	of	steel	by	the	cementation	process	was	described	in	a	treatise	published	in	Prague	in	1574	and	was	in	use	in	Nuremberg	from	1601.	A	similar	process	for	case	hardening	armour	and	files	was	described	in	a	book	published	in	Naples	in	1589.	The	process	was	introduced	to	England	in	about	1614	and	used	to	produce	such	steel	by	Sir
Basil	Brooke	at	Coalbrookdale	during	the	1610s.[56]	The	raw	material	for	this	process	were	bars	of	iron.	During	the	17th	century,	it	was	realized	that	the	best	steel	came	from	oregrounds	iron	of	a	region	north	of	Stockholm,	Sweden.	This	was	still	the	usual	raw	material	source	in	the	19th	century,	almost	as	long	as	the	process	was	used.[57][58]	Crucible	steel	is	steel	that	has	been	melted	in	a	crucible	rather	than	having	been	forged,	with	the	result	that	it	is	more	homogeneous.	Most	previous	furnaces	could	not	reach	high	enough	temperatures	to	melt	the	steel.
The	early	modern	crucible	steel	industry	resulted	from	the	invention	of	Benjamin	Huntsman	in	the	1740s.	Blister	steel	(made	as	above)	was	melted	in	a	crucible	or	in	a	furnace,	and	cast	(usually)	into	ingots.[58][59][page	needed]		An	open	hearth	furnace	in	the	Museum	of	Industry	in	Brandenburg,	Germany		White-hot	steel	pouring	out	of	an	electric	arc	furnace	in	Brackenridge,	Pennsylvania	The	modern	era	in	steelmaking	began	with	the	introduction	of	Henry	Bessemer's	process	in	1855,	the	raw	material	for	which	was	pig	iron.[60]	His	method	let	him	produce
steel	in	large	quantities	cheaply,	thus	mild	steel	came	to	be	used	for	most	purposes	for	which	wrought	iron	was	formerly	used.[61]	The	Gilchrist-Thomas	process	(or	basic	Bessemer	process)	was	an	improvement	to	the	Bessemer	process,	made	by	lining	the	converter	with	a	basic	material	to	remove	phosphorus.	Another	19th-century	steelmaking	process	was	the	Siemens-Martin	process,	which	complemented	the	Bessemer	process.[58]	It	consisted	of	co-melting	bar	iron	(or	steel	scrap)	with	pig	iron.	These	methods	of	steel	production	were	rendered	obsolete	by
the	Linz-Donawitz	process	of	basic	oxygen	steelmaking	(BOS),	developed	in	1952,[62]	and	other	oxygen	steel	making	methods.	Basic	oxygen	steelmaking	is	superior	to	previous	steelmaking	methods	because	the	oxygen	pumped	into	the	furnace	limited	impurities,	primarily	nitrogen,	that	previously	had	entered	from	the	air	used,[63]	and	because,	with	respect	to	the	open	hearth	process,	the	same	quantity	of	steel	from	a	BOS	process	is	manufactured	in	one-twelfth	the	time.[62]	Today,	electric	arc	furnaces	(EAF)	are	a	common	method	of	reprocessing	scrap
metal	to	create	new	steel.	They	can	also	be	used	for	converting	pig	iron	to	steel,	but	they	use	a	lot	of	electrical	energy	(about	440	kWh	per	metric	ton),	and	are	thus	generally	only	economical	when	there	is	a	plentiful	supply	of	cheap	electricity.[64]	See	also:	History	of	the	steel	industry	(1850–1970),	History	of	the	steel	industry	(1970–present),	Global	steel	industry	trends,	Steel	production	by	country,	and	List	of	steel	producers		Steel	production	(in	million	tons)	by	country	as	of	2023	The	steel	industry	is	often	considered	an	indicator	of	economic	progress,
because	of	the	critical	role	played	by	steel	in	infrastructural	and	overall	economic	development.[65]	In	1980,	there	were	more	than	500,000	U.S.	steelworkers.	By	2000,	the	number	of	steelworkers	had	fallen	to	224,000.[66]	The	economic	boom	in	China	and	India	caused	a	massive	increase	in	the	demand	for	steel.	Between	2000	and	2005,	world	steel	demand	increased	by	6%.	Since	2000,	several	Indian[67]	and	Chinese[68]	steel	firms	have	expanded	to	meet	demand,	such	as	Tata	Steel	(which	bought	Corus	Group	in	2007),	Baosteel	Group	and	Shagang	Group.
As	of	2017[update],	though,	ArcelorMittal	is	the	world's	largest	steel	producer.[69]	In	2005,	the	British	Geological	Survey	stated	China	was	the	top	steel	producer	with	about	one-third	of	the	world	share;	Japan,	Russia,	and	the	United	States	were	second,	third,	and	fourth,	respectively,	according	to	the	survey.[70]	The	large	production	capacity	of	steel	results	also	in	a	significant	amount	of	carbon	dioxide	emissions	inherent	related	to	the	main	production	route.	At	the	end	of	2008,	the	steel	industry	faced	a	sharp	downturn	that	led	to	many	cut-backs.[71]	In
2021,	it	was	estimated	that	around	7%	of	the	global	greenhouse	gas	emissions	resulted	from	the	steel	industry.[72][73]	Reduction	of	these	emissions	are	expected	to	come	from	a	shift	in	the	main	production	route	using	cokes,	more	recycling	of	steel	and	the	application	of	carbon	capture	and	storage	technology.	Main	article:	Ferrous	metal	recycling	Steel	is	one	of	the	world's	most-recycled	materials,	with	a	recycling	rate	of	over	60%	globally;[3]	in	the	United	States	alone,	over	82,000,000	metric	tons	(81,000,000	long	tons;	90,000,000	short	tons)	were	recycled
in	the	year	2008,	for	an	overall	recycling	rate	of	83%.[74]	As	more	steel	is	produced	than	is	scrapped,	the	amount	of	recycled	raw	materials	is	about	40%	of	the	total	of	steel	produced	–	in	2016,	1,628,000,000	tonnes	(1.602×109	long	tons;	1.795×109	short	tons)	of	crude	steel	was	produced	globally,	with	630,000,000	tonnes	(620,000,000	long	tons;	690,000,000	short	tons)	recycled.[75]	See	also:	Steel	grades		Bethlehem	Steel	in	Bethlehem,	Pennsylvania	was	one	of	the	world's	largest	manufacturers	of	steel	before	its	closure	in	2003.	Main	article:	Carbon	steel
Modern	steels	are	made	with	varying	combinations	of	alloy	metals	to	fulfil	many	purposes.[7]	Carbon	steel,	composed	simply	of	iron	and	carbon,	accounts	for	90%	of	steel	production.[5]	Low	alloy	steel	is	alloyed	with	other	elements,	usually	molybdenum,	manganese,	chromium,	or	nickel,	in	amounts	of	up	to	10%	by	weight	to	improve	the	hardenability	of	thick	sections.[5]	High	strength	low	alloy	steel	has	small	additions	(usually	<	2%	by	weight)	of	other	elements,	typically	1.5%	manganese,	to	provide	additional	strength	for	a	modest	price	increase.[76]	Recent
corporate	average	fuel	economy	(CAFE)	regulations	have	given	rise	to	a	new	variety	of	steel	known	as	Advanced	High	Strength	Steel	(AHSS).	This	material	is	both	strong	and	ductile	so	that	vehicle	structures	can	maintain	their	current	safety	levels	while	using	less	material.	There	are	several	commercially	available	grades	of	AHSS,	such	as	dual-phase	steel,	which	is	heat	treated	to	contain	both	a	ferritic	and	martensitic	microstructure	to	produce	a	formable,	high	strength	steel.[77]	Transformation	Induced	Plasticity	(TRIP)	steel	involves	special	alloying	and	heat
treatments	to	stabilize	amounts	of	austenite	at	room	temperature	in	normally	austenite-free	low-alloy	ferritic	steels.	By	applying	strain,	the	austenite	undergoes	a	phase	transition	to	martensite	without	the	addition	of	heat.[78]	Twinning	Induced	Plasticity	(TWIP)	steel	uses	a	specific	type	of	strain	to	increase	the	effectiveness	of	work	hardening	on	the	alloy.[79]	Carbon	Steels	are	often	galvanized,	through	hot-dip	or	electroplating	in	zinc	for	protection	against	rust.[80]	Main	article:	Alloy		Forging	a	structural	member	out	of	steel		Cor-Ten	rust	coating	Stainless
steel	contains	a	minimum	of	11%	chromium,	often	combined	with	nickel,	to	resist	corrosion.	Some	stainless	steels,	such	as	the	ferritic	stainless	steels	are	magnetic,	while	others,	such	as	the	austenitic,	are	nonmagnetic.[81]	Corrosion-resistant	steels	are	abbreviated	as	CRES.	Alloy	steels	are	plain-carbon	steels	in	which	small	amounts	of	alloying	elements	like	chromium	and	vanadium	have	been	added.	Some	more	modern	steels	include	tool	steels,	which	are	alloyed	with	large	amounts	of	tungsten	and	cobalt	or	other	elements	to	maximize	solution	hardening.
This	also	allows	the	use	of	precipitation	hardening	and	improves	the	alloy's	temperature	resistance.[5]	Tool	steel	is	generally	used	in	axes,	drills,	and	other	devices	that	need	a	sharp,	long-lasting	cutting	edge.	Other	special-purpose	alloys	include	weathering	steels	such	as	Cor-ten,	which	weather	by	acquiring	a	stable,	rusted	surface,	and	so	can	be	used	un-painted.[82]	Maraging	steel	is	alloyed	with	nickel	and	other	elements,	but	unlike	most	steel	contains	little	carbon	(0.01%).	This	creates	a	very	strong	but	still	malleable	steel.[83]	Eglin	steel	uses	a
combination	of	over	a	dozen	different	elements	in	varying	amounts	to	create	a	relatively	low-cost	steel	for	use	in	bunker	buster	weapons.	Hadfield	steel,	named	after	Robert	Hadfield,	or	manganese	steel,	contains	12–14%	manganese	which,	when	abraded,	strain-hardens	to	form	a	very	hard	skin	which	resists	wearing.	Uses	of	this	particular	alloy	include	tank	tracks,	bulldozer	blade	edges,	and	cutting	blades	on	the	jaws	of	life.[84]	Most	of	the	more	commonly	used	steel	alloys	are	categorized	into	various	grades	by	standards	organizations.	For	example,	the
Society	of	Automotive	Engineers	has	a	series	of	grades	defining	many	types	of	steel.[85]	The	American	Society	for	Testing	and	Materials	has	a	separate	set	of	standards,	which	define	alloys	such	as	A36	steel,	the	most	commonly	used	structural	steel	in	the	United	States.[86]	The	JIS	also	defines	a	series	of	steel	grades	that	are	being	used	extensively	in	Japan	as	well	as	in	developing	countries.		A	roll	of	steel	wool	Iron	and	steel	are	used	widely	in	the	construction	of	roads,	railways,	other	infrastructure,	appliances,	and	buildings.	Most	large	modern	structures,
such	as	stadiums	and	skyscrapers,	bridges,	and	airports,	are	supported	by	a	steel	skeleton.	Even	those	with	a	concrete	structure	employ	steel	for	reinforcing.	It	sees	widespread	use	in	major	appliances	and	cars.	Despite	the	growth	in	usage	of	aluminium,	steel	is	still	the	main	material	for	car	bodies.	Steel	is	used	in	a	variety	of	other	construction	materials,	such	as	bolts,	nails	and	screws,	and	other	household	products	and	cooking	utensils.[87]	Other	common	applications	include	shipbuilding,	pipelines,	mining,	offshore	construction,	aerospace,	white	goods	(e.g.
washing	machines),	heavy	equipment	such	as	bulldozers,	office	furniture,	steel	wool,	tool,	and	armour	in	the	form	of	personal	vests	or	vehicle	armour	(better	known	as	rolled	homogeneous	armour	in	this	role).		A	carbon	steel	knife	Before	the	introduction	of	the	Bessemer	process	and	other	modern	production	techniques,	steel	was	expensive	and	was	only	used	where	no	cheaper	alternative	existed,	particularly	for	the	cutting	edge	of	knives,	razors,	swords,	and	other	items	where	a	hard,	sharp	edge	was	needed.	It	was	also	used	for	springs,	including	those	used
in	clocks	and	watches.[58]	With	the	advent	of	faster	and	cheaper	production	methods,	steel	has	become	easier	to	obtain	and	much	cheaper.	It	has	replaced	wrought	iron	for	a	multitude	of	purposes.	However,	the	availability	of	plastics	in	the	latter	part	of	the	20th	century	allowed	these	materials	to	replace	steel	in	some	applications	due	to	their	lower	fabrication	cost	and	weight.[88]	Carbon	fibre	is	replacing	steel	in	some	cost-insensitive	applications	such	as	sports	equipment	and	high-end	automobiles.		A	steel	bridge		A	steel	pylon	suspending	overhead	power
lines	As	reinforcing	bars	and	mesh	in	reinforced	concrete	Railroad	tracks	Structural	steel	in	modern	buildings	and	bridges	Wires	Input	to	reforging	applications	Major	appliances	Magnetic	cores	The	inside	and	outside	body	of	automobiles,	trains,	and	ships.	Main	article:	Weathering	steel	Intermodal	containers	Outdoor	sculptures	Architecture	Highliner	train	cars	Main	article:	Stainless	steel		A	stainless	steel	gravy	boat	Cutlery	Rulers	Surgical	instruments	Watches	Guns	Rail	passenger	vehicles	Tablets	Trash	Cans	Body	piercing	jewellery	Inexpensive	rings
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plays	a	crucial	role	in	various	industries	and	applications.	In	this	comprehensive	guide,	we	will	explore	the	definition,	composition,	types,	properties,	and	applications	of	steel.	Let’s	delve	into	the	fascinating	world	of	steel.	Steel	is	a	versatile	and	essential	alloy	that	has	played	a	transformative	role	in	shaping	the	modern	world.	At	its	core,	steel	is	an	alloy	primarily	composed	of	iron	and	carbon,	with	varying	amounts	of	other	elements	introduced	to	achieve	specific	properties.	This	alloying	process	allows	for	the	creation	of	a	material	with	remarkable	strength,
durability,	and	versatility.	Steel’s	high	tensile	and	compressive	strength	make	it	an	ideal	choice	for	structural	applications,	providing	the	backbone	for	buildings,	bridges,	and	infrastructure.	Its	durability,	resistance	to	wear,	and	corrosion	resilience	contribute	to	its	longevity,	reducing	the	need	for	frequent	replacements.	The	versatility	of	steel	is	evident	in	its	various	types	and	grades,	tailored	to	meet	diverse	industrial	needs,	from	carbon	steel	in	construction	to	stainless	steel	in	kitchenware.	Beyond	its	mechanical	properties,	steel	is	valued	for	its	recyclability,
making	it	an	environmentally	sustainable	choice.	The	steel	industry	has	evolved	with	technological	advancements,	allowing	for	the	production	of	innovative	alloys	and	facilitating	eco-friendly	practices.	Whether	in	manufacturing,	construction,	or	countless	other	sectors,	steel	stands	as	a	foundational	material,	embodying	strength,	durability,	and	adaptability.	The	history	of	steel	dates	back	thousands	of	years,	with	ancient	civilizations	discovering	methods	to	produce	this	remarkable	material.	The	industrial	revolution	in	the	19th	century	marked	a	significant
turning	point,	as	new	technologies	enabled	the	mass	production	of	steel,	revolutionizing	industries	and	construction.	The	history	of	steel	is	a	fascinating	journey	that	spans	thousands	of	years,	marked	by	key	advancements	in	metallurgy	and	technological	innovation.	Early	Iron	Smelting	(2000	BCE):	The	knowledge	of	iron	smelting	likely	originated	in	Anatolia	(modern-day	Turkey)	around	2000	BCE.	Early	iron	smelting	involved	the	use	of	charcoal	as	a	reducing	agent	in	small	clay	furnaces.	Hittite	Iron	Production	(1500	BCE):	The	Hittites,	an	ancient	Anatolian
civilization,	were	among	the	first	to	master	the	production	of	iron	in	larger	quantities.	Indian	Wootz	Steel	(6th	Century	BCE):	India	became	renowned	for	producing	high-quality	steel	known	as	Wootz.	Wootz	steel	was	characterized	by	its	distinctive	patterns	and	exceptional	strength.	Chinese	Steel	Production	(500	BCE):	China	also	had	early	steel	production	methods,	using	wrought	iron	and	cast	iron.	Damascus	Steel	(300-1700	CE):	Damascus	steel,	originating	in	the	Middle	East,	was	known	for	its	exceptional	sharpness	and	strength.	The	specific	techniques	for
making	Damascus	steel	remain	a	historical	mystery.	Blast	Furnace	(14th	Century):	The	blast	furnace,	a	crucial	advancement	in	iron	and	steel	production,	emerged	in	Europe	during	the	14th	century.	This	innovation	allowed	for	more	efficient	iron	smelting,	increasing	production.	Coke	Smelting	(18th	Century):	The	use	of	coke	as	a	fuel	and	reducing	agent	in	iron	production	replaced	charcoal,	leading	to	increased	efficiency.	Abraham	Darby’s	use	of	coke	in	the	18th	century	was	a	pivotal	development.	Bessemer	Process	(1856):	Sir	Henry	Bessemer’s	invention	of
the	Bessemer	process	revolutionized	steelmaking.	This	process	involved	blowing	air	through	molten	pig	iron	to	remove	impurities,	resulting	in	mass	steel	production.	Siemens-Martin	Process	(1860s):	Developed	by	Sir	William	Siemens	and	Pierre-Émile	Martin,	this	open-hearth	process	further	improved	steel	quality	and	production.	Electric	Arc	Furnace	(1900s):	The	development	of	the	electric	arc	furnace	allowed	for	the	production	of	steel	using	electricity,	providing	greater	flexibility	and	control.	Advanced	Steel	Alloys	(20th	Century):	Advancements	in
metallurgy	led	to	the	development	of	specialized	steel	alloys	for	various	applications,	such	as	stainless	steel	and	high-strength	alloys.	Modern	Steel	Production	(21st	Century):	The	steel	industry	continues	to	evolve	with	advancements	in	technology,	automation,	and	sustainability.	Recycling	of	steel	is	a	significant	focus,	contributing	to	environmental	sustainability.	Steel	is	an	alloy,	which	means	it	isn’t	a	single	type	of	metal.	An	alloy	is	a	mixture	of	metals,	and	in	the	case	of	steel,	the	primary	metals	are:	Iron	(Fe)	–	This	is	the	base	metal	that	makes	up	the
majority	of	steel.expand_more	Carbon	(C)	–	This	is	the	key	alloying	element	that	gives	steel	its	distinct	properties	compared	to	pure	iron.pen_sparkexpand_more	The	amount	of	carbon	content	can	be	varied	to	create	different	types	of	steel	with	different	strengths	and	characteristics.	The	basic	composition	of	steel	includes	iron	and	carbon,	but	it	can	also	contain	other	elements	in	varying	amounts.	These	additional	elements	contribute	to	the	diverse	types	of	steel	available,	each	designed	for	specific	applications.	Here’s	a	detailed	table	outlining	the	composition
of	steel,	including	the	main	elements	involved	in	its	production:	ComponentComposition	in	Steel	ProductionRole	in	Steel	ProductionIron	OreIron	oxide	(Fe2O3	or	Fe3O4)Primary	source	of	iron	in	steel	production.CokeCarbon	(about	90%	pure	carbon	derived	from	coal)Acts	as	a	fuel	and	reducing	agent	in	the	Blast	Furnace.LimestoneCalcium	carbonate	(CaCO3)A	fluxing	agent	that	reacts	with	impurities	and	forms	slag	in	the	Blast	Furnace.Scrap	(in	EAF)Recycled	steel,	including	various	steel	products	and	industrial	wastePrimary	raw	material	in	Electric	Arc
Furnace	(EAF)	process.	Note:	The	composition	of	steel	can	vary	based	on	the	specific	type	of	steel	being	produced	(e.g.,	carbon	steel,	alloy	steel,	stainless	steel).	The	table	above	provides	a	generalized	overview	of	the	main	components	in	the	steelmaking	process.	The	actual	composition	may	include	additional	alloying	elements,	depending	on	the	desired	properties	of	the	final	steel	product.	Always	refer	to	detailed	specifications	for	accurate	information	on	a	particular	type	of	steel.	The	production	of	steel	involves	complex	processes	that	transform	raw
materials	into	the	final	product.	There	are	two	main	methods	for	making	steel:	the	traditional	Blast	Furnace	process	and	the	modern	Electric	Arc	Furnace	process.	Below	is	an	in-depth	explanation	of	each	process:	The	first	step	in	the	Blast	Furnace	process	is	the	extraction	of	iron	ore.	Iron	ore	typically	consists	of	iron	oxide	and	impurities	such	as	silica,	alumina,	and	other	elements.	Miners	extract	iron	ore	from	mines	and	transport	it	to	steel	mills.	The	extracted	iron	ore	is	then	crushed	into	small	pieces	and	refined	to	remove	impurities.	The	goal	is	to	create	a
concentrated	iron	ore	with	a	high	iron	content.	A	Blast	Furnace	is	a	massive	structure,	typically	a	tall	cylindrical	tower,	lined	with	refractory	materials	to	withstand	high	temperatures.	The	prepared	iron	ore,	along	with	coke	(a	carbon-rich	material	derived	from	coal)	and	limestone,	is	charged	into	the	top	of	the	Blast	Furnace.	As	the	raw	materials	descend	in	the	Blast	Furnace,	hot	air	is	blown	in	from	the	bottom.	The	coke	reacts	with	the	iron	ore,	reducing	the	iron	oxide	to	molten	iron.	The	limestone	reacts	with	impurities,	forming	slag.	The	molten	iron,	now
separated	from	impurities	and	called	pig	iron,	accumulates	at	the	bottom	of	the	Blast	Furnace	due	to	its	higher	density.	The	slag,	being	lighter,	floats	on	top	of	the	molten	iron.	Periodically,	the	molten	iron	and	slag	are	tapped	from	the	Blast	Furnace.	The	iron	is	then	cast	into	molds	to	form	pig	iron,	while	the	slag	is	processed	for	various	applications.	Pig	iron	contains	a	high	percentage	of	carbon	and	other	impurities.	It	is	further	processed	in	a	Basic	Oxygen	Furnace	(BOF)	or	an	Electric	Arc	Furnace	(EAF)	to	produce	steel	with	desired	properties.	The	Electric
Arc	Furnace	process	primarily	uses	recycled	steel,	known	as	scrap,	as	the	main	raw	material.	Scrap	includes	various	steel	products,	such	as	old	cars,	appliances,	and	industrial	waste.	Scrap	is	loaded	into	the	Electric	Arc	Furnace,	a	large	container	lined	with	refractory	materials.	The	furnace	is	equipped	with	graphite	electrodes,	which	will	conduct	an	electric	current.	An	electric	arc	is	created	between	the	electrodes	and	the	scrap.	This	high-intensity	arc	generates	extreme	heat,	melting	the	scrap	into	liquid	steel.	The	process	is	faster	and	more	energy-efficient
than	the	Blast	Furnace	method.	Alloying	elements	can	be	added	to	the	molten	steel	to	achieve	specific	properties.	Additionally,	fluxes	are	added	to	remove	impurities,	and	oxygen	is	blown	into	the	furnace	for	further	refining.	Once	the	desired	composition	and	temperature	are	achieved,	the	molten	steel	is	tapped	from	the	Electric	Arc	Furnace	and	cast	into	various	shapes	or	further	processed.	The	molten	steel	may	undergo	continuous	casting,	where	it	is	solidified	into	semi-finished	products	like	billets	or	slabs.	Alternatively,	it	can	be	formed	into	finished
products	through	rolling,	forging,	or	other	shaping	processes.	The	final	steel	products	may	undergo	heat	treatment	processes	such	as	quenching	and	tempering	to	enhance	their	mechanical	properties.	Both	the	Blast	Furnace	and	Electric	Arc	Furnace	processes	are	essential	in	steel	production,	each	having	its	advantages	and	applications.	The	choice	of	method	depends	on	factors	such	as	the	desired	steel	properties,	cost	considerations,	and	the	availability	of	raw	materials.	Steel	possesses	several	key	characteristics	that	make	it	indispensable	in	numerous
fields.	These	include	high	tensile	strength,	ductility,	durability,	and	the	ability	to	be	shaped	into	various	forms.	These	characteristics	make	steel	suitable	for	applications	ranging	from	construction	to	manufacturing.	CharacteristicDescriptionInfluence	on	ApplicationStrengthHigh	tensile	strength	and	compressive	strength,	providing	structural	integrity.Essential	for	load-bearing	structures,	machinery,	and	automotive.DurabilityLong-lasting	and	resistant	to	wear,	corrosion,	and	environmental	factors.Ideal	for	construction,	infrastructure,	and	outdoor
applications.VersatilityHighly	adaptable,	available	in	various	types	and	grades	for	diverse	applications.Used	across	industries,	from	construction	to	manufacturing.DuctilityAbility	to	deform	without	breaking,	allowing	for	shaping	and	forming.Important	in	manufacturing	processes	and	structural	applications.MalleabilityCapability	to	withstand	deformation	under	pressure,	enabling	shaping	through	rolling	or	forging.Crucial	for	manufacturing	processes	and	forming	into	desired	shapes.ToughnessAbility	to	absorb	energy	and	resist	fracture	under	impact	or	sudden
loads.Essential	in	applications	where	impact	resistance	is	critical.WeldabilityEase	of	welding,	joining,	and	forming	strong	bonds	with	other	materials.Important	for	construction,	fabrication,	and	repair	applications.Corrosion	ResistanceResistance	to	corrosion,	especially	in	the	case	of	stainless	steel	alloys.Critical	for	applications	in	harsh	or	corrosive	environments.Thermal	ConductivityEfficient	conduction	of	heat,	making	it	suitable	for	applications	requiring	heat	transfer.Used	in	heat	exchangers,	cooking	utensils,	and	automotive	components.Electrical
ConductivityGood	electrical	conductivity,	allowing	for	use	in	electrical	applications.Applied	in	electrical	wiring,	power	transmission,	and	electronic	devices.RecyclabilityHighly	recyclable,	with	a	well-established	recycling	infrastructure.Supports	sustainability	and	reduces	environmental	impact.Cost-EffectivenessEconomical	material,	providing	a	favorable	balance	between	cost	and	performance.Widely	chosen	for	its	cost	efficiency	in	various	applications.This	table	provides	a	comprehensive	overview	of	the	key	characteristics	of	steel	and	their	implications	for
different	applications.	Keep	in	mind	that	specific	types	and	grades	of	steel	may	exhibit	variations	in	these	characteristics	based	on	their	composition	and	intended	use.	Always	refer	to	detailed	specifications	for	accurate	information	on	a	particular	type	of	steel.	Steel	has	a	metallic	luster,	and	its	appearance	can	vary	depending	on	the	specific	alloy	and	surface	finish.	It	can	range	from	a	shiny,	polished	surface	to	a	matte	or	textured	finish,	making	it	adaptable	to	aesthetic	preferences	and	functional	requirements.	There	are	various	types	of	steel,	classified	based
on	their	composition,	properties,	and	uses.	Some	common	types	include	carbon	steel,	alloy	steel,	stainless	steel,	and	tool	steel.	Each	type	has	unique	characteristics	that	make	it	suitable	for	specific	applications.	Type	of	SteelCompositionCharacteristicsApplicationsCarbon	SteelIron,	Carbon–	High	strength	and	durabilityConstruction,	Automotive,	Machinery–	Moderate	ductility	and	malleability–	Susceptible	to	corrosion	without	protective	coatings–	Examples:	Low	Carbon	Steel,	Medium	Carbon	Steel,	High	Carbon	SteelAlloy	SteelIron,	Carbon,	Various	Alloying
Elements–	Enhanced	properties	through	alloying	elements	like	chromium,	nickel,	manganese,	etc.Automotive,	Aerospace,	Construction–	Improved	strength,	hardness,	and	resistance	to	wear	and	corrosion–	Different	types	based	on	specific	alloying	elements	and	concentrationsStainless	SteelIron,	Chromium,	Nickel,	Manganese–	High	corrosion	resistanceKitchenware,	Medical	Equipment,	Construction–	Non-reactive	and	hygienicAutomotive,	Aerospace,	Energy–	Various	grades	with	different	corrosion	resistance	and	mechanical	propertiesTool	SteelIron,	Carbon,
Various	Alloying	Elements–	Extremely	high	hardness	and	wear	resistanceCutting	Tools,	Dies,	Molds,	Machine	Parts–	Suitable	for	high-temperature	applicationsAerospace,	Automotive,	Manufacturing–	Different	grades	for	specific	tool	applicationsHigh-Speed	SteelIron,	Carbon,	Alloying	Elements	(Tungsten,	Molybdenum)–	Exceptional	hardness	and	heat	resistanceCutting	Tools,	Drills,	Milling	Cutters–	Retains	hardness	at	elevated	temperaturesMachining,	Metalworking–	Ideal	for	cutting	and	shaping	applicationsMild	SteelIron,	Carbon,	Trace	Amounts	of	Other
Elements–	Low	carbon	content	for	ease	of	fabrication	and	weldingConstruction,	Automotive,	Furniture–	Good	ductility	and	malleability–	Versatile	and	cost-effectiveWeathering	SteelIron,	Carbon,	Copper,	Nickel,	Phosphorus–	Develops	a	protective	rust-like	surface	over	timeBridges,	Outdoor	Structures,	Railways–	Corrosion-resistant	in	various	weather	conditionsConstruction,	Architectural	Applications–	Reduces	the	need	for	painting	and	maintenanceNote:	The	information	in	the	table	provides	a	general	overview	of	each	type	of	steel.	Specific	grades	within	each
type	may	have	variations	in	composition	and	properties.	Always	refer	to	detailed	specifications	for	accurate	information	on	a	particular	type	of	steel.	Density	Melting	Point	Thermal	Conductivity	Electrical	Conductivity	PropertyCarbon	SteelAlloy	SteelStainless	SteelTool	SteelStrengthHighVariesHighVery	HighCorrosion	ResistanceLowDepends	on	AlloyHighModerate	to	HighHardnessModerate	to	HighVariesHighVery	HighDuctilityModerateVariesModerateLow	to	ModerateApplicationsConstruction,Automotive,Kitchenware,Cutting
Tools,InfrastructureAerospace,Medical	Equipment,Dies,	Molds	PropertyDescriptionInfluence	on	ApplicationDensityHigh	density	due	to	the	compact	arrangement	of	atoms	in	the	crystal	lattice.Affects	the	weight	and	volume	of	structural	components.Melting	PointHigh	melting	point,	typically	around	1,370°C	(2,500°F)	for	pure	iron.Important	for	applications	involving	high-temperature	conditions	such	as	industrial	furnaces	and	metal	casting.Thermal	ConductivityModerate	thermal	conductivity,	allowing	for	efficient	heat	transfer.Utilized	in	applications	where
heat	needs	to	be	conducted	or	dissipated,	such	as	in	heat	exchangers	and	cookware.Electrical	ConductivityModerate	electrical	conductivity.	Steel	is	a	good	conductor	of	electricity,	but	not	as	efficient	as	metals	like	copper	or	aluminum.Used	in	electrical	applications	where	moderate	conductivity	is	sufficient,	such	as	in	electrical	wiring	and	components.	This	table	provides	a	concise	overview	of	these	specific	properties	of	steel	and	their	relevance	to	various	applications.	Keep	in	mind	that	these	values	can	vary	based	on	the	specific	type	and	composition	of	steel.
Always	refer	to	detailed	specifications	for	accurate	information	on	a	particular	type	of	steel.	Corrosion	Resistance	Oxidation	Resistance	Chemical	Reactivity	Chemical	PropertyCarbon	SteelAlloy	SteelStainless	SteelTool	SteelCarbon	ContentHighVariesLow	to	HighLow	to	HighChromium	ContentNone/LowVaries10-30%VariesNickel	ContentNone/LowVaries2-20%None/LowManganese	ContentModerate	to	HighVariesLow	to	HighLow	to	HighPhosphorus	ContentLow	to	ModerateVariesLowLowSulfur	ContentLowVariesLowLowSilicon	ContentLow	to
ModerateVariesLow	to	HighLow	to	ModerateOther	Alloying	ElementsNone/LimitedVariesTitanium,	Molybdenum,Tungsten,	Vanadium,Niobium,	Copper,Cobalt,	ChromiumNitrogen,	etc.Corrosion	ResistanceLowDepends	on	AlloyHighModerate	to	HighMagnetic	PropertiesMagneticVariesNon-MagneticNon-Magnetic	Note:	The	values	in	the	table	are	generalized,	and	the	actual	chemical	composition	can	vary	based	on	specific	steel	grades	and	alloys.	Always	refer	to	the	detailed	specifications	for	accurate	information	on	a	particular	type	of	steel.	Steel	finds
applications	in	a	wide	range	of	industries,	including:	Construction:	Steel	is	extensively	used	in	the	construction	industry	for	its	strength,	durability,	and	ability	to	withstand	various	loads.	Example:	Structural	steel	is	used	in	the	construction	of	buildings,	bridges,	and	infrastructure.	It	provides	the	framework	for	skyscrapers	and	supports	the	weight	of	large	structures.	Automotive:	Steel’s	high	strength	and	formability	make	it	an	ideal	material	for	manufacturing	components	in	the	automotive	sector.	Example:	Car	bodies,	chassis,	and	various	structural
components	in	automobiles	are	often	made	of	steel.	High-strength	steel	alloys	enhance	safety	and	reduce	vehicle	weight.	Aerospace:	Aerospace	applications	demand	materials	with	high	strength-to-weight	ratios,	corrosion	resistance,	and	reliability.	Example:	Steel	is	used	in	aircraft	components,	such	as	landing	gears,	engine	parts,	and	structural	elements,	contributing	to	the	overall	strength	and	durability	of	the	aircraft.	Kitchenware:	Stainless	steel,	known	for	its	corrosion	resistance	and	hygiene,	is	widely	used	in	the	production	of	kitchenware.	Example:
Stainless	steel	pots,	pans,	cutlery,	and	appliances	are	common	in	kitchens	due	to	their	durability,	ease	of	cleaning,	and	resistance	to	staining.	Medical	Equipment:	Stainless	steel’s	non-reactive	nature	and	ease	of	sterilization	make	it	suitable	for	medical	and	surgical	instruments.	Example:	Surgical	instruments,	medical	trays,	and	certain	medical	devices	are	often	made	of	stainless	steel	due	to	its	biocompatibility	and	durability.	Cutting	Tools:	Tool	steel,	known	for	its	hardness	and	wear	resistance,	is	essential	for	manufacturing	cutting	tools.	Example:	Drill	bits,
saw	blades,	and	machining	tools	made	of	tool	steel	are	crucial	in	metalworking,	woodworking,	and	various	industrial	applications.	Infrastructure:	Steel	is	integral	to	the	construction	and	maintenance	of	infrastructure	projects	worldwide.	Example:	Bridges,	pipelines,	and	railway	tracks	often	incorporate	steel	for	its	load-bearing	capacity,	durability,	and	resistance	to	environmental	factors.	Energy	Sector:	Steel	plays	a	vital	role	in	the	energy	industry,	supporting	the	generation,	transmission,	and	storage	of	energy.	Example:	Steel	is	used	in	the	construction	of
power	plants,	wind	turbine	towers,	pipelines	for	oil	and	gas	transport,	and	storage	tanks.	Shipbuilding:	Description:	The	maritime	industry	relies	on	steel	for	its	strength,	corrosion	resistance,	and	ability	to	withstand	harsh	marine	environments.	Example:	Ship	hulls,	superstructures,	and	various	components	in	shipbuilding	are	commonly	made	of	steel.	Consumer	Goods:	Steel	is	present	in	a	wide	range	of	consumer	products	due	to	its	strength,	durability,	and	aesthetic	appeal.	Example:	Furniture,	appliances,	and	electronics	often	incorporate	steel	components	or
finishes	for	both	functional	and	aesthetic	purposes.	The	use	of	steel	offers	numerous	benefits,	such	as:	High	Strength	Durability	Recyclability	Versatility	Cost-Effectiveness	BenefitDescriptionInfluence	on	ApplicationHigh	StrengthSteel	exhibits	high	tensile	and	compressive	strength,	providing	structural	integrity	and	load-bearing	capacity.Essential	for	constructing	buildings,	bridges,	and	other	load-bearing	structures.DurabilitySteel	is	highly	durable,	resistant	to	wear,	corrosion,	and	environmental	factors,	ensuring	a	long	lifespan.Ideal	for	outdoor	applications,
infrastructure,	and	structures	exposed	to	harsh	conditions.RecyclabilitySteel	is	highly	recyclable,	allowing	for	efficient	reuse	and	reducing	environmental	impact.Supports	sustainability	goals	by	minimizing	the	need	for	new	raw	materials.VersatilitySteel	is	versatile,	available	in	various	types	and	grades	to	meet	diverse	application	requirements.Used	across	industries	for	a	wide	range	of	applications,	from	construction	to	manufacturing.Cost-EffectivenessSteel	provides	a	favorable	balance	between	cost	and	performance,	making	it	an	economical	choice.Widely
chosen	for	its	cost	efficiency	in	various	applications,	contributing	to	project	feasibility.This	table	highlights	the	key	benefits	of	steel,	making	it	a	preferred	material	in	many	industries.	Specific	types	and	grades	of	steel	may	offer	variations	in	these	benefits	based	on	their	composition	and	intended	use.	Always	refer	to	detailed	specifications	for	accurate	information	on	a	particular	type	of	steel.	While	steel	is	a	versatile	material,	it	has	some	limitations,	including:	Susceptibility	to	Corrosion:	One	significant	limitation	of	steel	is	its	susceptibility	to	corrosion,
especially	in	the	presence	of	moisture	and	harsh	environmental	conditions.	Corrosion	occurs	when	iron	in	the	steel	reacts	with	oxygen	and	water,	forming	iron	oxide	(rust).	This	process	weakens	the	structural	integrity	of	the	steel	over	time.	Impact	on	Application:	Corrosion	can	lead	to	the	deterioration	of	steel	structures,	reducing	their	lifespan	and	requiring	maintenance	and	protective	coatings.	In	environments	with	high	humidity,	salt	exposure,	or	acidic	conditions,	corrosion	can	be	a	major	concern.	Weight	in	Some	Applications:	While	steel	is	known	for	its
high	strength,	it	can	also	be	relatively	heavy	compared	to	alternative	materials	in	certain	applications.	In	situations	where	weight	is	a	critical	factor,	such	as	in	aerospace	or	automotive	industries,	the	density	of	steel	may	pose	a	limitation.	Impact	on	Application:	The	weight	of	steel	can	affect	fuel	efficiency	in	transportation,	limit	design	options	in	lightweight	structures,	and	influence	the	overall	efficiency	of	certain	applications.	Industries	may	seek	lighter	materials	like	aluminum	or	composites	for	specific	uses.	Environmental	Impact	in	Production:	The
production	of	steel,	especially	through	traditional	methods	like	the	Blast	Furnace	process,	can	have	a	significant	environmental	impact.	It	involves	the	extraction	of	iron	ore,	coal	consumption,	and	the	release	of	greenhouse	gases,	contributing	to	air	pollution	and	climate	change.	Additionally,	the	mining	of	raw	materials	can	lead	to	habitat	disruption.	Impact	on	Application:	The	environmental	impact	in	steel	production	raises	sustainability	concerns.	Industries	are	increasingly	focusing	on	adopting	cleaner	and	more	sustainable	methods,	such	as	electric	arc
furnaces	and	recycling,	to	minimize	the	ecological	footprint	of	steel	production.	The	utilization	of	steel	across	a	myriad	of	industries	and	applications	is	underpinned	by	a	list	of	compelling	reasons,	collectively	rendering	it	an	indispensable	material	in	the	modern	world.	The	foremost	attribute	is	its	unparalleled	strength,	making	steel	an	elemental	force	in	constructing	robust	and	resilient	structures,	ranging	from	towering	skyscrapers	to	intricate	bridges.	Its	intrinsic	durability,	resistant	to	wear,	corrosion,	and	environmental	degradation,	ensures	a	prolonged
lifespan	and	minimizes	maintenance	costs.	The	versatility	of	steel,	manifested	in	various	types	and	grades,	empowers	its	widespread	applicability,	ranging	from	the	skeletal	framework	of	buildings	to	intricate	components	in	manufacturing.	Beyond	its	mechanical	prowess,	steel’s	recyclability	aligns	with	sustainability	goals,	reducing	environmental	impact	and	fostering	a	circular	economy.	Additionally,	the	cost-effectiveness	of	steel,	striking	a	judicious	balance	between	expense	and	performance,	amplifies	its	appeal	in	projects	of	varying	scales.	Innovative	design
possibilities,	afforded	by	steel’s	malleability	and	formability,	have	further	solidified	its	status	as	a	material	of	choice	in	architecture	and	engineering.	As	a	cornerstone	in	the	edifice	of	modern	infrastructure	and	manufacturing,	steel,	with	its	amalgamation	of	strength,	durability,	versatility,	and	eco-friendliness,	continues	to	be	instrumental	in	propelling	technological	and	industrial	progress.	Yes,	steel	is	a	metal.	It	is	an	alloy	of	iron,	which	is	a	metal,	and	carbon,	along	with	other	elements.	This	combination	results	in	a	metallic	material	with	exceptional
properties.	Chemical	Composition:	Steel	is	an	alloy	composed	primarily	of	iron	and	carbon.	Small	amounts	of	other	elements,	such	as	manganese,	chromium,	nickel,	and	others,	are	added	to	impart	specific	properties.	Metallic	Characteristics:	Steel	exhibits	typical	metallic	characteristics	such	as	electrical	conductivity,	thermal	conductivity,	malleability,	and	ductility.	Crystal	Structure:	The	crystal	structure	of	steel	is	metallic,	with	a	close-packed	arrangement	of	atoms	that	allows	for	the	mobility	of	electrons.	Magnetic	Properties:	Depending	on	its	composition,
steel	can	be	magnetic,	further	emphasizing	its	classification	as	a	metal.	Despite	its	strength,	steel	is	susceptible	to	corrosion,	commonly	known	as	rust.	Protective	coatings	and	treatments	are	often	applied	to	prevent	or	minimize	rusting	in	various	environments.	Corrosion	Susceptibility:	The	iron	component	in	steel	reacts	with	oxygen	and	moisture	in	the	environment	to	form	iron	oxide,	commonly	known	as	rust.	Impact	of	Corrosion:	Rusting	weakens	the	structural	integrity	of	steel,	leading	to	a	degradation	of	its	mechanical	properties.	It	can	compromise	the
appearance	and	functionality	of	steel	structures.	Preventive	Measures:	Protective	coatings,	galvanization,	and	the	use	of	corrosion-resistant	alloys	are	employed	to	mitigate	rusting	and	enhance	the	longevity	of	steel	structures.	Yes,	steel	is	generally	stronger	than	iron.	The	addition	of	carbon	and	other	alloying	elements	enhances	the	strength	and	properties	of	steel	compared	to	pure	iron.	Alloying	Elements:	Steel	is	an	alloy	of	iron	that	includes	carbon	and	often	other	alloying	elements.	The	addition	of	carbon	and	other	elements	enhances	the	strength	and
mechanical	properties	of	steel.	Controlled	Composition:	The	controlled	composition	of	steel,	achieved	through	precise	alloying,	allows	for	the	production	of	materials	with	specific	strength	characteristics	tailored	to	diverse	applications.	High-Carbon	Steel:	This	type	of	steel	boasts	a	high	carbon	content	(between	0.6%	and	1.5%),	resulting	in	exceptional	tensile	strength	(resistance	to	pulling	forces)	but	lower	ductility	(flexibility).	Alloy	Steels:	These	steels	incorporate	additional	elements	like	chromium,	nickel,	or	molybdenum	into	the	mix.	This	alloying	process
enhances	various	properties	like	tensile	strength,	hardenability,	and	corrosion	resistance.	Specific	examples	include:	Maraging	Steel:	Known	for	outstanding	strength-to-weight	ratio	and	exceptional	dimensional	stability.	Tool	Steel:	Formulated	for	exceptional	hardness	and	wear	resistance	in	cutting	tools	and	dies.	Ultra-High-Strength	Steel	(UHSS):	This	category	encompasses	various	high-strength	steels	with	tensile	strengths	exceeding	1,500	MPa	(megapascals).	UHSS	is	often	used	in	demanding	applications	like	pipelines,	bridges,	and	automotive
components	requiring	exceptional	strength	and	weight	efficiency.	It’s	important	to	remember	that	the	“strongest”	steel	isn’t	necessarily	the	best	choice	for	every	situation.	The	ideal	steel	type	depends	on	the	specific	application	and	the	properties	most	critical	for	the	project.	Here	are	some	factors	to	consider:	Tensile	Strength:	As	mentioned	earlier,	this	refers	to	a	steel’s	ability	to	resist	pulling	forces.	It’s	crucial	for	applications	like	cables,	wires,	and	high-pressure	vessels.	Yield	Strength:	This	indicates	the	amount	of	stress	a	steel	can	withstand	before
permanent	deformation	occurs.	It’s	important	for	components	under	constant	load,	such	as	beams	and	support	structures.	Ductility:	This	refers	to	a	steel’s	ability	to	bend	or	deform	without	breaking.	Ductility	is	essential	for	applications	requiring	flexibility	or	the	ability	to	absorb	impact,	such	as	car	frames	and	crash	barriers.	Hardness:	This	property	determines	a	steel’s	resistance	to	indentation	or	wear.	Hard	steels	are	ideal	for	cutting	tools,	bearings,	and	wear	plates.	By	understanding	the	different	types	of	steel,	their	properties,	and	the	demands	of	the
application,	engineers	and	manufacturers	can	select	the	most	suitable	steel	for	optimal	performance.	Yes,	several	materials	are	harder	than	steel.	Hardness	Scale:	Steel	is	measured	on	the	Mohs	hardness	scale,	and	there	are	materials	that	surpass	its	hardness.	For	example,	natural	diamonds,	boron	nitride,	and	certain	ceramics	are	harder	than	steel.	Application-Specific	Hardness:	While	steel	is	known	for	its	strength	and	toughness,	materials	with	superior	hardness	may	be	used	in	specific	applications,	such	as	cutting	tools	and	abrasives.	Steel	is	a	type	of
metal,	but	not	all	metals	are	steel.	Metals	refer	to	a	broader	category	of	elements	characterized	by	their	metallic	properties,	while	steel	specifically	denotes	an	alloy	composed	of	iron	and	carbon.	Steel	is	a	specific	type	of	metal.	Composition:	Steel	is	an	alloy	composed	mainly	of	iron	and	carbon,	with	other	elements	depending	on	the	specific	type	of	steel.	Metal,	in	a	broader	sense,	refers	to	a	class	of	chemical	elements	that	exhibit	metallic	properties.	Diversity	of	Metals:	Metals	include	a	wide	range	of	elements	like	aluminum,	copper,	gold,	silver,	and	more.
Each	metal	has	its	own	unique	properties	and	applications.	Versatility	of	Steel:	While	steel	is	a	type	of	metal,	its	versatility	and	specific	properties	make	it	a	distinct	material	with	a	wide	range	of	applications,	from	construction	to	manufacturing,	setting	it	apart	from	other	metals.	CRU	stands	for	Commodities	Research	Unit.	Originally	a	copper	research	specialist,	CRU	is	now	a	global	commodities	research	and	price	reporting	agency	(PRA).	CRU	provides	global	economic	price	assessments	for	various	commodities	in	metals,	mining,	and	fertilizers.	These
assessments	are	used	by	major	players	in	mining,	trading,	manufacturing,	construction,	and	financial	services.	“The	CRU”	refers	to	the	CRU	Index,	the	leading	benchmark	for	pricing	hot-rolled	coil	(HRC)	steel	in	North	America.	It	functions	like	a	stock	market	index	for	steel,	allowing	investors	to	track	historical	and	current	steel	prices.	The	CRU	Index	is	the	settlement	price	for	steel	futures	and	options	contracts	on	the	Chicago	Mercantile	Exchange	(CME).	Over	95%	of	physical	contracts	for	hot-rolled	coil	steel	in	the	U.S.	reference	the	CRU	Index.	This	fosters
transparency	and	facilitates	price	forecasting,	discovery,	and	risk	management.	CRU	collects	transactional	data	on	a	weekly	basis	through	their	CRU	Price	Collection	Platform	(CPCP)	from	verified	steel	mills,	service	centers,	and	manufacturers.	The	data	reflects	actual	transactions	on	a	Free	On	Board	(FOB)	mill	basis	and	is	volume-weighted.	The	data	undergoes	a	meticulous	review	process	to	eliminate	errors	and	outliers.	The	final	price	assessment	is	released	weekly,	reflecting	business	conducted	during	the	previous	week.	The	CRU	Index	only	considers	spot
prices	for	U.S.-made,	prime	hot-rolled	coil,	measured	per	ton,	excluding	bids,	offers,	or	opinions.	Steel	market	price	refers	to	the	overall	cost	of	steel	globally,	influenced	by	supply,	demand,	and	production	costs.	Steel	product	price	refers	to	the	cost	of	a	specific	steel	product	(e.g.,	a	beam)	and	considers	additional	factors	like	production	specific	to	the	product,	transportation,	and	distribution.	The	CRU	Index	provides	a	starting	point,	but	steel	product	prices	can	vary	based	on	region,	supplier,	order	volume,	and	product	type.	Businesses	should	consider	these
factors	alongside	the	CRU	Index	when	negotiating	steel	contracts.	Electrical	steel	is	a	specialized	steel	alloy	primarily	composed	of	iron	and	silicon,	typically	containing	1-6.5%	silicon.	This	addition	of	silicon	significantly	alters	the	material’s	magnetic	properties,	making	it	ideal	for	applications	requiring	high	permeability	and	low	energy	losses	in	alternating	current	(AC)	magnetic	fields.	NOES	plays	a	crucial	role	in	the	performance	and	efficiency	of	electric	motors,	a	vital	component	in:	Battery	electric	vehicles	(BEVs)	Plug-in	hybrid	electric	vehicles	(PHEVs)
Hybrid	vehicles	The	current	domestic	capacity	of	high-end	NOES	in	the	U.S.	falls	short	of	what	is	required	to	meet	the	anticipated	growth	in	the	electric	vehicle	market.	This	poses	a	challenge	in	achieving	the	national	goal	of	net-zero	greenhouse	gas	emissions	by	2050.	ArcelorMittal’s	project,	therefore,	addresses	a	critical	need	by:	Reducing	U.S.	reliance	on	imported	NOES	Expanding	domestic	supply	to	satisfy	growing	demand	Electrical	steel	finds	application	in	a	wide	range	of	electrical	devices	and	systems:	Transformers:	The	core	component	of
transformers,	responsible	for	efficiently	transferring	electrical	energy	between	different	voltage	levels.	Electric	Motors:	The	core	material	in	electric	motors,	converting	electrical	energy	into	mechanical	rotation.	Generators:	Essential	for	generating	electrical	power	through	the	conversion	of	mechanical	energy.	Appliances:	Used	in	various	household	appliances	like	motors	in	refrigerators,	washing	machines,	and	compressors.	Electrical	steel	is	a	critical	material	for	the	manufacturing	of	transformers,	motors,	and	generators	used	in	the	power	grid	and
industrial	applications.	As	the	U.S.	continues	to	invest	in	upgrading	and	expanding	its	electrical	infrastructure,	the	demand	for	electrical	steel	is	likely	to	grow.	The	increasing	adoption	of	electric	vehicles	is	also	expected	to	drive	higher	demand	for	electrical	steel,	as	it	is	a	key	component	in	the	motors	and	transformers	used	in	EVs.	Overall,	industry	analysts	project	that	the	global	demand	for	electrical	steel	will	continue	to	rise	in	the	coming	years,	driven	by	factors	like	grid	modernization,	growth	in	renewable	energy,	and	the	electrification	of	transportation.
High	Permeability:	Electrical	steel	allows	magnetic	flux	to	pass	through	it	easily,	crucial	for	efficient	energy	transfer	in	transformers,	motors,	and	generators.	Low	Core	Losses:	Minimizing	energy	dissipation	as	heat	within	the	core	is	essential,	and	electrical	steel	exhibits	low	hysteresis	and	eddy	current	losses.	Grain	Structure:	The	crystallographic	structure	of	the	steel	significantly	impacts	its	magnetic	properties.	Grain-oriented	electrical	steel	(GOES)	undergoes	specific	processing	to	align	the	grains	in	a	preferred	direction,	further	enhancing	its	performance.
The	production	of	electrical	steel	involves	several	key	steps:	Melting	and	Refining:	Raw	materials	like	iron	ore	and	silicon	are	melted	and	refined	to	achieve	the	desired	chemical	composition.	Casting:	The	molten	steel	is	cast	into	slabs	or	ingots.	Hot	Rolling:	The	slabs	are	hot-rolled	into	coils.	Cold	Rolling:	The	coils	are	further	reduced	in	thickness	through	cold	rolling,	often	with	intermediate	annealing	steps	to	control	the	microstructure.	Decarburization	(for	GOES):	In	the	case	of	GOES,	a	decarburization	process	removes	excess	carbon,	further	optimizing	its
magnetic	properties.	Grain	Orientation	(for	GOES):	GOES	undergoes	specific	thermo-magnetic	treatments	to	align	the	grain	structure	in	a	preferred	direction.	Annealing:	Final	heat	treatment	optimizes	the	material’s	magnetic	properties	and	relieves	any	residual	stresses.	Coating:	A	thin	insulating	layer	is	often	applied	to	minimize	eddy	current	losses	within	the	core.	Slitting:	The	processed	steel	coils	are	then	slit	into	narrow	strips	or	laminations	of	desired	widths	for	specific	applications.	Reducing	eddy	current	losses:	Cutting	the	steel	into	thin	strips	helps
minimize	the	formation	of	eddy	currents,	which	can	cause	energy	losses	in	the	core	of	electrical	equipment.	Thinner	laminations	reduce	the	path	length	for	induced	currents.	Improving	magnetic	properties:	The	slitting	process	helps	to	align	the	grain	structure	of	the	steel,	improving	its	magnetic	permeability	and	reducing	core	losses.	Enabling	efficient	stacking:	Narrower	strips	can	be	more	efficiently	stacked	and	assembled	into	the	core	of	transformers,	motors,	and	generators,	optimizing	the	use	of	space.	Facilitating	handling	and	transportation:	Slitting	the
large	steel	coils	into	narrower	coils	makes	the	material	easier	to	handle,	transport,	and	install	in	electrical	equipment.	Mechanical	slitting	involves	using	a	series	of	rotating	blades	or	shears	to	cut	the	steel	sheet	into	narrower	strips.	This	is	the	most	widely	used	slitting	method	for	electrical	steels	due	to	its	simplicity,	speed,	and	cost-effectiveness.	Mechanical	slitters	can	achieve	tight	tolerances	and	produce	clean,	burr-free	edges	on	the	slit	strips.	Laser	slitting	uses	a	high-energy	laser	beam	to	precisely	cut	the	steel	sheet	along	the	desired	width.	Laser	slitting
can	produce	very	narrow	strips	with	extremely	tight	dimensional	tolerances	and	minimal	edge	deformation.	This	method	is	particularly	useful	for	cutting	thinner	gauge	electrical	steels	or	producing	specialty	products.	Waterjet	slitting	uses	a	high-pressure	stream	of	water,	sometimes	mixed	with	an	abrasive,	to	cut	the	steel	sheet.	Waterjet	slitting	can	handle	thicker	gauge	electrical	steels	and	produces	clean,	burr-free	edges	without	heat-affected	zones.	This	method	is	more	expensive	than	mechanical	slitting	but	can	be	advantageous	for	certain	applications.
Plasma	slitting	uses	a	high-temperature	plasma	arc	to	melt	and	cut	the	steel	sheet.	Plasma	slitting	can	handle	thicker	electrical	steel	sheets	and	produces	a	narrow	kerf	(cut	width)	with	minimal	edge	distortion.	This	method	is	less	common	than	mechanical	or	laser	slitting	for	electrical	steels.	The	selection	of	the	slitting	method	depends	on	factors	like	steel	thickness,	desired	strip	width,	edge	quality	requirements,	production	volume,	and	cost	considerations.	Hundredweight	(CWT)	is	a	unit	of	measurement	commonly	used	in	the	steel	industry	for	pricing	and
trading	purposes.	One	hundredweight	is	equal	to	100	pounds	in	the	United	States.	This	pricing	method	is	often	expressed	as	dollars	per	hundredweight	($/cwt)	or	dollars	per	100	pounds.	Pricing	MethodSteel	is	typically	priced	by	hundredweight	(CWT),	which	represents	the	price	per	100	pounds	of	material.	For	example,	a	CWT	price	of	$40	would	be	equivalent	to	$0.40	per	pound.	This	pricing	method	allows	for	standardized	comparisons	and	calculations	in	the	industry.	Conversion	to	Other	UnitsWhile	steel	is	priced	in	hundredweight,	it	is	often	ordered	and
sold	in	tons.	To	convert	CWT	pricing	to	dollars	per	ton,	simply	multiply	the	$/cwt	by	20.	For	instance:	$40/cwt	=	$800/ton	(US	short	ton	of	2,000	pounds)	Practical	ApplicationIn	the	steel	industry,	CWT	pricing	is	used	for	various	products,	including:	Steel	plates	Hot	rolled	steel	Cold	rolled	steel	Other	steel	products	Standardization:	CWT	provides	a	consistent	unit	of	measurement	for	pricing	steel	products	across	the	industry.	Ease	of	Calculation:	It	simplifies	pricing	calculations	for	both	buyers	and	sellers,	especially	when	dealing	with	large	quantities.
Flexibility:	CWT	can	be	easily	converted	to	other	units	like	pounds	or	tons,	allowing	for	versatile	pricing	strategies.	While	CWT	is	common	in	the	US	steel	industry,	some	international	trades	may	use	metric	tonnes	or	other	units.	In	addition	to	CWT,	the	steel	industry	also	uses	terms	like	“gross	tons”	(GT)	for	measuring	steel	scrap,	which	equals	2,240	pounds.	Understanding	CWT	pricing	is	crucial	for	anyone	involved	in	steel	trading	or	procurement,	as	it	forms	the	basis	for	most	pricing	negotiations	and	comparisons	in	the	industry.	Steel	is	a	remarkable	material
with	a	rich	history	and	a	wide	range	of	applications.	Its	composition,	types,	properties,	and	applications	make	it	an	indispensable	resource	in	industries	worldwide.	From	construction	to	manufacturing,	steel’s	strength,	durability,	and	versatility	continue	to	shape	the	modern	world.	Despite	its	advantages,	considerations	such	as	corrosion	and	environmental	impact	highlight	the	ongoing	quest	for	advancements	in	steel	production	and	applications.	Steel	is	produced	via	two	main	routes:	the	blast	furnace-basic	oxygen	furnace	(BF-BOF)	route	and	electric	arc
furnace	(EAF)	route.	Variations	and	combinations	of	production	routes	also	exist.	The	key	difference	between	the	routes	is	the	type	of	raw	materials	they	consume.	For	the	BF-BOF	route	these	are	predominantly	iron	ore,	coal,	and	recycled	steel,	while	the	EAF	route	produces	steel	using	mainly	recycled	steel	and	electricity.	Depending	on	the	plant	configuration	and	availability	of	recycled	steel,	other	sources	of	metallic	iron	such	as	direct-reduced	iron	(DRI)	or	hot	metal	can	also	be	used	in	the	EAF	route.	A	total	of	around	70%	of	steel	is	produced	using	the	BF-
BOF	route.	First,	iron	ores	are	reduced	to	iron,	also	called	hot	metal	or	pig	iron.	Then	the	iron	is	converted	to	steel	in	the	BOF.	After	casting	and	rolling,	the	steel	is	delivered	as	coil,	plate,	sections	or	bars.	Steel	made	in	an	EAF	uses	electricity	to	melt	recycled	steel.	Additives,	such	as	alloys,	are	used	to	adjust	to	the	desired	chemical	composition.	Electrical	energy	can	be	supplemented	with	oxygen	injected	into	the	EAF.	Downstream	process	stages,	such	as	casting,	reheating	and	rolling,	are	similar	to	those	found	in	the	BF-BOF	route.	About	30%	of	steel	is
produced	via	the	EAF	route.	Another	steelmaking	technology,	the	open	hearth	furnace	(OHF),	makes	up	about	0.4%	of	global	steel	production.	The	OHF	process	is	very	energy-intensive	and	is	in	decline	owing	to	its	environmental	and	economic	disadvantages.	Most	steel	products	remain	in	use	for	decades	before	they	can	be	recycled.	Therefore,	there	is	not	enough	recycled	steel	to	meet	growing	demand	using	the	EAF	steelmaking	method	alone.	Demand	is	met	through	the	combined	use	of	the	BF-BOF	and	EAF	production	methods.	All	of	these	production
methods	can	use	recycled	steel	scrap	as	an	input.	Most	new	steel	contains	recycled	steel.	Check	out	our	infographic	Overview	of	the	steelmaking	process	or	our	publication	World	Steel	in	Figures	for	more	information.	June	27,	2025	|	Categorized	in:	Types	Original	resource	published	February	2021,	information	updated	June	2025	Steel	is	one	of	the	most	useful	and	important	materials	in	the	world.	In	the	simplest	context,	steel	is	composed	of	iron	and	carbon,	but	in	actuality,	steel	isn’t	so	simple.	The	concentration	of	carbon	and	iron	(or	the	addition	of	other
alloying	elements)	affects	steel’s	properties	and	strength,	which	aids	in	steel’s	usefulness	for	an	endless	variety	of	industries	and	projects.	In	this	resource,	you’ll	find	steel	types,	popular	grades,	classification	methods,	and	usages,	along	with	our	full	ASTM	Steel	Grade	chart	at	the	bottom.	Let’s	start	by	explaining	the	four	main	types	of	steel	categories.	Four	types	of	steel:	Carbon,	alloy,	stainless,	&	tool	steel	Steel	is	a	highly	versatile	material	that	can	be	used	in	various	industries.	Steel	is	typically	categorized	into	types	based	on	criteria	like	chemical
composition,	physical	properties,	and	usage.	Here	are	the	four	most	common	types	of	steel:	Carbon	steels	Alloy	steels	Stainless	steels	Tool	steels	Carbon	steel	grades	Carbon	steel	has	a	higher	concentration	of	carbon	than	other	types	of	steel	(up	to	2.5%	carbon),	which	adds	to	carbon	steel’s	strength.	Carbon	steel	is	commonly	used	to	make	construction	materials,	tools,	automotive	components,	and	more.	Types	of	carbon	steel	Carbon	steel	is	further	organized	into	three	main	categories:	Low	carbon	steel	(or	mild	steel)	is	one	of	the	most	common	types	of
carbon	steel,	with	a	carbon	content	between	0.04%	and	0.30%.	Common	grades	of	mild/low	carbon	steel	include	ASTM	A36,	SAE	1008,	and	SAE	1018.	Medium	carbon	steel	has	a	carbon	range	of	0.31%	to	0.60%,	and	a	manganese	content	ranging	from	.060%	to	1.65%.	Common	grades	of	medium	carbon	steel	include	the	range	of	AISI/SAE	1030-1055,	as	well	as	4140.	High	carbon	steel,	also	known	as	tool	steel,	has	a	carbon	range	between	0.61%	and	1.50%.	Common	grades	of	high	carbon	steel	include	the	range	of	AISI/SAE	1060-1095,	as	well	as	A2,	D2,	M2,
and	H13.	Service	Steel	Warehouse	is	the	premier	supplier	of	carbon	steel	products,	including	piling,	beams,	channels,	pipe,	sheets,	and	more.	Not	only	do	we	have	a	wide	inventory	of	products,	but	we	also	offer	finishing	services	to	process	your	order	to	your	exact	specifications,	such	as	flame	cutting,	cambering,	galvanizing,	and	painting.	If	you’re	not	sure	which	steel	grade	is	right	for	your	project,	talk	to	one	of	our	steel	professionals	today.	Alloy	steel	grades	Alloy	steel	is	made	by	combining	carbon	steel	with	one	or	several	alloying	elements,	such	as	titanium,
copper,	chromium,	aluminum,	manganese,	silicon,	and	nickel.	This	produces	specific	properties	that	are	not	found	in	standard	carbon	steel.	Common	alloy	steel	grades	include	4130,	4140,	4340,	and	8620	for	their	balance	of	characteristics	like	strength,	toughness,	machinability,	and	weldability.	Stainless	steel	grades	Stainless	steel	is	a	type	of	steel	alloy	that	contains	a	minimum	of	11%	chromium,	which	helps	the	material	resist	corrosion.	It	is	widely	used	in	applications	where	corrosion	resistance	is	essential,	such	as	kitchen	utensils	and	cutlery.	Common
stainless	steel	grades	include	304,	316,	409,	and	430,	which	cover	austenitic,	ferritic,	and	martensitic	stainless	steels.	Tool	steel	grades	Tool	steel	is	a	type	of	steel	alloy	whose	hardness,	resistance	to	abrasion,	and	ability	to	retain	shape	at	increased	temperatures	make	it	a	popular	choice	for	hand	tools	and	machine	dies.	Common	tool	steel	grades	include	W1,	A2,	D2,	M2,	and	H13,	used	for	applications	like	blacksmithing	tools,	knife	blades,	dies,	and	more.	Steel	classifications	Steel	can	also	be	classified	by	several	different	factors,	including:	Composition
(carbon	range,	alloy,	stainless,	etc.)	Finishing	method	(hot	rolled,	cold	rolled,	cold	finished,	etc.)	Production	method	(electric	furnace,	continuous	cast,	etc.)	Microstructure	(ferritic,	pearlitic,	martensitic,	etc.)	Physical	strength	(per	ASTM	standards)	De-oxidation	process	(killed	or	semi-killed)	Heat	treatment	(annealed,	tempered,	etc.)	Quality	nomenclature	(commercial	quality,	pressure	vessel	quality,	drawing	quality,	etc.)	Steel	numbering	systems	The	steel	industry	uses	two	major	numbering	systems	to	classify	steel	grades,	the	American	Iron	&	Steel	Institute
(AISI)	and	Society	of	Automotive	Engineers	(SAE)	systems.	Both	the	AISI	and	SAE	systems	primarily	use	four-digit	numeric	codes	to	identify	a	material’s	base	carbon	or	alloy	steel;	however,	some	select	alloy	steels	have	five-digit	codes.	All	carbon	steels	start	with	a	one	(1)	in	both	the	SAE	&	AISI	systems.	Carbon	steels	are	then	further	subdivided	into	four	categories	by	their	underlying	properties.	The	four	categories	are:	Plain	carbon	steel:	10xx	series	(containing	1.00%	Mn	maximum)	Resulfurized	carbon	steel:	11xx	series	Resulfurized	and	rephosphorized
carbon	steel:	12xx	series	Non-resulfurized	high-manganese:	15xx	series	(containing	up	to	1.65%	Mn)	The	first	digit	on	all	other	alloy	steels	(under	the	SAE-AISI	system)	are	classified	as	follows:	2	Nickel	steels	3	Nickel-chromium	steels.	4	Molybdenum	steels.	5	Chromium	steels.	6	Chromium-vanadium	steels.	7	Tungsten-chromium	steels.	8	Nickel-chromium-molybdenum	steels	9	Silicon-manganese	steels	and	various	other	SAE	grades	The	second	digit	of	a	series	typically	indicates	the	concentration	of	the	major	element	in	percentiles.	The	last	two	digits	of	a
series	indicate	the	carbon	concentration.	Steel	grades	&	standards	According	to	the	World	Steel	Association,	there	are	over	3,500	different	grades	of	steel.	At	its	core,	steel	is	composed	of	iron	and	carbon,	but	the	amount	of	carbon,	level	of	impurities,	and	additional	alloying	elements	all	contribute	to	what	grade	steel	is	classified.	Each	steel	grade	has	its	unique	properties	and	typical	end-use.	Below	are	the	common	grades	of	steel	and	their	uses	as	determined	by	the	American	Society	for	Testing	and	Materials	(ASTM).		ASTM	steel	standards	ASTM
International	is	a	nonprofit	organization	that	brings	together	experts	from	various	industries	to	develop	and	maintain	a	vast	collection	of	voluntary	consensus	standards.	These	ASTM	standards	cover	a	wide	range	of	aspects,	including	material	composition,	mechanical	properties,	testing	methods,	and	specifications	for	various	steel	products.	Steel	Standards	for	Architectural	Metal	Fence	Systems	Grade/Designation	Type	of	Steel	F2408	–	16	Ornamental	fences	with	galvanized	steel	tubular	pickets		F2453	/	F2453M	–	14(2019)	Welded	wire	mesh	fence	fabric	
F2548	–	20	Expanded	metal	fence	systems	for	security	purposes	F2589	–	16	Ornamental	fences	with	steel	tubular	pickets	F2919	/	F2919M	–	12(2018)	Welded	wire	mesh	fence	fabric	(metallic-coated	or	polymer	coated)	with	variable	mesh	patterns	or	meshes	greater	than	6	in.2	[3871	mm2]	in	panels	F2957	–	13(2019)e1	Ornamental	aluminum	fence	systems	Steel	Bars	Grade/Designation	Type	of	Steel	A29	/	A29M	–	20	Steel	bars,	carbon	and	alloy,	hot-wrought	A108	–	18	Steel	bar,	carbon	and	alloy,	cold-finished	A125	–	96(2018)	Steel	springs,	helical,	heat-treated
A255	–	20a	Standard	test	methods	for	determining	hardenability	of	steel	A304	–	20	Carbon	and	alloy	steel	bars	subject	to	end-quench	hardenability	requirements	A311	/	A311M	–	04(2020)	Cold-drawn,	stress-relieved	carbon	steel	bars	subject	to	mechanical	property	requirements	A322	–	13(2018)e1	Steel	bars,	alloy,	standard	grades	A355	–	89(2017)	Steel	bars,	alloys,	for	nitriding	A400	–	17	Steel	bars,	selection	guide,	composition,	and	mechanical	properties	A434	/	A434M	–	18	Steel	bars,	alloy,	hot-wrought	or	cold-finished,	quenched	and	tempered	A499	–
15(2020)	Steel	bars	and	shapes,	carbon	rolled	from	“T”	rails	A575	–	20	Steel	bars,	carbon,	merchant	quality,	M-grades	A576	–	17	Steel	bars,	carbon,	hot-wrought,	special	quality	A663	/	A663M	–	17	Steel	bars,	carbon,	merchant	quality,	mechanical	properties	A675	/	A675M	–	14(2019)	Steel	bars,	carbon,	hot-wrought,	special	quality,	mechanical	properties	A689	–	97(2018)	Carbon	and	alloy	steel	bars	for	springs	A696	–	17	Steel	bars,	carbon,	hot-wrought	or	cold-finished,	special	quality,	for	pressure	piping	components	A702	–	13(2018)	Steel	fence	posts,	hot
wrought	A739	–	90a(2016)	Steel	bars,	alloy,	hot-wrought,	for	elevated	temperature	or	pressure-containing	parts,	or	both	A914	/	A914M	–	19	Steel	bars	subject	to	restricted	end-quench	hardenability	requirements	A920	/	A920M	–	14(2019)	Steel	bars,	microalloy,	hot-wrought,	special	quality,	mechanical	properties	A921	/	A921M	–	93(2016)	Steel	bars,	microalloy,	hot-wrought,	special	quality,	for	subsequent	hot	forging	A1040	–	17	Harmonized	standard	grade	compositions	for	wrought	carbon,	low-alloy,	and	alloy	steels	A1075	–	12(2017)e1	Flanged	steel	U-
channel	posts	E618	–	07(2018)	Standard	test	method	for	evaluating	machining	performance	of	ferrous	metals	using	an	automatic	screw/bar	machine	Carbon	Steel	Tubular	Products	Designation	Type	of	Steel	A53	/	A53M	–	20	Pipe,	steel,	black	and	hot-dipped,	zinc-coated,	welded	and	seamless	A106	/	A106M	–	19a	Seamless	carbon	steel	pipe	for	high-temperature	service	A134	/	A134M	–	19	Standard	specification	for	pipe,	steel,	electric-fusion	(arc)-welded	(sizes	nps	16	and	over)	A135	/	A135M	–	20	Standard	specification	for	electric-resistance-welded	steel	pipe
A139	/	A139M	–	16	Standard	specification	for	electric-fusion	(arc)-welded	steel	pipe	(nps	4	and	over)	A178	/	A178M	–	19	Standard	specification	for	electric-resistance-welded	carbon	steel	and	carbon-manganese	steel	boiler	and	superheater	tubes	A179	/	A179M	–	19	Standard	specification	for	seamless	cold-drawn	low-carbon	steel	heat-exchanger	and	condenser	tubes	A192	/	A192M	–	17	Standard	specification	for	seamless	carbon	steel	boiler	tubes	for	high-pressure	service	A210	/	A210M	–	19	Standard	specification	for	seamless	medium-carbon	steel	boiler	and
superheater	tubes	A214	/	A214M	–	19	Standard	specification	for	electric-resistance-welded	carbon	steel	heat-exchanger	and	condenser	tubes	A252	/	A252M	–	19	Standard	specification	for	welded	and	seamless	steel	pipe	piles	A254	/	A254M	–	12(2019)	Standard	specification	for	copper-brazed	steel	tubing	A381	/	A381M	–	18	Standard	specification	for	metal-arc-welded	carbon	or	high-strength	low-alloy	steel	pipe	for	use	with	high-pressure	transmission	systems	A423	/	A423M	–	19	Standard	specification	for	seamless	and	electric-welded	low-alloy	steel	tubes	A450
/	A450M	–	18a	Standard	specification	for	general	requirements	for	carbon	and	low	alloy	steel	tubes	A498	/	A498M	–	17	Standard	specification	for	seamless	and	welded	carbon	steel	heat-exchanger	tubes	with	integral	fins	A500	/	A500M	–	20	Standard	specification	for	cold-formed	welded	and	seamless	carbon	steel	structural	tubing	in	rounds	and	shapes	A501	/	A501M	–	14	Standard	specification	for	hot-formed	welded	and	seamless	carbon	steel	structural	tubing	A512	–	18	Standard	specification	for	cold-drawn	buttweld	carbon	steel	mechanical	tubing	A513	/
A513M	–	20a	Standard	specification	for	electric-resistance-welded	carbon	and	alloy	steel	mechanical	tubing	A519	/	A519M	–	17	Standard	specification	for	seamless	carbon	and	alloy	steel	mechanical	tubing	A523	/	A523M	–	20	Standard	specification	for	plain	end	seamless	and	electric-resistance-welded	steel	pipe	for	high-pressure	pipe-type	cable	circuits	A524	–	17	Standard	specification	for	seamless	carbon	steel	pipe	for	atmospheric	and	lower	temperatures	A530	/	A530M	–	18	Standard	specification	for	general	requirements	for	specialized	carbon	and	alloy
steel	pipe	A556	/	A556M	–	18	Standard	specification	for	seamless	cold-drawn	carbon	steel	feedwater	heater	tubes	A587	–	96(2019)	Standard	specification	for	electric-resistance-welded	low-carbon	steel	pipe	for	the	chemical	industry	A589	/	A589M	–	06(2018)	Standard	specification	for	seamless	and	welded	carbon	steel	water-well	pipe	A595	/	A595M	–	18	Standard	specification	for	steel	tubes,	low-carbon	or	high-strength	low-alloy,	tapered	for	structural	use	A618	/	A618M	–	04(2015)	Standard	specification	for	hot-formed	welded	and	seamless	high-strength	low-
alloy	structural	tubing	A671	/	A671M	–	20	Standard	specification	for	electric-fusion-welded	steel	pipe	for	atmospheric	and	lower	temperatures	A672	/	A672M	–	19	Standard	specification	for	electric-fusion-welded	steel	pipe	for	high-pressure	service	at	moderate	temperatures	A691	/	A691M	–	19	Standard	specification	for	carbon	and	alloy	steel	pipe,	electric-fusion-welded	for	high-pressure	service	at	high	temperatures	A733	–	16	Standard	specification	for	welded	and	seamless	carbon	steel	and	austenitic	stainless	steel	pipe	nipples	A787	/	A787M	–	20a	Standard
specification	for	electric-resistance-welded	metallic-coated	carbon	steel	mechanical	tubing	A795	/	A795M	–	13(2020)	Standard	specification	for	black	and	hot-dipped	zinc-coated	(galvanized)	welded	and	seamless	steel	pipe	for	fire	protection	use	A822	/	A822M	–	20	Standard	specification	for	seamless	cold-drawn	carbon	steel	tubing	for	hydraulic	system	service	A847	/	A847M	–	20	Standard	specification	for	cold-formed	welded	and	seamless	high-strength,	low-alloy	structural	tubing	with	improved	atmospheric	corrosion	resistance	A865	/	A865M	–	06(2017)
Standard	specification	for	threaded	couplings,	steel,	black	or	zinc-coated	(galvanized)	welded	or	seamless,	for	use	in	steel	pipe	joints	A972	/	A972M	–	00(2015)	Standard	specification	for	fusion	bonded	epoxy-coated	pipe	piles	A1024	/	A1024M	–	18	Standard	specification	for	steel	line	pipe,	black,	plain-end,	seamless	A1065	/	A1065M	–	18	Standard	specification	for	cold-formed	electric-fusion	(arc)	welded	high-strength	low–alloy	structural	tubing	in	shapes,	with	50	ksi	[345	mpa]	minimum	yield	point	A1076	/	A1076M	–	20	Standard	specification	for	cold	formed
carbon	structural	steel	tubing	made	from	metallic	precoated	sheet	steel	A1085	/	A1085M	–	15	Standard	specification	for	cold-formed	welded	carbon	steel	hollow	structural	sections	(hss)	A1097	–	16	Standard	specification	for	steel	casing	pipe,	electric-fusion	(arc)-welded	(outside	diameter	of	10	in.	And	larger)	A1103	/	A1103M	–	16	Standard	specification	for	seamless	cold-finished	carbon	steel	structural	frame	tubing	for	automotive	racing	applications	A1110	/	A1110M	–	18	Standard	specification	for	cold-formed	welded	and	seamless	carbon	steel	structural
tubing	in	rounds	and	shapes	with	52	ksi	[360	mpa]	minimum	yield	strength	and	impact	requirements	A1112	/	A1112M	–	18	Standard	specification	for	cold-formed	welded	high	strength	carbon	steel	or	high-strength	low-alloy	steel	hollow	structural	sections	(hss)	in	rounds	and	shapes	Castings	Designation	Type	of	Steel	A27	/	A27M	–	20	Standard	specification	for	steel	castings,	carbon,	for	general	application	A99	–	03(2019)	Standard	specification	for	ferromanganese	A100	–	07(2018)	Standard	specification	for	ferrosilicon	A101	–	04(2019)	Standard	specification
for	ferrochromium	A102	–	04(2019)	Standard	specification	for	ferrovanadium	A128	/	A128M	–	19	Standard	specification	for	steel	castings,	austenitic	manganese	A132	–	04(2019)	Standard	specification	for	ferromolybdenum	A144	–	04(2019)	Standard	specification	for	ferrotungsten	A146	–	04(2019)	Standard	specification	for	molybdenum	oxide	products	A148	/	A148M	–	20e1	Standard	specification	for	steel	castings,	high	strength,	for	structural	purposes	A216	/	A216M	–	18	Standard	specification	for	steel	castings,	carbon,	suitable	for	fusion	welding,	for	high-
temperature	service	A217	/	A217M	–	20	Standard	specification	for	steel	castings,	martensitic	stainless	and	alloy,	for	pressure-containing	parts,	suitable	for	high-temperature	service	A297	/	A297M	–	20	Standard	specification	for	steel	castings,	iron-chromium	and	iron-chromium-nickel,	heat	resistant,	for	general	application	A323	–	05(2020)	Standard	specification	for	ferroboron	A324	–	08(2019)	Standard	specification	for	ferrotitanium	A351	/	A351M	–	18e1	Standard	specification	for	castings,	austenitic,	for	pressure-containing	parts	A352	/	A352M	–	18a	Standard
specification	for	steel	castings,	ferritic	and	martensitic,	for	pressure-containing	parts,	suitable	for	low-temperature	service	A356	/	A356M	–	16	Standard	specification	for	steel	castings,	carbon,	low	alloy,	and	stainless	steel,	heavy-walled	for	steam	turbines	A389	/	A389M	–	13(2018)	Standard	specification	for	steel	castings,	alloy,	specially	heat	treated,	for	pressure-containing	parts,	suitable	for	high-temperature	service	A426	/	A426M	–	18	Standard	specification	for	centrifugally	cast	ferritic	alloy	steel	pipe	for	high-temperature	service	A447	/	A447M	–	11(2016)
Standard	specification	for	steel	castings,	chromium-nickel-iron	alloy	(25-12	class),	for	high-temperature	service	A451	/	A451M	–	20	Standard	specification	for	centrifugally	cast	austenitic	steel	pipe	for	high-temperature	service	A481	–	05(2020)	Standard	specification	for	chromium	metal	A482	/	A482M	–	11(2016)	Standard	specification	for	ferrochrome-silicon	A483	/	A483M	–	10(2020)	Standard	specification	for	silicomanganese	A487	/	A487M	–	20	Standard	specification	for	steel	castings	suitable	for	pressure	service	A488	/	A488M	–	18e2	Standard	practice	for
steel	castings,	welding,	qualifications	of	procedures	and	personnel	A494	/	A494M	–	18a	Standard	specification	for	castings,	nickel	and	nickel	alloy	A495	–	06(2020)	Standard	specification	for	calcium-silicon	alloys	A550	–	16	Standard	specification	for	ferrocolumbium	(ferroniobium)	A560	/	A560M	–	12(2018)	Standard	specification	for	castings,	chromium-nickel	alloy	A601	/	A601M	–	10(2020)	Standard	specification	for	electrolytic	manganese	metal	A608	/	A608M	–	20	Standard	specification	for	centrifugally	cast	iron-chromium-nickel	high-alloy	tubing	for	pressure
application	at	high	temperatures	A609	/	A609M	–	12(2018)	Standard	practice	for	castings,	carbon,	low-alloy,	and	martensitic	stainless	steel,	ultrasonic	examination	thereof	A610	–	79(2019)	Standard	test	methods	for	sampling	and	testing	ferroalloys	for	determination	of	size	A636	–	08(2018)	Standard	specification	for	nickel	oxide	sinter	A660	/	A660M	–	11(2016)	Standard	specification	for	centrifugally	cast	carbon	steel	pipe	for	high-temperature	service	A701	/	A701M	–	10(2020)	Standard	specification	for	ferromanganese-silicon	A703	/	A703M	–	20a	Standard
specification	for	steel	castings,	general	requirements,	for	pressure-containing	parts	A732	/	A732M	–	20	Standard	specification	for	castings,	investment,	carbon	and	low-alloy	steel	for	general	application,	and	cobalt	alloy	for	high	strength	at	elevated	temperatures	A743	/	A743M	–	19	Standard	specification	for	castings,	iron-chromium,	iron-chromium-nickel,	corrosion	resistant,	for	general	application	A744	/	A744M	–	20a	Standard	specification	for	castings,	iron-chromium-nickel,	corrosion	resistant,	for	severe	service	A747	/	A747M	–	18	Standard	specification	for
steel	castings,	stainless,	precipitation	hardening	A757	/	A757M	–	15	Standard	specification	for	steel	castings,	ferritic	and	martensitic,	for	pressure-containing	and	other	applications,	for	low-temperature	service	A781	/	A781M	–	20a	Standard	specification	for	castings,	steel	and	alloy,	common	requirements,	for	general	industrial	use	A799	/	A799M	–	10(2020)	Standard	practice	for	steel	castings,	stainless,	instrument	calibration,	for	estimating	ferrite	content	A800	/	A800M	–	20	Standard	practice	for	estimating	ferrite	content	of	stainless	steel	castings	containing
both	ferrite	and	austenite	A802	–	19	Standard	practice	for	steel	castings,	surface	acceptance	standards,	visual	examination	A835	/	A835M	–	10(2020)	Standard	specification	for	sizes	of	ferroalloys	and	alloy	additives	A872	/	A872M	–	14	Standard	specification	for	centrifugally	cast	ferritic/austenitic	stainless	steel	pipe	for	corrosive	environments	A890	/	A890M	–	18a	Standard	specification	for	castings,	iron-chromium-nickel-molybdenum	corrosion-resistant,	duplex	(austenitic/ferritic)	for	general	application	A903	/	A903M	–	99(2017)	Standard	specification	for	steel
castings,	surface	acceptance	standards,	magnetic	particle	and	liquid	penetrant	inspection	A915	/	A915M	–	08(2018)	Standard	specification	for	steel	castings,	carbon,	and	alloy,	chemical	requirements	similar	to	standard	wrought	grades	A922	–	05(2020)	Standard	specification	for	silicon	metal	A957	/	A957M	–	20	Standard	specification	for	investment	castings,	steel	and	alloy,	common	requirements,	for	general	industrial	use	A958	/	A958M	–	17	Standard	specification	for	steel	castings,	carbon	and	alloy,	with	tensile	requirements,	chemical	requirements	similar	to
standard	wrought	grades	A985	/	A985M	–	20	Standard	specification	for	steel	investment	castings	general	requirements,	for	pressure-containing	parts	A990	/	A990M	–	20	Standard	specification	for	castings,	iron-nickel-chromium	and	nickel	alloys,	specially	controlled	for	pressure-retaining	parts	for	corrosive	service	A995	/	A995M	–	20	Standard	specification	for	castings,	austenitic-ferritic	(duplex)	stainless	steel,	for	pressure-containing	parts	A997	–	08(2018)	Standard	practice	for	investment	castings,	surface	acceptance	standards,	visual	examination	A1001	–	18
Standard	specification	for	high-strength	steel	castings	in	heavy	sections	A1002	–	16(2020)	Standard	specification	for	castings,	nickel-aluminum	ordered	alloy	A1025	/	A1025M	–	10(2020)	Standard	specification	for	ferroalloys	and	other	alloying	materials,	general	requirements	A1062	–	10(2020)	Standard	specification	for	steel	castings	sampling	A1067	/	A1067M	–	12a(2018)	Standard	specification	for	test	coupons	for	steel	castings	A1080	/	A1080M	–	19	Standard	practice	for	hot	isostatic	pressing	of	steel,	stainless	steel,	and	related	alloy	castings	A1091	/	A1091M
–	16e1	Standard	specification	for	steel	castings,	creep-strength	enhanced	ferritic	alloy,	for	pressure-containing	parts,	suitable	for	high	temperature	service	Chain	Link	Fence	and	Wire	Accessories	Designation	Type	of	Steel	A392	–	11a(2017)	Standard	specification	for	zinc-coated	steel	chain-link	fence	fabric	A491	–	11(2017)	Standard	specification	for	aluminum-coated	steel	chain-link	fence	fabric	A824	–	01(2017)	Standard	specification	for	metallic-coated	steel	marcelled	tension	wire	for	use	with	chain	link	fence	F552	–	14(2019)	Standard	terminology	relating	to
chain	link	fencing	F567	–	14a(2019)	Standard	practice	for	installation	of	chain-link	fence	F626	–	14(2019)	Standard	specification	for	fence	fittings	F668	–	17	Standard	specification	for	polyvinyl	chloride	(pvc),	polyolefin	and	other	polymer-coated	steel	chain	link	fence	fabric	F934	–	96(2017)	Standard	specification	for	standard	colors	for	polymer-coated	chain	link	fence	materials	F1043	–	18	Standard	specification	for	strength	and	protective	coatings	on	steel	industrial	fence	framework	F1083	–	18	Standard	specification	for	pipe,	steel,	hot-dipped	zinc-coated
(galvanized)	welded,	for	fence	structures	F1183	–	96(2017)	Standard	specification	for	aluminum	alloy	chain	link	fence	fabric	F1345	–	10a(2019)	Standard	specification	for	zinc-5	%	aluminum-mischmetal	alloy-coated	steel	chain-link	fence	fabric	F1379	–	95(2018)	Standard	terminology	relating	to	barbed	tape	F1553	–	11(2017)	Standard	guide	for	specifying	chain	link	fence	F1664	–	08(2018)	Standard	specification	for	poly(vinyl	chloride)	(pvc)	and	other	conforming	organic	polymer-coated	steel	tension	wire	used	with	chain-link	fence	F1665	–	08(2018)	Standard
specification	for	poly(vinyl	chloride)	(pvc)	and	other	conforming	organic	polymer-coated	steel	barbed	wire	used	with	chain-link	fence	F1910	–	98(2018)	Standard	specification	for	long	barbed	tape	obstacles	F1911	–	05(2019)	Standard	practice	for	installation	of	barbed	tape	F3000	/	F3000M	–	13(2018)	Standard	specification	for	polymer	privacy	insert	slats	for	chain	link	fabric	and	privacy	chain	link	fabric	manufactured	containing	pre-installed	privacy	slats	Computer	Applications	Designation	Type	of	Steel	F1716	–	96(2015)	Standard	guide	for	transition	and
performance	of	marine	software	systems	maintenance	F1757	–	96(2015)	Standard	guide	for	digital	communication	protocols	for	computerized	systems	F2001	–	15	Standard	guide	for	vessel-related	technical	information	for	use	in	developing	an	electronic	database	and	ship	safety	record	F2017	–	15	Standard	guide	for	database	structure	of	electronic	data	interchange	between	ship	owner	and	shipyard	for	contract	administration	F2218	–	02(2015)	Standard	guide	for	hardware	implementation	for	computerized	systems	F2446	–	04(2018)	Standard	classification
for	hierarchy	of	equipment	identifiers	and	boundaries	for	reliability,	availability,	and	maintainability	(ram)	performance	data	exchange	F3286	–	17	Standard	guide	for	cybersecurity	and	cyberattack	mitigation	Corrugated	Steel	Pipe	Specifications	Designation	Type	of	Steel	A742	/	A742M	–	20	Standard	specification	for	steel	sheet,	metallic	coated	and	polymer	precoated	for	corrugated	steel	pipe	A760	/	A760M	–	15(2020)	Standard	specification	for	corrugated	steel	pipe,	metallic-coated	for	sewers	and	drains	A761	/	A761M	–	18	Standard	specification	for
corrugated	steel	structural	plate,	zinc-coated,	for	field-bolted	pipe,	pipe-arches,	and	arches	A762	/	A762M	–	19	Standard	specification	for	corrugated	steel	pipe,	polymer	precoated	for	sewers	and	drains	A796	/	A796M	–	17a	Standard	practice	for	structural	design	of	corrugated	steel	pipe,	pipe-arches,	and	arches	for	storm	and	sanitary	sewers	and	other	buried	applications	A798	/	A798M	–	17	Standard	practice	for	installing	factory-made	corrugated	steel	pipe	for	sewers	and	other	applications	A807	/	A807M	–	19	Standard	practice	for	installing	corrugated	steel
structural	plate	pipe	for	sewers	and	other	applications	A849	–	15	Standard	specification	for	post-applied	coatings,	pavings,	and	linings	for	corrugated	steel	sewer	and	drainage	pipe	A862	/	A862M	–	98(2020)	Standard	practice	for	application	of	asphalt	coatings	to	corrugated	steel	sewer	and	drainage	pipe	A929	/	A929M	–	18	Standard	specification	for	steel	sheet,	metallic-coated	by	the	hot-dip	process	for	corrugated	steel	pipe	A930	–	09(2020)	Standard	practice	for	life-cycle	cost	analysis	of	corrugated	metal	pipe	used	for	culverts,	storm	sewers,	and	other	buried
conduits	A964	/	A964M	–	17	Standard	specification	for	corrugated	steel	box	culverts	A979	/	A979M	–	03(2019)	Standard	specification	for	concrete	pavements	and	linings	installed	in	corrugated	steel	structures	in	the	field	A998	/	A998M	–	18	Standard	practice	for	structural	design	of	reinforcements	for	fittings	in	factory–made	corrugated	steel	pipe	for	sewers	and	other	applications	A1105	–	17	Standard	specification	for	corrugated	steel	manhole	assemblies	A1107	/	A1107M	–	17	Standard	specification	for	resilient	connectors	between	reinforced	concrete
manhole	structures	and	corrugated	steel	drainage	pipes	A1108	–	17	Standard	test	method	for	determining	the	ultimate	strength	of	deep	corrugated	structural	plate	bolted	longitudinal	lapped	seams	A1113	/	A1113M	–	20	Standard	specification	for	corrugated	steel	structural	plate,	polymer-coated,	for	field-bolted	pipe,	pipe-arches,	and	arches	Editorial	Designation	Type	of	Steel	A994	–	18	Standard	guide	for	editorial	procedures	and	form	of	product	specifications	for	steel,	stainless	steel,	and	related	alloys	E527	–	16	Standard	practice	for	numbering	metals	and
alloys	in	the	unified	numbering	system	(uns)	Editorial	and	Terminology	Designation	Type	of	Steel	A902	–	18a	Standard	terminology	relating	to	metallic	coated	steel	products	Electrical	Designation	Type	of	Steel	F1003	–	19	Standard	specification	for	searchlights	on	motor	lifeboats	F1014	–	20	Standard	specification	for	flashlights	on	vessels	F1134	–	15(2019)	Standard	specification	for	insulation	resistance	monitor	for	shipboard	electrical	motors	and	generators	F1198	–	92(2018)e1	Standard	guide	for	shipboard	fire	detection	systems	F1207M	–	12(2018)	Standard
specification	for	electrical	insulation	monitors	for	monitoring	ground	resistance	in	active	electrical	systems	[metric]	F1507	–	99(2017)	Standard	specification	for	surge	suppressors	for	shipboard	use	F1669M	–	12(2018)	Standard	specification	for	insulation	monitors	for	shipboard	electrical	systems	[metric]	F1755M	–	96(2018)	Standard	specification	for	solid	state	bargraph	meters	for	shipboard	use	(metric)	F1835	–	97(2018)	Standard	guide	for	cable	splicing	installations	F1836M	–	15(2019)	Standard	specification	for	stuffing	tubes,	nylon,	and	packing	assemblies
(metric)	F1837M	–	97(2018)	Standard	specification	for	heat-shrink	cable	entry	seals	(metric)	F1883	–	20	Standard	practice	for	selection	of	wire	and	cable	size	in	awg	or	metric	units	F2044	–	09(2019)e1	Standard	specification	for	liquid	level	indicating	equipment,	electrical	F2045	–	00(2018)e1	Standard	specification	for	indicators,	sight,	liquid	level,	direct	and	indirect	reading,	tubular	glass/plastic	F2046	–	00(2017)	Standard	specification	for	tachometers,	various	F2070	–	00(2017)	Standard	specification	for	transducers,	pressure	and	differential,	pressure,
electrical	and	fiber-optic	F2071	–	00(2017)	Standard	specification	for	switch,	position	proximity	(noncontact)	or	limit	(mechanical	contact),	fiber-optic	F2361	–	18	Standard	guide	for	ordering	low	voltage	(1000	vac	or	less)	alternating	current	electric	motors	for	shipboard	service—up	to	and	including	motors	of	500	horsepower	F2362	–	03(2019)	Standard	specification	for	temperature	monitoring	equipment	F3353	–	19	Standard	guide	for	shipboard	use	of	lithium-ion	(li-ion)	batteries	Flat-Rolled	and	Wrought	Stainless	Steel	Designation	Type	of	Steel	A240	/	A240M
–	20a	Standard	specification	for	chromium	and	chromium-nickel	stainless	steel	plate,	sheet,	and	strip	for	pressure	vessels	and	for	general	applications	A276	/	A276M	–	17	Standard	specification	for	stainless	steel	bars	and	shapes	A313	/	A313M	–	18	Standard	specification	for	stainless	steel	spring	wire	A314	–	19	Standard	specification	for	stainless	steel	billets	and	bars	for	forging	A368	–	95a(2019)	Standard	specification	for	stainless	steel	wire	strand	A478	–	97(2019)	Standard	specification	for	chromium-nickel	stainless	steel	weaving	and	knitting	wire	A479	/
A479M	–	20	Standard	specification	for	stainless	steel	bars	and	shapes	for	use	in	boilers	and	other	pressure	vessels	A480	/	A480M	–	20a	Standard	specification	for	general	requirements	for	flat-rolled	stainless	and	heat-resisting	steel	plate,	sheet,	and	strip	A484	/	A484M	–	20b	Standard	specification	for	general	requirements	for	stainless	steel	bars,	billets,	and	forgings	A492	–	95(2019)	Standard	specification	for	stainless	steel	rope	wire	A493	–	16	Standard	specification	for	stainless	steel	wire	and	wire	rods	for	cold	heading	and	cold	forging	A555	/	A555M	–	20
Standard	specification	for	general	requirements	for	stainless	steel	wire	and	wire	rods	A564	/	A564M	–	19a	Standard	specification	for	hot-rolled	and	cold-finished	age-hardening	stainless	steel	bars	and	shapes	A565	/	A565M	–	10(2017)e1	Standard	specification	for	martensitic	stainless	steel	bars	for	high-temperature	service	A580	/	A580M	–	18	Standard	specification	for	stainless	steel	wire	A581	/	A581M	–	95b(2014)	Standard	specification	for	free-machining	stainless	steel	wire	and	wire	rods	A582	/	A582M	–	12(2017)	Standard	specification	for	free-machining
stainless	steel	bars	A638	/	A638M	–	20	Standard	specification	for	precipitation	hardening	iron	base	superalloy	bars,	forgings,	and	forging	stock	for	high-temperature	service	A666	–	15	Standard	specification	for	annealed	or	cold-worked	austenitic	stainless	steel	sheet,	strip,	plate,	and	flat	bar	A693	–	16	Standard	specification	for	precipitation-hardening	stainless	and	heat-resisting	steel	plate,	sheet,	and	strip	A705	/	A705M	–	20	Standard	specification	for	age-hardening	stainless	steel	forgings	A793	–	96(2014)	Standard	specification	for	rolled	floor	plate,	stainless
steel	A887	–	20	Standard	specification	for	borated	stainless	steel	plate,	sheet,	and	strip	for	nuclear	application	A895	–	89(2017)	Standard	specification	for	free-machining	stainless	steel	plate,	sheet,	and	strip	A947M	–	16	Standard	specification	for	textured	stainless	steel	sheet	[metric]	A959	–	19	Standard	guide	for	specifying	harmonized	standard	grade	compositions	for	wrought	stainless	steels	A1010	/	A1010M	–	13(2018)	Standard	specification	for	higher-strength	martensitic	stainless	steel	plate,	sheet,	and	strip	A1028	–	03(2015)	Standard	specification	for
stainless	steel	bars	for	compressor	and	turbine	airfoils	A1069	/	A1069M	–	19	Standard	specification	for	laser	and	laser	hybrid	welded	stainless	steel	bars,	plates,	and	shapes	Gates	Designation	Type	of	Steel	F654	–	07(2017)	Standard	specification	for	residential	chain	link	fence	gates	F900	–	11(2017)	Standard	specification	for	industrial	and	commercial	steel	swing	gates	F1184	–	16	Standard	specification	for	industrial	and	commercial	horizontal	slide	gates	F2200	–	20	Standard	specification	for	automated	vehicular	gate	construction	F2630	–	14	Standard	guide
for	self-closing/self-latching	general-purpose	gates	General	Requirements	Designation	Type	of	Steel	F906	–	85(2020)	Standard	specification	for	letters	and	numerals	for	ships	F956	–	91(2018)	Standard	specification	for	bell,	cast,	sound	signalling	F957	–	91(2018)	Standard	specification	for	gong,	sound	signaling	F1097	–	17	Standard	specification	for	mortar,	refractory	(high-temperature,	air-setting)	F1099M	–	18	Standard	specification	for	rat	guards,	ship’s	(metric)	F1138	–	98(2014)	Standard	specification	for	spray	shields	for	mechanical	joints	F1145	–	05(2017)
Standard	specification	for	turnbuckles,	swaged,	welded,	forged	F1166	–	07(2013)	Standard	practice	for	human	engineering	design	for	marine	systems,	equipment,	and	facilities	F1182	–	07(2019)	Standard	specification	for	anodes,	sacrificial	zinc	alloy	F1270	–	97(2019)	Standard	practice	for	preparing	and	locating	emergency	muster	lists	F1297	–	90(2018)	Standard	guide	for	location	and	instruction	symbols	for	evacuation	and	lifesaving	equipment	F1312	–	19	Standard	specification	for	brick,	insulating,	high	temperature,	fire	clay	F1337	–	10(2015)	Standard
practice	for	human	systems	integration	program	requirements	for	ships	and	marine	systems,	equipment,	and	facilities	F1347	–	91(2018)	Standard	specification	for	manually	operated	fueling	hose	reels	F1348	/	F1348M	–	91(2019)	Standard	specification	for	pneumatic	rotary	descaling	machines	F1546	–	96(2018)	Standard	specification	for	fire	hose	nozzles	F1878	–	98(2015)	Standard	guide	for	escort	vessel	evaluation	and	selection	F1994	–	99(2019)e1	Standard	test	method	for	shipboard	fixed	foam	firefighting	systems	F2016	–	00(2018)	Standard	practice	for
establishing	shipbuilding	quality	requirements	for	hull	structure,	outfitting,	and	coatings	F2039	–	00(2018)	Standard	guide	for	basic	elements	of	shipboard	occupational	health	and	safety	program	F2192	–	05(2017)	Standard	test	method	for	determining	and	reporting	the	berthing	energy	and	reaction	of	marine	fenders	F2876	–	10(2015)	Standard	practice	for	thermal	rating	and	installation	of	internal	combustion	engine	packages	for	use	in	hazardous	locations	in	marine	applications	F3256	–	17	Standard	guide	for	reporting	and	recording	of	near-misses	for
maritime	industry	F3284	–	18	Standard	guide	for	recording	and	reporting	of	injuries	and	illnesses	for	the	maritime	industry	F3449	–	20	Standard	guide	for	inclusion	of	cyber	risks	into	maritime	safety	management	systems	in	accordance	with	imo	resolution	msc.428(98)―cyber	risks	and	challenges	High	Security	Fences	and	Perimeter	Barriers	Designation	Type	of	Steel	F2611	–	15	Standard	guide	for	design	and	construction	of	chain	link	security	fencing	F2780	–	20	Standard	guide	for	design	and	construction	of	expanded	metal	security	fences	and	barriers
F2781	–	15	Standard	practice	for	testing	forced	entry,	ballistic	and	low	impact	resistance	of	security	fence	systems	F2814	–	09(2015)	Standard	guide	for	design	and	construction	of	ornamental	steel	picket	fence	systems	for	security	purposes	F3204	–	16	Standard	guide	for	design	and	construction	of	welded	wire	fence	systems	for	security	purposes	Insulation/Processes	Designation	Type	of	Steel	F683	–	14	Standard	practice	for	selection	and	application	of	thermal	insulation	for	piping	and	machinery	F2087	–	13(2019)	Standard	specification	for	packing,
fiberglass,	braided,	rope,	and	wick	F2154	–	13(2019)	Standard	specification	for	sound-absorbing	board,	fibrous	glass,	perforated	fibrous	glass	cloth	faced	F2168	–	13(2019)	Standard	specification	for	packing	material,	graphitic,	corrugated	ribbon	or	textured	tape,	and	die-formed	ring	F2191	/	F2191M	–	13(2020)e1	Standard	specification	for	packing	material,	graphitic	or	carbon	braided	yarn	F2877	/	F2877M	–	13(2019)	Standard	test	method	for	shock	testing	of	structural	insulation	of	a-class	divisions	constructed	of	steel	or	aluminum	F3319	–	20	Standard
specification	for	selection	and	application	of	field-installed	cryogenic	pipe	and	equipment	insulation	systems	on	liquefied	natural	gas	(lng)-fueled	ships	Machinery	and	Piping	Systems	Designation	Type	of	Steel	F681	–	82(2018)	Standard	practice	for	use	of	branch	connections	F682	–	82a(2018)	Standard	specification	for	wrought	carbon	steel	sleeve-type	pipe	couplings	F704	–	81(2018)e1	Standard	practice	for	selecting	bolting	lengths	for	piping	system	flanged	joints	F707	/	F707M	–	94(2019)e1	Standard	specification	for	modular	gauge	boards	F708	–	92(2018)e1
Standard	practice	for	design	and	installation	of	rigid	pipe	hangers	F721	–	18	Standard	specification	for	gage	piping	assemblies	F722	–	18	Standard	specification	for	welded	joints	for	shipboard	piping	systems	F841	–	19	Standard	specification	for	thrusters,	tunnel,	permanently	installed	in	marine	vessels	F856	–	97(2018)	Standard	practice	for	mechanical	symbols,	shipboard—heating,	ventilation,	and	air	conditioning	(hvac)	F885	–	84(2017)	Standard	specification	for	envelope	dimensions	for	bronze	globe	valves	nps	14	to	2	F986	–	86(2018)e1	Standard
specification	for	suction	strainer	boxes	F992	–	17	Standard	specification	for	valve	label	plates	F993	–	17	Standard	specification	for	valve	locking	devices	F994	–	86(2018)	Standard	specification	for	design	and	installation	of	overboard	discharge	hull	penetration	connections	F998	–	12(2018)	Standard	specification	for	centrifugal	pump,	shipboard	use	F1000	–	13(2019)	Standard	practice	for	piping	system	drawing	symbols	F1005	–	91(2019)	Standard	practice	for	hvac	duct	shapes;	identification	and	description	of	design	configuration	F1006	–	86(2018)	Standard
specification	for	entrainment	separators	for	use	in	marine	piping	applications	F1007	–	18	Standard	specification	for	pipeline	expansion	joints	of	the	packed	slip	type	for	marine	application	F1020	–	86(2018)	Standard	specification	for	line-blind	valves	for	marine	applications	F1030	–	86(2018)	Standard	practice	for	selection	of	valve	operators	F1075	–	97(2018)	Standard	specification	for	dehumidifier,	shipboard,	mechanically	refrigerated,	self-contained	F1076	–	19	Standard	practice	for	expanded	welded	and	silver	brazed	socket	joints	for	pipe	and	tube	F1098	–
87(2019)	Standard	specification	for	envelope	dimensions	for	butterfly	valves—nps	2	to	24	F1120	–	87(2019)	Standard	specification	for	circular	metallic	bellows	type	expansion	joints	for	piping	applications	F1121	–	87(2019)	Standard	specification	for	international	shore	connections	for	marine	fire	applications	F1122	–	04(2015)e1	Standard	specification	for	quick	disconnect	couplings	(6	in.	Nps	and	smaller)	F1123	–	87(2019)	Standard	specification	for	non-metallic	expansion	joints	F1139	–	88(2019)	Standard	specification	for	steam	traps	and	drains	F1155	–
10(2019)	Standard	practice	for	selection	and	application	of	piping	system	materials	F1172	–	88(2019)	Standard	specification	for	fuel	oil	meters	of	the	volumetric	positive	displacement	type	F1173	–	01(2018)	Standard	specification	for	thermosetting	resin	fiberglass	pipe	systems	to	be	used	for	marine	applications	F1199	–	88(2019)	Standard	specification	for	cast	(all	temperatures	and	pressures)	and	welded	pipe	line	strainers	(150	psig	and	150°f	maximum)	F1200	–	88(2016)	Standard	specification	for	fabricated	(welded)	pipe	line	strainers	(above	150	psig	and
150°f)	F1201	–	88(2016)	Standard	specification	for	fluid	conditioner	fittings	in	piping	applications	above	0°f	F1245	–	19	Standard	specification	for	faucets,	single	and	double,	compression	and	self-closing	type,	shipboard	F1271	–	90(2018)	Standard	specification	for	spill	valves	for	use	in	marine	tank	liquid	overpressure	protections	applications	F1273	–	91(2013)	Standard	specification	for	tank	vent	flame	arresters	F1298	–	90(2018)	Standard	specification	for	flexible,	expansion-type	ball	joints	for	marine	applications	F1311	–	90(2018)	Standard	specification	for
large–diameter	fabricated	carbon	steel	flanges	F1330	–	91(2018)	Standard	guide	for	metallic	abrasive	blasting	to	descale	the	interior	of	pipe	F1333	–	91(2019)	Standard	specification	for	construction	of	fire	and	foam	station	cabinets	F1338	–	91(2019)	Standard	guide	for	main	propulsion	medium	speed	marine	diesel	engines	covering	performance	and	minimum	scope	of	assembly	F1370	–	92(2019)e1	Standard	specification	for	pressure-reducing	valves	for	water	systems,	shipboard	F1386	–	92(2016)e1	Standard	guide	for	construction	of	sounding	tube	and	striker
plate	for	tank	sounding	F1387	–	19	Standard	specification	for	performance	of	piping	and	tubing	mechanically	attached	fittings	F1431	–	92(2016)	Standard	specification	for	water	trap	for	diesel	exhaust	F1476	–	07(2019)	Standard	specification	for	performance	of	gasketed	mechanical	couplings	for	use	in	piping	applications	F1508	–	96(2016)e1	Standard	specification	for	angle	style,	pressure	relief	valves	for	steam,	gas,	and	liquid	services	F1510	–	07(2019)	Standard	specification	for	rotary	positive	displacement	pumps,	ships	use	F1511	–	18	Standard	specification
for	mechanical	seals	for	shipboard	pump	applications	F1548	–	01(2018)	Standard	specification	for	performance	of	fittings	for	use	with	gasketed	mechanical	couplings	used	in	piping	applications	F1565	–	00(2019)	Standard	specification	for	pressure-reducing	valves	for	steam	service	F1567	–	94(2019)	Standard	specification	for	fabricated	or	cast	automatic	self-cleaning,	fuel	oil	and	lubricating	oil	strainers	F1685	–	00(2019)	Standard	specification	for	pressure-reducing	manifolds	for	air	or	nitrogen	systems	F1718	–	01(2019)	Standard	specification	for	rotary
positive	displacement	distillate	fuel	pumps	F1791	–	00(2019)	Standard	specification	for	filters	used	in	air	or	nitrogen	systems	F1792	–	97(2016)e1	Standard	specification	for	special	requirements	for	valves	used	in	gaseous	oxygen	service	F1793	–	97(2016)e1	Standard	specification	for	automatic	shut-off	valves	(also	known	as	excess	flow	valves,	efv)	for	air	or	nitrogen	service	F1794	–	97(2016)e1	Standard	specification	for	hand-operated,	globe-style	valves	for	gas	(except	oxygen	gas)	and	hydraulic	systems	F1795	–	00(2019)	Standard	specification	for	pressure-
reducing	valves	for	air	or	nitrogen	systems	F1985	–	99(2019)e1	Standard	specification	for	pneumatic-operated,	globe-style,	control	valves	F2014	–	00(2019)	Standard	specification	for	non-reinforced	extruded	tee	connections	for	piping	applications	F2015	–	00(2019)	Standard	specification	for	lap	joint	flange	pipe	end	applications	F2798	–	09(2018)	Standard	specification	for	sealless	lube	oil	pump	with	oil	through	motor	for	marine	applications	F2934	–	12(2018)	Standard	specification	for	circular	metallic	bellows	type	expansion	joint	for	hvac	piping	applications
F3226	/	F3226M	–	19	Standard	specification	for	metallic	press-connect	fittings	for	piping	and	tubing	systems	F3285	–	18	Standard	guide	for	installation	and	application	of	type	c	portable	tanks	for	marine	lng	service	F3312	/	F3312M	–	18	Standard	practice	for	liquefied	natural	gas	(lng)	bunkering	hose	transfer	assembly	F3386	/	F3386M	–	20	Standard	specification	for	detonation	flame	arresters	Get	the	type	of	steel	you	need	today!	Service	Steel	has	built	a	reputation	on	premium	quality	and	exceptional	service.	Our	stock	of	structural	products	includes	popular
steel	grades	like	A36,	as	well	as	less	common	ones.	We	always	ensure	you	get	steel	you	can	trust	that	meets	ASTM	standards	and	more.	Our	massive	ready-to-ship	inventory	of	high-quality	steel	is	ready	for	your	order,	so	request	a	quote	or	give	us	a	call	today!	Download	Now	Fill	Out	Tax	Exemption	Fill	Out	Credit	Application	Phone:	+1(713)675-2631	Fax:	1-713-672-7559	ResourcesMaterialsAll	About	Steel	as	a	Manufacturing	MaterialA	look	at	this	staple	manufacturing	metalYou	don’t	have	to	be	an	engineer	to	have	heard	of	steel—this	material	is	everywhere.
It’s	useful	for	heavy-duty	construction	tasks,	and	versatile	enough	to	be	made	into	cookware,	too.	This	article	will	talk	about	steel’s	features	and	uses,	as	well	as	the	different	types.What	is	Steel?Steel	is	an	iron	and	carbon	combination	with	up	to	2%	carbon—but	no	more.	Other	elements	can	be	(and	are	very	often)	added	to	the	iron	top	of	carbon,	like	manganese,	chromium,	and	nickel,	but	in	very	small	amounts	to	give	it	different	benefits.	Steel’s	iron	levels	can	reach	99%	for	carbon	steel	and	mild	steel.	For	the	likes	of	stainless	steel,	like	304,	you’ll	find	a	lower
percentage	sitting	around	70%	iron.	Other	elements	like	cadmium,	boron,	and	molybdenum	are	common	additions,	too.	The	trace	amounts	of	different	alloying	elements	are	part	of	how	steel	is	categorized	and	graded.	Steel	will	last,	on	average,	100	years	and	it’ll	stay	rigid	without	swelling	or	creeping.Steel	is	a	strong	metal	that	keeps	its	strength	even	under	tension	and	heavy	loads.	It’s	usable	for	a	very	long	list	of	products	and	applications—and	it’s	a	favorite	of	our	customers	at	Xometry.	Steel	came	to	be	in	India	thousands	of	years	ago	in	400	BCE	and	it	has
since	developed	into	an	alloy	with	numerous	elements	that	make	it	the	durable	and	common	material	manufacturers	choose	to	use	again	and	again.	Here’s	what	it	looks	like:Most	steel	types	are	machinable—with	free-cutting	steels	being	the	easiest	to	work	with—and	easy	to	weld,	too.	Some	are	a	little	harder	to	weld	with,	but	it’s	still	doable	with	a	few	specialized	welding	processes.	When	you	put	it	up	against	other	metals,	you’ll	notice	steel	has	a	lower	thermal	and	electrical	conductivity	value,	which	makes	it	great	for	shielding	against	heat.	More	than	60%	of
steel	gets	recycled	globally,	and	it’s	fortunately	an	easy	material	to	recycle	and	even	reuse	again.	Steel	is	made	by	smelting	through	either	a	blast	furnace	or	an	electric	arc	furnace.	The	first	method	uses	iron	ore	and	a	type	of	coal	called	coke,	which	has	had	its	impurities	removed.	This	gets	fired	by	air	and	doused	with	lime	to	create	the	metallic	material	needed.	You	then	end	up	with	pig	iron,	which	gets	processed	through	a	direct	oxygen	furnace	that’ll	create	molten	steel.When	using	an	electric	arc	furnace,	you’ll	fire	the	iron	ore	with	natural	gas	in	a	direct
reduction	furnace,	then	you’ll	send	it	to	an	electric	arc	furnace.	In	here,	submerged	electrodes	will	form	hot	arcs	between	one	another	and	melt	down	the	metal,	and	this	is	where	you’d	add	in	the	alloying	elements.	After	this,	the	molten	steel	is	cast,	rolled,	shaped,	then	processed	in	any	manner	of	ways,	such	as	annealing	or	temperament,	depending	on	what	it’s	needed	to	do.	Unless	it	has	the	right	alloying	elements	in	it	or	is	treated	properly,	steel	tends	to	corrode	more	easily	than	other	metals.	It’s	a	heavier	material	than	others	(such	as	polycarbonate	or
plastics),	which	means	it	doesn’t	usually	work	in	all	situations,	especially	when	weight	is	a	priority—like	in	aerospace.	It	also	is	one	of	the	pricier	materials,	particularly	grades	that	have	been	treated	or	made	for	specialty	uses.There	are	so	many	ways	that	steel	can	be	used	and,	since	it	shows	its	face	in	many	different	sectors,	it’s	hard	to	list	them	all	out.	Just	a	few	examples	include	tools,	bridges,	cars,	trains,	ships,	beams,	packaging,	surgical	instruments,	medical	implants,	carabiners,	pylons,	sports	equipment,	motors,	and	generators.	Here	is	an	example	of	a
part	that	can	be	made	from	steel.A	pull	handle	made	with	steelBelow	you’ll	find	a	table	with	a	summary	of	steel’s	properties,	the	advantages	this	leads	to,	and	some	of	the	applications	manufacturers	use	steel	for	because	of	that	specific	property.PropertyDescriptionExamples	of	SteelsAdvantagesApplicationsHigh-strength	low-alloy	(HSLA)	steelEasily	shaped	into	various	formsResistance	to	corrosion	in	various	environmentsStainless	steels,	such	as	304	and	316Compatible	with	a	wide	range	of	fluids	and	environmentsFood	and	beverage	processing,	acidic
environmentsTable	1:	Steel	Properties	and	UsesThe	table	below	will	give	you	a	good	understanding	of	the	physical	properties	steel	has.	We’ve	included	a	few	examples	of	steel	grades	and	where	their	values	typically	sit.PropertyDescriptionExamples	of	SteelsTypical	Value	RangeUnitsResistance	to	surface	deformationBrinell	hardness	number	(kg/mm2)Ability	to	withstand	stretching	loadsChromium	vanadium	steel	(6150)Carbon	steel	(grade	C1010)Change	in	volume	with	temperatureAustenitic	stainless	steel	(304,	316)Table	2:	Steel	Physical	PropertiesWe’ve
also	listed	out	the	chemical	properties	of	different	types	of	steel	and	how	they	rate	compared	to	one	another.Steel	TypeCorrosion	ResistanceOxidationReactivityMagnetic	PropertiesStabilitySignificant,	particularly	in	moist	environmentsSignificant,	particularly	in	moist	environmentsAustenitic	Stainless	Steel	(304,	316)Minimal,	forms	passive	filmNon-reactive	(inert)	generallyMartensitic	Stainless	Steel	(410,	420)Minimal,	forms	passive	filmNon-reactive	(inert)	generallyTable	3:	Chemical	Properties	of	SteelThere	is	a	steel	type	out	there	for	every	kind	of
application	you’re	interested	in,	and	they’re	usually	separated	out	by	the	types	of	alloys	within	their	composition	and	how	they’re	processed.	1.	Stainless	SteelThis	kind	of	steel	will	always	have	some	level	of	chromium	in	it,	and	oftentimes	nickel	will	be	along	for	the	ride	too.	Stainless	steel	is	relied	on	for	its	corrosion	and	temperature	resistance	and	its	strength,	whether	that’s	for	large	dairy	milk	tanks	or	food	processing	equipment.	Here’s	a	part	we	made	from	stainless	steel:Stainless	steel	machined	parts	from	XometryCarbon	steel	is	one	of	the	simplest	steel
alloys	and	usually	gets	broken	out	into	three	categories:	high,	medium,	and	low—ranging	from	0.05%	to	2%	of	carbon	content.	Depending	how	much	carbon	you	have	within	it	will	influence	how	ductile,	brittle,	weldable,	and	strong	it	is,	and	it’s	commonly	called	on	for	car	and	truck	components	and	structures,	as	well	as	springs	(pictured	below).High-carbon	steel	springsThis	points	to	steel	compositions	that	have	alloys	aside	from	just	carbon,	like	chromium,	nickel,	molybdenum,	manganese,	and	silicon,	to	name	a	few.	Alloy	steel	can	have	anywhere	from	1–50%
alloying	elements,	and	there	are	two	grades	that	determine	each	—	low-alloy	steel	(under	8%	of	other	elements)	and	high-alloy	steel	(above	8%	other	metals).	The	picture	below	shows	different-sized	alloy	pipes.This	strong	steel	is	used	for	tools,	bits,	and	dies,	and	contains	0.7–1.5%	carbon,	and	low	amounts	of	manganese.	To	up	its	strength,	it’s	heat	treated.	It	often	comes	as	steel	rods,	shown	in	the	picture	below.Products	that	are	designed	to	stay	outside,	or	spend	a	lot	of	time	outdoors	and	subject	to	various	weather	conditions	(not	only	rain	and	snow,	but	sun
rays,	too),	are	often	made	from	this	weathering	steel.	Its	chromium,	nickel,	and	copper	help	this	weather-resistant	metal	form	an	oxidized	layer	to	keep	corrosion	away.6.	Electrical	SteelWith	around	2–3.5%	silicon	in	its	composition,	electrical	steel	is	used	by	electricians	and	contractors	for	wiring,	motors,	transformers,	and	other	electrical	needs.7.	High-Speed	SteelWhile	this	is	a	type	of	tool	steel,	it’s	particularly	made	for	fast-moving	power	tools	that	can	handle	high	pressure	and	speeds,	and	hot	temperatures.	To	make	it	strong	and	durable,	tungsten	and
molybdenum	are	included,	and	it	is	heat	treated,	too.The	content	appearing	on	this	webpage	is	for	informational	purposes	only.	Xometry	makes	no	representation	or	warranty	of	any	kind,	be	it	expressed	or	implied,	as	to	the	accuracy,	completeness,	or	validity	of	the	information.	Any	performance	parameters,	geometric	tolerances,	specific	design	features,	quality	and	types	of	materials,	or	processes	should	not	be	inferred	to	represent	what	will	be	delivered	by	third-party	suppliers	or	manufacturers	through	Xometry’s	network.	Buyers	seeking	quotes	for	parts
are	responsible	for	defining	the	specific	requirements	for	those	parts.	Please	refer	to	our	terms	and	conditions	for	more	information.Kat	de	Naoum	is	a	writer,	author,	editor,	and	content	specialist	from	the	UK	with	20+	years	of	writing	experience.	Kat	has	experience	writing	for	a	variety	of	manufacturing	and	technical	organizations	and	loves	the	world	of	engineering.	Alongside	writing,	Kat	was	a	paralegal	for	almost	10	years,	seven	of	which	were	in	ship	finance.	She	has	written	for	many	publications,	both	print	and	online.	Kat	has	a	BA	in	English	literature
and	philosophy,	and	an	MA	in	creative	writing	from	Kingston	University.Read	more	articles	by	Kat	de	Naoum	Steel	is	an	alloy	made	up	of	iron	with	typically	a	few	tenths	of	a	percent	of	carbon	to	improve	its	strength	and	fracture	resistance	compared	to	other	forms	of	iron.	Many	other	elements	may	be	present	or	added.	Stainless	steels	that	are	corrosion–	and	oxidation-resistant	need	typically	an	additional	11%	chromium.	Because	of	its	high	tensile	strength	and	low	cost,	steel	is	used	in	buildings,	infrastructure,	tools,	ships,	trains,	cars,	machines,	electrical
appliances,	and	weapons.	Iron	is	the	base	metal	of	steel.	Depending	on	the	temperature,	it	can	take	two	crystalline	forms	(allotropic	forms):	body	center	cubic	and	face	center	cubic.	The	interaction	of	the	allotropes	of	iron	with	the	alloying	elements,	primary	carbon,	gives	steel	and	cast	iron	their	range	of	unique	properties.	In	pure	iron,	the	crystal	structure	has	relatively	little	resistance	to	the	iron	atoms	slipping	past	one	another,	and	so	pure	iron	is	quite	ductile,	or	soft	and	easily	formed.	In	steel,	small	amounts	of	carbon,	other	elements,	and	inclusions	within
the	iron	act	as	hardening	agents	that	prevent	the	movement	of	dislocations.	The	earliest	known	production	of	steel	is	seen	in	pieces	of	ironware	excavated	from	an	archaeological	site	in	Anatolia	(Kaman-Kalehöyük)	and	is	nearly	4,000	years	old,	dating	from	1800	BC.	Horace	identifies	steel	weapons	such	as	the	falcata	in	the	Iberian	Peninsula,	while	Noric	steel	was	used	by	the	Roman	military.	As	steel	is	an	alloy,	it	is	not	a	pure	element	and	is,	as	a	direct	result,	not	a	metal.	Instead,	it	is	a	variant	of	a	metal.	Although	steel	is	composed	of	iron	–	which	is	metal	–
the	non-metal	carbon	within	its	chemical	makeup	means	that	it	is	not	a	pure	metal,	so	it	cannot	be	classed	as	one.	So,	there	you	have	it.	Steel	is	not	a	metal.	Steel	is	an	alloy	of	iron	and	carbon	in	which	the	carbon	content	ranges	up	to	2	percent	(with	higher	carbon	content,	the	material	is	defined	as	cast	iron).	By	far	the	most	widely	used	material	for	building	the	world’s	infrastructure	and	industries,	it	is	used	to	fabricate	everything	from	sewing	needles	to	oil	tankers.	In	addition,	the	tools	required	to	build	and	manufacture	such	articles	are	also	made	of	steel.
Steel	is	an	alloy	of	iron	and	carbon	containing	less	than	2%	carbon	and	1%	manganese	and	small	amounts	of	silicon,	phosphorus,	Sulphur,	and	oxygen.	Steel	is	the	world’s	most	important	engineering	and	construction	material.	It	is	used	in	every	aspect	of	our	lives;	in	cars	and	construction	products,	refrigerators	and	washing	machines,	cargo	ships,	and	surgical	scalpels.	Steel	has	several	properties,	including	hardness,	toughness,	tensile	strength,	yield	strength,	elongation,	fatigue	strength,	corrosion,	plasticity,	malleability,	and	creep.	The	properties	that	are
most	important	in	wear	and	abrasion-resistant	steel	are:	HARDNESS	is	the	material’s	ability	to	withstand	friction	and	abrasion.	It	is	worth	noting	that,	while	it	may	mean	the	same	as	strength	and	toughness	in	colloquial	language,	this	is	very	different	from	strength	and	toughness	in	the	context	of	metal	properties.	TOUGHNESS	is	difficult	to	define	but	generally	is	the	ability	to	absorb	energy	without	fracturing	or	rupturing.	It	is	also	defined	as	a	material’s	resistance	to	fracture	when	stressed.	It	is	usually	measured	in	foot	lbs.	per	sq.	in	or	Joules	per	sq.
centimeter.	It	is	important	to	distinguish	this	from	hardness	as	a	material	that	severely	deforms	without	breaking,	could	be	considered	extremely	tough,	but	not	hard.	YEILD	strength	is	a	measurement	of	the	force	required	to	start	the	deformation	of	the	material	(i.e.	bending	or	warping).	TENSILE	strength	is	a	measurement	of	the	force	required	to	break	the	material.	ELONGATION	(or	Ductility)	is	the	“Degree”	to	which	the	material	can	be	stretched	or	compressed	before	it	breaks.	It	is	expressed	as	a	percent	of	the	length	being	tested	and	is	between	the
tensile	strength	and	yield	strength	(i.e.,	what	percent	does	the	material	bend	before	breaking).	Steel	has	a	density	of	7,850	kg/m3,	making	it	7.85	times	as	dense	as	water.	Its	melting	point	of	1,510	C	is	higher	than	that	of	most	metals.	In	comparison,	the	melting	point	of	bronze	is	1,040	C,	that	of	copper	is	1,083	C,	that	of	cast	iron	is	1,300	C,	and	that	of	nickel	is	1,453	C.	Tungsten,	however,	melts	at	a	searing	3,410	C,	which	is	not	surprising	since	this	element	is	used	in	light	bulb	filaments.	Steel’s	coefficient	of	linear	expansion	at	20	C,	in	µm	per	meter	per
degree	Celsius,	is	11.1,	which	makes	it	more	resistant	to	changing	size	with	changes	in	temperature	than,	for	example,	copper	(16.7),	tin	(21.4),	and	lead	(29.1).	Steel	is	made	of	an	alloy	of	iron	and	carbon	in	which	the	carbon	content	ranges	up	to	2	percent	(with	higher	carbon	content,	the	material	is	defined	as	cast	iron).	Iron,	the	major	elemental	component	of	steel,	is	one	of	the	most	plentiful	elements	in	the	earth’s	crust.	All	steel	alloys	are	primarily	iron	and	0.002–2.1	%	carbon	by	weight.	In	this	range,	carbon	bonds	with	iron	create	a	strong	molecular
structure.	The	resulting	lattice	microstructure	helps	achieve	certain	material	properties,	like	tensile	strength	and	hardness,	that	we	rely	on	in	steel.	Although	all	steel	is	made	of	iron	and	carbon,	different	types	of	steel	contain	different	percentages	of	each	element.	Steel	can	also	include	other	elements	like	nickel,	molybdenum,	manganese,	titanium,	boron,	cobalt,	or	vanadium.	Adding	different	elements	to	the	“recipe”	for	a	steel	alloy	affects	its	material	properties.	The	method	of	manufacture	and	treatment	of	the	steel	further	enhances	those	abilities.	One
notable	group	of	steel	alloys	contains	chromium.	All	such	alloys	are	known	commonly	as	stainless	steel.	The	melting	point	of	steel	ranges	from	2500-2800°F	or	1371-1540°C.	Why	a	range?	Why	not	just	a	single	point	on	the	thermometer?	Unlike	a	pure	metal	such	as	iron,	steel	is	an	alloy.	That	depends	on	the	alloy	of	steel	you	are	talking	about.	The	term	alloy	is	almost	always	used	incorrectly	these	days,	especially	amongst	bicyclists.	They	use	the	term	to	mean	aluminum.	What	the	term	alloy	means	is	a	mixture	of	metals,	any	kind	of	metal.	Almost	all	metal	used
today	is	a	mixture	and	therefore	an	alloy.	Most	steel	has	other	metals	added	to	tune	its	properties,	like	strength,	corrosion	resistance,	or	ease	of	fabrication.	Steel	is	just	the	element	iron	that	has	been	processed	to	control	the	amount	of	carbon.	Iron,	out	of	the	ground,	melts	at	around	1510	degrees	C	(2750°F).	Steel	often	melts	at	around	1370	degrees	C	(2500°F).	The	melting	point	of	steel	ranges	from	2500-2800°F	or	1371-1540°C.	Why	a	range?	Why	not	just	a	single	point	on	the	thermometer?	Unlike	a	pure	metal	such	as	iron,	steel	is	an	alloy.	Pure	metals
have	a	precise	temperature,	which	is	their	melting	point.	Alloys,	however,	include	multiple	elements	with	different	melting	points.	Therefore,	alloys	do	not	melt	or	freeze	at	a	fixed	temperature.	Steel	is	an	alloy	of	iron	and	carbon.	Stainless	steel	also	includes	chromium	and	usually	nickel	and	other	elements	in	its	alloy.	The	addition	of	each	new	element	lowers	the	overall	melting	point.	This	is	called	melting	point	depression.	Stainless	steel’s	melting	point	falls	between	2550	and	2790°F	or	1400	and	1530°C.	The	melting	point	of	a	particular	type	of	stainless	steel
depends	upon	its	exact	chemical	composition.	Each	element	brings	its	melting	point	into	the	equation.	The	major	elements	composing	stainless	steel	are	iron,	chromium,	and	nickel.	Pure	iron	has	a	fixed	melting	point	of	1535°C,	chromium	of	1890°C,	and	nickel	of	1453°C.	Compare	those	numbers	to	the	1400-1530°C	range	for	stainless	steel.	Each	grade	of	stainless	steel	has	a	slightly	different	mix	of	elements.	Consequently,	the	exact	melting	point	varies	across	different	grades.	Stainless	steel	comes	in	five	families	and	has	more	than	150	grades.	Only	15	of
these	grades	are	commonly	used,	however.	The	two	most	popular	grades	of	stainless	steel	are	304	and	316.	Both	grades	are	part	of	the	austenitic	stainless-steel	family,	which	includes	about	two-thirds	of	the	stainless	steel	produced.	Austenitic	stainless	steel	features	a	face-centered	cubic	crystal	structure,	which	remains	constant	across	all	temperatures	from	cryogenic	to	the	melting	point.	Stainless	steel’s	melting	points	can	vary	from	a	low	of	1375°C	for	grade	316	steel	to	a	high	of	1510°C	for	grade	430.	The	most	common	grade,	304,	has	a	melting	point	of
1400-1450°C.	The	Four	Main	Types	of	Steel:	Carbon	Steel	Alloy	Steel	Stainless	Steel	Tool	Steel	Carbon	steel	looks	dull,	matte-like,	and	is	known	to	be	vulnerable	to	corrosion.	Overall,	there	are	three	subtypes	to	this	one:	low,	medium,	and	high	carbon	steel,	with	low	containing	about	.30%	of	carbon,	medium	at	.60%,	and	high	at	1.5%.	The	name	itself	actually	comes	from	the	reality	that	they	contain	a	very	small	amount	of	other	alloying	elements.	They	are	exceptionally	strong,	which	is	why	they	are	often	used	to	make	things	like	knives,	high-tension	wires,
automotive	parts,	and	other	similar	items.	Steel	that	contains	up	to	2%	carbon	Steel	that	does	not	contain	any	standard	amounts	of	elements	that	would	classify	it	as	an	“alloy	steel”	(e.g.,	cobalt,	nickel,	tungsten,	molybdenum,	titanium,	zirconium,	vanadium,	chromium,	etc.)	You	may	also	notice	the	term	“carbon	steel”	applied	to	steels	with	less	than	0.4%	copper	or	steels	that	have	certain	magnesium-to-copper	contents,	though	those	definitions	are	contested	across	industries.	For	this,	we’re	talking	about	the	first	two	definitions.	There	are	three	ways	that
carbon	steel	is	classified	—	low,	medium,	and	high	Low	Carbon	Steel.	Low	carbon	steel	(or	“mild	carbon	steel”	or	“plain	carbon	steel”)	refers	to	carbon	steel	that	has	up	to	0.30%	carbon	content.	This	is,	by	far,	the	most	common	type	of	steel	on	the	metals	market.	There	are	a	few	reasons	for	this.	For	starters,	low-carbon	steel	is	relatively	inexpensive.	Also,	since	the	carbon	content	is	lower	than	medium	and	high	steel,	low-carbon	steel	is	easy	to	form	and	is	perfect	for	applications	where	tensile	strength	isn’t	an	immediate	issue,	such	as	structural	beams.
Medium	Carbon	Steel.	Medium	carbon	steel	refers	to	carbon	steels	that	have	between	0.31%	and	0.60%	carbon	content	and	between	0.31%	and	1.60%	magnesium.	One	of	the	biggest	benefits	of	medium	carbon	steel	is	its	strength.	However,	that	comes	with	some	tradeoffs.	Medium	carbon	steel	has	low	ductility	and	toughness,	making	it	more	difficult	to	form	and	weld.	High	Carbon	Steel.	High	carbon	steel	refers	to	carbon	steels	that	have	between	0.61%	and	1.50%	carbon	content	and	between	0.31	and	0.90	magnesium.	When	it	comes	to	hardness	and
toughness,	high-carbon	steel	is	the	carbon	steel	of	choice.	However,	this	comes	at	a	tradeoff.	It’s	very	difficult	to	weld,	cut,	or	form	high-carbon	steel.	The	next	type	of	steel	is	alloy	steel,	these	are	made	by	combining	carbon	steel	with	various	alloying	elements	to	provide	unique	properties	to	each	steel.	There	is	an	incredibly	wide	range	of	alloy	steels,	but	some	of	the	most	common	include	Chromium,	Cobalt,	Molybdenum,	Nickel,	Tungsten,	and	Vanadium.	Due	to	the	incredible	variety	of	alloy	steels,	you	can	create	steels	with	almost	every	possible	property
using	alloy	elements.	That	being	said,	some	of	these	steels	are	relatively	expensive.	These	tend	to	be	more	resistant	to	corrosion	and	are	favored	for	some	car	parts,	pipelines,	ship	hulls,	and	mechanical	projects.	For	this	one,	the	strength	depends	on	the	concentration	of	the	elements	that	it	contains.	Tool	steel	is	famous	for	being	hard	and	both	heat	and	scrape-resistant.	The	name	is	derived	from	the	fact	that	they	are	very	commonly	used	to	make	metal	tools,	like	hammers.	These	are	steels	used	for	tooling	activities	such	as	drilling.	Commonly	made	up	of
molybdenum,	vanadium,	tungsten,	and	cobalt,	tooling	steels	are	heat-resistant,	durable,	and	strong.	There	are	6	grades	of	tool	steel:	Air-hardening	Water-hardening	D-type	Hot-working	Shock-resisting	types	Oil-hardening	Last	but	not	least,	stainless	steels	is	probably	the	most	well-known	type	on	the	market.	This	type	is	shiny	and	generally	has	around	10	to	20%	chromium,	which	is	their	main	alloying	element.	This	combination,	allows	the	steel	to	be	resistant	to	corrosion	and	very	easily	molded	into	varying	shapes.	Because	of	their	easy	manipulation,
flexibility,	and	quality,	stainless	steel	can	be	found	in	surgical	equipment,	home	applications,	and	silverware,	and	even	implemented	as	exterior	cladding	for	commercial/industrial	buildings.	Related	Posts:	What	is	Stainless	Steel?	Iron	and	steel	are	used	widely	in	the	construction	of	roads,	railways,	other	infrastructure,	appliances,	and	buildings.	Most	large	modern	structures,	such	as	stadiums	and	skyscrapers,	bridges,	and	airports,	are	supported	by	a	steel	skeleton.	Even	those	with	a	concrete	structure	employ	steel	for	reinforcing.	Some	Uses	of	steel	is	given
below:	Steel	is	environment-friendly	&	sustainable.	It	possesses	great	durability.	Compared	to	other	materials,	steel	requires	a	low	amount	of	energy	to	produce	lightweight	steel	construction.	Steel	is	the	world’s	most	recycled	material	which	can	be	recycled	very	easily.	Its	unique	magnetic	properties	make	it	an	easy	material	to	recover	from	streams	to	be	recycled.	Steel	can	be	designed	in	various	forms.	It	gives	a	better	shape	and	edge	than	iron	which	is	used	to	make	weapons.		Engineering	steels	are	used	for	general	engineering	and	manufacturing	sectors.	
Steel	is	highly	used	in	the	automobile	industry.	Different	types	of	steel	are	used	in	a	car’s	body,	doors,	engine,	suspension,	and	interior.	The	average	50%	of	a	car	is	made	of	steel.	Steel	reduces	CO2	emissions.	All	types	of	energy	sectors	demand	steel	for	infrastructure	and	resource	extraction.		Stainless	steels	are	used	to	produce	offshore	platforms	and	pipelines.		Steels	are	used	for	packaging	and	protecting	goods	from	water,	air,	and	light	exposure.		Most	household	appliances	like	fridges,	TV,	oven,	sinks,	etc	are	made	of	steel.		Steels	are	used	for	producing
industrial	goodies	like	farm	vehicles	and	machines.	Stainless	steel	is	used	as	a	cutlery	material.	Because	of	its	easy	welding	capability	and	attractive	finishing,	steel	has	become	a	prominent	feature	in	modern	architecture.	Stainless	steel	gives	a	hygienic	environment.	That’s	why	it	is	used	for	surgical	implants.	Steel	has	a	wider	range	of	temperatures	which	is	used	to	make	large	sheets.		Renewable	energy	resources	like	solar,	hydro,	and	wind	power	use	stainless-steel	components.		Mild	steel	is	used	for	building	construction.	It	is	also	a	highly	favored	building
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Steel	is	an	alloy	of	iron	and	carbon	containing	less	than	2%	carbon	and	1%	manganese	and	small	amounts	of	silicon,	phosphorus,	sulphur	and	oxygen.	Steel	is	the	world’s	most	important	engineering	and	construction	material.	The	16	gauge	steel	can	range	from	1.519	mm	to	1.613	mm	(0.0598	inches	to	0.0635	inches)	in	thickness.	The	14	gauge	steel	can	range	from	1.98	mm	(0.0781	inches)	in	thickness.	Damascus	steel,	also	called	damasked	steel,	is	one	of	the	famous	steels	of	the	pre-industrial	era,	typically	made	into	weapon	blades.	Manufacture	involved	a
secret	carburization	process	in	which	a	form	of	wrought	iron	was	heated	to	red	heat	in	contact	with	various	carbonaceous	materials	in	closed	vessels.	The	result	was	an	iron-carbon	alloy	containing	as	much	as	1.8	percent	carbon.	Probably,	the	carburized	product	was	then	annealed	to	dissipate	some	of	the	carbon	before	being	hammered	into	bars	for	later	fashioning	into	articles	such	as	swords.	The	melting	point	of	iron	alloys	and	the	melting	point	of	steel,	occur	at	higher	temperatures,	around	2,200-2,500	Fahrenheit	(°F)	/	1,205-1,370	Celsius	(°C).	Melting
points	of	Copper	Alloys	(including	bronzes,	pure	copper,	and	brass)	are	lower	than	iron,	at	ranges	around	1,675-1,981°F	/	913-1,082°C.	Technology	Industry	steel,	alloy	of	iron	and	carbon	in	which	the	carbon	content	ranges	up	to	2	percent	(with	a	higher	carbon	content,	the	material	is	defined	as	cast	iron).	By	far	the	most	widely	used	material	for	building	the	world’s	infrastructure	and	industries,	it	is	used	to	fabricate	everything	from	sewing	needles	to	oil	tankers.	In	addition,	the	tools	required	to	build	and	manufacture	such	articles	are	also	made	of	steel.	As
an	indication	of	the	relative	importance	of	this	material,	in	2013	the	world’s	raw	steel	production	was	about	1.6	billion	tons,	while	production	of	the	next	most	important	engineering	metal,	aluminum,	was	about	47	million	tons.	(For	a	list	of	steel	production	by	country,	see	below	World	steel	production.)	The	main	reasons	for	the	popularity	of	steel	are	the	relatively	low	cost	of	making,	forming,	and	processing	it,	the	abundance	of	its	two	raw	materials	(iron	ore	and	scrap),	and	its	unparalleled	range	of	mechanical	properties.	How	iron	is	turned	into	steelIron	ore
is	one	of	the	most	abundant	elements	on	Earth,	and	one	of	its	primary	uses	is	in	the	production	of	steel.	When	combined	with	carbon,	iron	changes	character	completely	and	becomes	the	alloy	steel.See	all	videos	for	this	articleThe	major	component	of	steel	is	iron,	a	metal	that	in	its	pure	state	is	not	much	harder	than	copper.	Omitting	very	extreme	cases,	iron	in	its	solid	state	is,	like	all	other	metals,	polycrystalline—that	is,	it	consists	of	many	crystals	that	join	one	another	on	their	boundaries.	A	crystal	is	a	well-ordered	arrangement	of	atoms	that	can	best	be
pictured	as	spheres	touching	one	another.	They	are	ordered	in	planes,	called	lattices,	which	penetrate	one	another	in	specific	ways.	For	iron,	the	lattice	arrangement	can	best	be	visualized	by	a	unit	cube	with	eight	iron	atoms	at	its	corners.	Important	for	the	uniqueness	of	steel	is	the	allotropy	of	iron—that	is,	its	existence	in	two	crystalline	forms.	In	the	body-centred	cubic	(bcc)	arrangement,	there	is	an	additional	iron	atom	in	the	centre	of	each	cube.	In	the	face-centred	cubic	(fcc)	arrangement,	there	is	one	additional	iron	atom	at	the	centre	of	each	of	the	six
faces	of	the	unit	cube.	It	is	significant	that	the	sides	of	the	face-centred	cube,	or	the	distances	between	neighbouring	lattices	in	the	fcc	arrangement,	are	about	25	percent	larger	than	in	the	bcc	arrangement;	this	means	that	there	is	more	space	in	the	fcc	than	in	the	bcc	structure	to	keep	foreign	(i.e.,	alloying)	atoms	in	solid	solution.	Iron	has	its	bcc	allotropy	below	912°	C	(1,674°	F)	and	from	1,394°	C	(2,541°	F)	up	to	its	melting	point	of	1,538°	C	(2,800°	F).	Referred	to	as	ferrite,	iron	in	its	bcc	formation	is	also	called	alpha	iron	in	the	lower	temperature	range
and	delta	iron	in	the	higher	temperature	zone.	Between	912°	and	1,394°	C	iron	is	in	its	fcc	order,	which	is	called	austenite	or	gamma	iron.	The	allotropic	behaviour	of	iron	is	retained	with	few	exceptions	in	steel,	even	when	the	alloy	contains	considerable	amounts	of	other	elements.	There	is	also	the	term	beta	iron,	which	refers	not	to	mechanical	properties	but	rather	to	the	strong	magnetic	characteristics	of	iron.	Below	770°	C	(1,420°	F),	iron	is	ferromagnetic;	the	temperature	above	which	it	loses	this	property	is	often	called	the	Curie	point.	In	its	pure	form,
iron	is	soft	and	generally	not	useful	as	an	engineering	material;	the	principal	method	of	strengthening	it	and	converting	it	into	steel	is	by	adding	small	amounts	of	carbon.	In	solid	steel,	carbon	is	generally	found	in	two	forms.	Either	it	is	in	solid	solution	in	austenite	and	ferrite	or	it	is	found	as	a	carbide.	The	carbide	form	can	be	iron	carbide	(Fe3C,	known	as	cementite),	or	it	can	be	a	carbide	of	an	alloying	element	such	as	titanium.	(On	the	other	hand,	in	gray	iron,	carbon	appears	as	flakes	or	clusters	of	graphite,	owing	to	the	presence	of	silicon,	which	suppresses
carbide	formation.)	Building	Blocks	of	Everyday	Objects	The	effects	of	carbon	are	best	illustrated	by	an	iron-carbon	equilibrium	diagram.	The	A-B-C	line	represents	the	liquidus	points	(i.e.,	the	temperatures	at	which	molten	iron	begins	to	solidify),	and	the	H-J-E-C	line	represents	the	solidus	points	(at	which	solidification	is	completed).	The	A-B-C	line	indicates	that	solidification	temperatures	decrease	as	the	carbon	content	of	an	iron	melt	is	increased.	(This	explains	why	gray	iron,	which	contains	more	than	2	percent	carbon,	is	processed	at	much	lower
temperatures	than	steel.)	Molten	steel	containing,	for	example,	a	carbon	content	of	0.77	percent	(shown	by	the	vertical	dashed	line	in	the	figure)	begins	to	solidify	at	about	1,475°	C	(2,660°	F)	and	is	completely	solid	at	about	1,400°	C	(2,550°	F).	From	this	point	down,	the	iron	crystals	are	all	in	an	austenitic—i.e.,	fcc—arrangement	and	contain	all	of	the	carbon	in	solid	solution.	Cooling	further,	a	dramatic	change	takes	place	at	about	727°	C	(1,341°	F)	when	the	austenite	crystals	transform	into	a	fine	lamellar	structure	consisting	of	alternating	platelets	of	ferrite
and	iron	carbide.	This	microstructure	is	called	pearlite,	and	the	change	is	called	the	eutectoidic	transformation.	Pearlite	has	a	diamond	pyramid	hardness	(DPH)	of	approximately	200	kilograms-force	per	square	millimetre	(285,000	pounds	per	square	inch),	compared	with	a	DPH	of	70	kilograms-force	per	square	millimetre	for	pure	iron.	Cooling	steel	with	a	lower	carbon	content	(e.g.,	0.25	percent)	results	in	a	microstructure	containing	about	50	percent	pearlite	and	50	percent	ferrite;	this	is	softer	than	pearlite,	with	a	DPH	of	about	130.	Steel	with	more	than
0.77	percent	carbon—for	instance,	1.05	percent—contains	in	its	microstructure	pearlite	and	cementite;	it	is	harder	than	pearlite	and	may	have	a	DPH	of	250.	Updated	[hour]:[minute]	[AMPM]	[timezone],	[monthFull]	[day],	[year]			HARRISBURG,	Pa.	(AP)	—	Nippon	Steel	and	U.S.	Steel	said	Wednesday	they	have	finalized	their	“historic	partnership,”	a	deal	that	gives	the	U.S.	government	a	say	in	some	matters	and	comes	a	year-and-a-half	after	the	Japanese	company	first	proposed	its	nearly	$15	billion	buyout	of	the	iconic	American	steelmaker.The	pursuit	by
Nippon	Steel	for	the	Pittsburgh-based	company	was	buffeted	by	national	security	concerns	and	presidential	politics	in	a	premier	battleground	state,	dragging	out	the	transaction	for	more	than	a	year	after	U.S.	Steel	shareholders	approved	it.	It	also	forced	Nippon	Steel	to	expand	the	deal,	including	adding	a	so-called	“golden	share”	provision	that	gives	the	federal	government	the	power	to	appoint	a	board	member	and	a	say	in	company	decisions	that	affect	domestic	steel	production	and	competition	with	overseas	producers.	“Together,	Nippon	Steel	and	U.S.
Steel	will	be	a	world-leading	steelmaker,	with	best-in-class	technologies	and	manufacturing	capabilities,”	the	companies	said.The	combined	company	will	become	the	world’s	fourth-largest	steelmaker	in	an	industry	dominated	by	the	Chinese,	and	bring	what	analysts	say	is	Nippon	Steel’s	top-notch	technology	to	U.S.	Steel’s	antiquated	steelmaking	processes,	plus	a	commitment	to	invest	$11	billion	to	upgrade	U.S.	Steel	facilities.	In	exchange,	Nippon	Steel	gets	access	to	a	robust	U.S.	steel	market,	strengthened	in	recent	years	by	tariffs	under	President	Donald
Trump	and	former	President	Joe	Biden,	analysts	say.	Anthony	Rapa,	a	Blank	Rome	lawyer	in	Washington	who	advises	firms	on	trade,	operations	and	investments,	said	the	government’s	intervention	in	the	Nippon	Steel-U.S.	Steel	deal	is	another	sign	of	a	trend	that	the	U.S.	is	increasingly	equating	economic	security	with	national	security.	He	doesn’t	see	the	government’s	intervention	as	chilling	foreign	investment	and	said	a	“golden	share”	mechanism	—	to	the	extent	it’s	used	again	by	the	U.S.	to	ease	national	security	concerns	—	is	likely	to	emerge	only	in
sensitive	and	complex	cases.	Still,	the	episode	could	cause	investors	to	be	more	strategic	in	how	they	approach	transactions,	Rapa	said.Anil	Khurana,	executive	director	of	the	Baratta	Center	for	Global	Business	at	Georgetown	University,	said	the	U.S.	government’s	interest	in	the	deal	is	a	sign	of	the	growing	importance	it	places	on	economic	competition	with	China.“Clearly	the	definition	of	what	is	national	security	has	expanded	to	included	national	economic	security,	which	is	where	I	think	this	comes	in,”	Khurana	said.Nippon	Steel	and	U.S.	Steel	did	not
release	a	copy	of	the	national	security	agreement	struck	with	Trump’s	administration.But	in	a	statement	Wednesday,	the	companies	said	the	federal	government	will	have	the	right	to	appoint	an	independent	director	and	get	“consent	rights”	on	specific	matters.	Those	include	reductions	in	Nippon	Steel’s	capital	commitments	in	the	national	security	agreement;	changing	U.	S.	Steel’s	name	and	headquarters;	closing	or	idling	U.S.	Steel’s	plants;	transferring	production	or	jobs	outside	of	the	U.S.;	buying	competing	businesses	in	the	U.S.;	and	certain	decisions	on
trade,	labor	and	sourcing	outside	the	U.S.	Nippon	Steel	announced	in	December	2023	that	it	planned	to	buy	the	steel	producer	for	$14.9	billion	in	cash	and	debt,	and	committed	to	keep	the	U.S.	Steel	name	and	Pittsburgh	headquarters.	The	United	Steelworkers	union,	which	represents	some	U.S.	Steel	employees,	opposed	the	deal,	and	Biden	and	Trump	both	vowed	from	the	campaign	trail	to	block	it.	Biden	used	his	authority	to	block	Nippon	Steel’s	acquisition	of	U.S.	Steel	on	his	way	out	of	the	White	House	after	a	review	by	the	Committee	on	Foreign
Investment	in	the	United	States.After	he	was	elected,	Trump	changed	course,	expressing	openness	to	working	out	an	arrangement	and	ordering	another	review	by	the	committee.That’s	when	the	idea	of	the	“golden	share”	emerged	as	a	way	to	resolve	national	security	concerns	and	protect	American	interests	in	domestic	steel	production.As	it	sought	to	win	over	American	officials,	Nippon	Steel	began	adding	commitments.	Those	included	putting	U.S.	Steel	under	a	board	made	up	of	a	majority	of	Americans	and	a	management	team	of	Americans.	It	pledged	not
to	conduct	layoffs	or	plant	closings	as	a	result	of	the	transaction	or	to	import	steel	slabs	to	compete	with	U.S.	Steel’s	blast	furnaces	in	Braddock,	Pennsylvania	and	Gary,	Indiana.In	the	final	agreement,	it	pledged	to	produce	and	supply	U.S.	Steel	from	domestic	sources	—	such	as	mining	operations	in	Minnesota	—	and	to	allow	U.	S.	Steel	to	pursue	trade	actions	under	U.S.	law.It	also	made	a	series	of	bigger	capital	commitments	in	U.S.	Steel	facilities,	tallying	$11	billion	through	2028,	it	said.Nippon	Steel	said	its	annual	crude	steel	production	capacity	is
expected	to	reach	86	million	tons,	closer	to	its	goal	of	100	million	tons.	The	United	Steelworkers	on	Wednesday	noted	that	its	current	labor	agreement	with	U.S.	Steel	expires	in	2026.“Rest	assured,	if	our	job	security,	pensions,	retiree	health	care	or	other	hard-earned	benefits	are	threatened,	we	are	ready	to	respond	with	the	full	strength	and	solidarity	of	our	membership,”	its	international	president,	David	McCall,	said	in	a	statement.___Follow	Marc	Levy	on	X	at:


